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Project Definition

I chose to reverse engineer a skateboard truck for my ES488 project. This is in conjunction with my ES419 project. For my fourth year project, I am redesigning skateboard trucks under the supervision of Dr. Mechefske. The scope of the project includes performing lab tests on existing components and modeling these on I-DEAS. This fits in well with what is required in my ES488 project.

Skateboard trucks have not changed significantly in design over the course of their 40-year history. Existing trucks have several aspects that can be improved upon. During the course of this project, I planned to investigate options for design improvements. Unfortunately, time constraints prevented me from modeling these changes in I-DEAS.

The skateboard truck that was modeled was a Tracker Hawk. An assembly model was made and rendered, as well as each individual component. Several detailed drawings were made and finite element analysis was performed on one part. NC code was also generated for drilling the four holes in the baseplate.   
Components

A. hanger

B. bearing

C. wheel

D. baseplate and kingpin

E. bushing (blue)

F. wheel nuts

G. bushing cups

H. [image: image3.wmf]hanger cup

I. kingpin nut

It was decided that components that were not essential to the functionality of the truck would be left out. The wheels and the bearings were not modeled, as the focus of the project was on the design of the truck.

Assembly

The assembly functions of I-DEAS were quite useful. Here are some rendered drawings of the assembly:
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Top View
Side View
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Front View
I-DEAS has the option to save different assemblies. This is useful for keeping one or more views of the same assembly. Here is an exploded drawing of the assembly:

[image: image5.png]



An exploded drawing can be generated in a single step after an assembly has been defined. The spacing between each part in the exploded drawing can be defined. Unfortunately, this command is limited to exploding the assembly along an axis. To generate an explosion such as the one shown, one must move each part by hand, since they are aligned along a vector other than a primary axis.

The assembly can also be saved as a VRML file. Two examples of this are posted on my web page. This is by far the best way to view the components, since they can be rotated and magnified as a solid. The viewer can see every section of the assembly with relative ease.
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Each individual part was rendered. Here follows the components:


Baseplate
The baseplate is the metal component that holds the truck to the skateboard. Four bolts are used to attach the baseplate to the board. The hanger fits into the larger hole on the truck and is held in place by the kingpin.
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Hanger

[image: image8.wmf]The hanger is the main component of the truck. It holds the axle, on which are attached the wheels and bearings. This part must be designed to carry a large load and be resistant to wear. Users like to scrape the hanger along curbs and railings while riding which causes excessive wear to the center of the hanger between the wheels. This was also the hardest part to model on I-DEAS on account of the curves and webbing.
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Kingpin and Nut
The kingpin fits through hanger and base plate and by tightening the nut the two parts are attached. 
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Plates and Bushings
These bushings fit snugly around the kingpin, creating a tight seal in the assembly. They are mounted inside two plates or washers. The bushings are the key to the truck. They are made of rubber, which makes the entire assembly flexible. The tighter the nut is made, the more stiff the assembly is, creating less of a turning radius. 

All these drawings were created starting with basic geometric shapes. The bushings and plates were made by revolving a cross-section by 360 degrees. The baseplate and hanger were more complicated to model, but essentially consist of basic geometry, revolved shapes, and extruded and lofted cross-sections. Reference points and planes were used for drawing at difficult locations.  After the basic shape was arrived at using these methods, the corners were smoothed out, using the fillet and blend functions. For the hanger, blends with varying radii were used in several locations.

Detailed Drawings

Detailed drawings in two dimensions are easy to do with I-DEAS. The views are positioned using Drafting Setup and the dimensions can be added in Detailing. As soon as one view is specified as the front view, all the other views are generated automatically by I-DEAS. The program also generates a few selected dimensions. These can be kept or hidden at the user’s discretion. The only drawback to this method of detailing is the time it takes to go from Setup to Detailing. Invariably, the user will have to switch between the two to change certain attributes and each time I-DEAS has to load a new plug-in. This can take up to five minutes at times (in the Power PC lab at Western).
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Finite Element Analysis

The finite element analysis component of I-DEAS is one of the most powerful functions of the program. An analysis can be performed on any modeled part. Boundary conditions are specified by the user and various types of loads can be applied at any location. By creating a mesh around the part, the user can analyze the stress and deflection at any node or element. This mesh can be intensified by using smaller or different shaped elements. I performed finite element analysis on the kingpin. This component of the truck is subject to a large amount of stress during regular use and commonly fails.

[image: image13.wmf]
The individual elements are clearly visible. High stress concentrations are colored red, while elements with low stress are colored blue. The scale is displayed on the right side of the display. I constrained the bolt at the head and applied a force halfway along the length, where the hanger would be located. The deflection is exaggerated in order that it can be seen how the part will deform under this loading condition. 

NC Machining

Another useful module in the I-DEAS package is the Generative Machining function. G-code for the machining of complex shaped components can be generated using this function.  First, a machining coordinate system must be set up in Assembly Setup. Then in Generative Machining the operation must be selected. Different specifications must be selected to optimize the machining process. Different cutting tools, feed and speeds, tool paths and others must be specified. After an operation has been set up, it can be animated to see if it is traveling the right way or if the tool is interfering with anything.

The G-code was generated for the drilling of the four holes in the baseplate. A five mm radius drill bit was used for this operation. The extended lines in the NC drawings represent the tool path. When this sequence is animated, a drawing of a spinning tool follows this path, making it easy to visualize how the machining will take place.

G-code:
%

O1

N1 G21

N2 (OPERATION CATEGORY & TYPE: Hole Making Drill)

N3 (OPERATION NUMBER & NAME:    Operation-1)

N4 (TOOL IDENTIFIER:           drill1)

N5 (POST TOOL ID:              0)

N6 (TOOL DESCRIPTION:          )

N7 (TOOL STATION NUMBER:       1)

N8 M06 T00000

N9 S0.0 M42

N10 M03

N11 G00 X-4.5 Y16.0 Z24.9445

N12 M07

N13 G81 X-4.5 Y16.0 Z-30.5022 F242.57 R-21.5

N14 G80

N15 G00 Z-2.6943

N16 G43 H0.0

N17 G81 X36.5 Y16.0 Z-30.5022 F242.57 R-21.5

N18 Y70.0

N19 G80

N20 G00 Z2.2032

N21 G81 X-4.5 Y70.0 Z-30.5022 F242.57 R-21.5

N22 G80

N23 M09

N24 G00 Z24.9445

N25 Z0.0

N26 X0.0 Y0.0

N27 S0.0 M05

%

Design Improvements

The Tracker Hawk truck was a complex part to model. For this reason, it had to be simplified. This is included as a design improvement only for the simple fact that it made the assembly easier to model. The number of fillets and blends on the actual part made it difficult to obtain accurate measurements. Many of the splines and curves were approximated because of these limitations. 

Actual design improvements were considered, but not documented for lack of time. One of the improvements considered was shortening the kingpin. This would make for greater clearance and less wear on the nut. This would also allow for less stress on the kingpin. The small bushing would have to be modified to allow accommodate this change.

Another improvement would be to blend the two faces on the top of the baseplate. The drastic change from one face to another would cause excessive stress concentrations to build up along this corner.   By creating a fillet or blend along this line, the stress could be more evenly distributed.

Conclusion

I-DEAS is a very powerful CAD/CAM tool. Unfortunately, it has a high learning curve. There are many methods to use for modeling components. It is easy to get lost in all the sub-menus and commands. As long as time is devoted to learning the program, much can be accomplished in a short time. Once a part is modeled, much can be done to analyze it. In this way, designs can be evaluated without building prototypes. This is very cost effective.

One useful feature about I-DEAS is the history tree. By going back in the history tree, one can change or delete a step and this change will carry through until the finished part.  In this way, any change that is done to the part can easily be modified.

The on-line help is not very useful. It is hard to find exactly what you’re looking for. The help that is there generally doesn’t go indepth enough to aid you. 

I-DEAS is able to modify very complex parts with its construction. Also, by setting constraints, dimensions can be locked in or referenced to other dimensions or parts. This is useful when you want to make one dimension change when another dimension is modified.

I-DEAS is an essential tool for use in industry and design. Not only can it ease the design process, it can aid in the manufacturing of the design.
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