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Introduction

The SAE sponsored Clean Snowmobile Challenge (CSC) was held in Michigan once again for this year.  This event tests each snowmobile entered in the competition for sound, emissions, and cost.  

The cowling is used to keep the sound of the engine compartment at a minimum.  A loud snowmobile is of concern to snowmobile riders and non-snowmobile riders alike.  After riding all day on a screaming snowmobile, the rider can potentially lose hearing as well as have a huge headache.  However,  even with this in mind, noise issue is more of a concern with non-riders rather then riders.  As some snowmobile trails pass by homes and businesses, they create a lot of noise which agitates people.  This leads to complaints and their dislikes towards snowmobiles.

Another use for the cowling is to keep snow and debris from damaging components of the engine and electrical systems under the hood.  The cowling should be made strong enough to withstand a person leaning on it, or a small flying object hitting it, roughly 30 lbs.  It should also keep snow from packing in the engine compartment but have enough ventilation to keep parts cool.  

The fabrication of a custom cowling is necessary because of the modifications made to the snowmobile’s engine compartment.  Extra clearance is required over the muffler and catalytic converter.  Modifications to the gage cluster also require that the cowling be changed as well.  

Objective:

· Increase Engine Clearance

· Improve the quality of the part 

· Decrease the weight of the cowling

· Improve the rigidity and improve the fiber lay up.

Increase Engine Clearance

One of the major issues that had to be addressed this year on the cowling was that the one from last year had some serious engine clearance problems.  The old cowling had visible deformation and burn marks on the inside of the fiberglass.  The worst section of the cowling was the part that was directly above the muffler.  The old cowling was put on the snowmobile, and it was observed that there was virtually no clearance there at all.  


In order to address this concern, the design of the cowling was modified.  We took the existing plug from last year’s design, and started from there.  A layer of bondo was first applied to the plug; adding an extra thick coat on the section of the plug that correlated to the section on the cowling that had the most clearance issues.  Then, a scoop was molded out of foam and then bondo was placed over it to give even more clearance in the affected area.

Improve the Quality of the Part


Another objective of the project was to improve the quality of the cowling itself.  Last year much time was spent on planning, measuring, and fabricating the plug to fit the belly pan.  However, it left little time necessary to create a quality part, nor the correct clearances higher up.  As a result, the cowling from last year had several fit issues on the sled.  


This year we took measurements of the existing cowling, plug, and the snowmobile itself to gain insight into exactly how to make the cowling fit better on the sled.  Once these measurements were taken, work began on the plug to enhance its quality, and in turn enhance the quality of the final product.


Another improvement made to the cowling this year is the addition of a curved surface to install the stock headlight as well as the stock windshield.  The headlight will improve the looks of the cowling and the windshield will also add to the looks, while protecting the driver from the cold and wind as well.  

Decrease the weight of the Cowling


After looking at the final product from last year, it was also decided that we would take a look into the overall weight of the cowling itself.  It was made out of multiple fiberglass layers last year, and was fitted with many layers of insulation on the inside of it.  


It was decided that we would design around the probability that the overall weight of the insulation necessary would remain the same; however, we would use carbon fiber this year for our cowling material instead of the fiberglass used last year in hopes that it would save some weight while still improving upon stiffness.

Improve the rigidity and improve the Fiber Lay Up


In order to improve the rigidity of the cowling itself, after careful thought it was decided that we would be using carbon fiber to reach this goal.  However, another main goal of this year’s project is to try to improve on the fiber lay up of the material itself during the fabrication period to maximize the rigidity you could possibly get from the material chosen.  


In order to reach this goal, we modeled our part in Solid Works and defined our design case loading patterns.  We then consulted Prof. Vel to discuss the fiber lay up necessary to achieve the necessary rigidity to handle our loading case.  

Constraints

· Regulate Air Flow

· Sound Dampening

· Cost

· Time

Regulate Air Flow


A key constraint on the cowling design was that we had to ensure that the clutch would still get sufficient air flow to keep it cool during the snowmobiles operation.  Last year there were two cooling vents symmetrically placed on the hood.  This year we decided to change this design and place a hood scoop centered on the front of the hood and extends back to the edge where the head light will be located.  A fan was located below the outlet of the intake with a thermo-electric switch so that when the clutch became too warm it would be cooled by the intake air.
Sound Dampening


Sound dampening was another concern of ours, and this year there is a CSC Noise Vibration and Harshness team.  Our team worked with them, particularly during our design phase to make sure that they had a say in the final design that we went with.  


In the end, everyone agreed on the hood scoop idea.  The scoop would allow for air to come in from the front of the cowling, and there would be an opening for the air to flow in toward the back inside of the scoop.  That way, the noise from the engine can escape from the hole and bounce off of the inside of the scoop multiple times before it exits which acts as a damper for the sound.

Cost


Another key constraint to this year’s project is cost.  We wanted to use carbon fiber from the start, but we immediately realized that it can be hard to obtain, and most certainly could be expensive.  In order to stay within the budget we began looking for sources to maybe obtain donations.  We got a huge break when we were able to get a donation of carbon fiber that would cover the need for the entire project.  The material was donated by Pepin Associates, Inc. located in Greenville, Maine.  This substantial donation made a carbon fiber cowling this year a reality from the start of our design in September.

Time

Completing the cowling before the team leaves for the Clean Snowmobile Challenge in Houghton, Michigan was a big constraint for our project.  The Challenge was held this year March 13-18, 2006.  The cowling was finished and assembled in time.

Modeling the Cowling in Solidworks

Rough measurements were taken of the previous years cowling and a Solidworks model was created from it.  (See figure 1)  
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Figure 1

This model was useful to calculate how many layers of carbon fiber were needed to provide a strong enough cowling.  

Plug Modifications

The first modification to the plug was adding foam to the bottom edge and smoothing it out to fit flat on a piece of shower board. (See figure 2)  This was one step needed to provide a smooth surface for scrimping the mold later on.
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Figure 2

We then carved pieces of foam out of foam board to make the hood scoop and contour for the headlight.  The stock headlight will now be able to fit in the cowling which will add to its aesthetic appeal.  After placing these parts on the plug, we applied bondo to cover everything.  (See figure 3)
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Figure 3

The bondo was applied and then sanded off a countless number of times.  One problem we ran into was symmetry.  The plug had certain sections that did not have the same geometry as the opposite side.  Most of our time was spent adding and removing bondo in order to achieve a symmetric plug.  Once the plug was brought to an acceptable shape, the bondo was sanded smooth and sandable primer applied.  The plug was then sanded again and more primer added.  The plug was finally wet sanded and then paint applied.  Once painted, wet sanding was performed again until the plug became polished. (See figure 4)
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Figure 4

After the part was completely sanded, a minimum of 6 layers of bowling alley wax (Butchers brand) was applied to it.  This acts as a release film so that the part produced will release from the plug.  Any errors in this release filming will result in a poor quality part and usually a broken plug when it comes time to separate the two.

Mold

The mold for the cowling was made from fiberglass.  A minimum of 3 layers of fiberglass, a variety of 0/90 weave 3 oz/yard2 and 9 oz/yard2 of fabric was used.  They were laid with the lightest weight down first for the best ability to conform to the curves.  From there heavier and stronger layers were placed down to give the part structural integrity.  For some of the more compound curves, smaller pieces of fabric were cut to help go with the shape.  This eliminated a lot of the wrinkles that would form had it been laid down as one sheet.  Appropriate overlapping was used in any circum-stances where the fabric was cut.

Our first attempt to make a mold resulted in failure.  We tried using the SCRIMP method, which will be explained later, and imploded our plug.  After repairing the plug, we resorted to using a hand layup.  This resulted in a lower quality mold, but still workable.  Minor repairs were required to the mold surface.  Resin was applied to imperfections in the mold and sanded out.  

Mechlab (Material Layup)


At this point we had concluded that the material of choice would be carbon fiber.  The actual fabric that was donated was a 0-90 fabric.  This means that the fabric has toes running 90 degrees to each other.  The fabric, once infused, will be just as strong in either direction of bending and tension.  


We had decided that our largest forces will be the bending forces on the hinge.  Due to this, if we chose a number of layers of fabric that was adequate for that, we could simply use the same amount of layers for everything else and it should be more then enough for the application.  This was done due to the time constraints; a project in the future that could model the layup better could reduce weight by minimizing un-needed layers.
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Figure 5


We decided that the best method of testing it would be a simple bending test based off the original mounting hinges.  We took a sample piece of flat carbon fiber that was SCRIMP'd previously and attached it to the hinge.    A lever arm was attached to the piece of carbon fiber with a weight at the end to simulate the weight of the hood.  
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Figure 6

This apparatus was then moved back and forth a hundred times to simulate the use of the hood.  Providing that it survives that with no obvious cracking, the hood will survive normal use.  The geometry of the hood is superior to a flat plate to begin with, so that accounted for a reasonable factor of safety.   Figures 5, 6 and 7 show the various views of the test setup.  Figure 5 shows the complete setup.  Figure 6 shows a close up of the setup.  Finally, Figure 7 shows the setup flexed out.
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Figure 6
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Figure 7

Part

The fabrication process will be performed using SCRIMP (Seeman Composites Resin Infusion Molding Process), a VARTM (Vacuum Assisted Resin Transfer Molding) process.  This method is accomplished by laying down the fabric and attaching a vacuum bag to the part.  Pulling vacuum on this bag and drawing resin through the part will result in a much higher quality part, both in a higher fiber/volume ratio and in overall uniformity.  Prepping the mold with the same waxing method as for the plug is vital for the release of the part.

Before making the final cowling, we decided to practice the VARTM method of infusion on a fiberglass part.  With this part, we were able to design and build a hinge as well as fit the headlight and windshield.  


When it came down to making the final cowling, we were not able to pull full vacuum.  Because our previous part turned out decent with about the same vacuum we were pulling, we decided to go ahead and make the part.  The result was the resin did not soak through the carbon fiber.  The cowling ended up having a large amount of dry spots which didn’t look very well.  After cutting it up and fitting everything on it, we decided to send it out and have it painted.  The final product turned out looking very well.  The dry spots were all non-structural so the final hood was very rigid.

Heat Reduction


This year’s sled had an overheating problem at competition.  It was partially diagnosed and repaired at competition however due to lack of supplies and equipment, an effective repair was not made.  


The symptoms of the problem consisted of a gradual overheating as the sled was run under normal conditions.  Additionally, the cooling system would pressurize immediately after starting the motor in a cold condition.  This is not normal as the pressurizing of the system is a result of the increase in temperature of the coolant.  Since the system would pressurize while still cold, a leak from the combustion chamber to the coolant passages was suspected.  This is caused by one of two conditions usually.  The first condition is usually a cracked head or block, usually caused by overheating.  The other would be a blown out head gasket, caused by either a defective head gasket to start with or a warped head.

Going on these symptoms, we deduced our only option was to dismantle the motor and have the head and block examined for problems.  We took these items to the Bangor Car Quest machine shop where they were pressure tested and checked for straightness.  The pressure test checked out, which means that there are no cracks to speak of.  However, the head was out of flat by six thousandths, an unacceptable amount.  After verifying that the warpage wasn’t enough to bind up the cams, the mechanic at Car Quest decked the head back to factory spec.  
The thermostat was replaced because it was damaged when the engine overheated, and taken out to run the snowmobile for the rest of competition.  
The coolant passages in the engine and heat exchangers were also flushed out to make sure no blockages existed.  
Assuming proper reassembly, this should fix the motor back to factory specifications.
Conclusion

This year, the hood performed exceptionally.  It had no structural issues.  The airflow requirements appear to have been met with no issues.  The hood itself is very adept at containing the sound.  The sled scored an overall second for the sound.  As far as cost was concerned, the overall fabrication costs were relatively minimal.  The minimized amount of carbon fiber, even if it had not been donated, wouldn't have broken the bank if bought in bulk prices.  Last, but certainly not least, the practice/spare hood and the final hood were completed prior to the competition and were of a very high quality.

CSC Advanced Composite Cowling Team Milestones

Evan Merritt, Matt Bodwell, Chris Hill, Jesse Morin

(Updated April 13, 2006)

9/13 - Meet with Mick; start to review previous year’s cowling project; get lab safety certifications

Milestone Met.

9/20 - Meet with old group members if possible; talk to infusion expert; general housekeeping

Milestone Met.

9/23 - Meet with Prof. Vel by this date; have basic design sketches done, including attachment points and stiffening


Milestone Met

9/27 - Work on design matrix (House of Quality, Design/Decision/Summary matrix)

Milestone Met.


9/29 - Determine concepts for modeling; work on modeling simplification - short report

Milestone Met.


10/4 - Have more specific design goals for Prof. Vel; have meeting planned

Milestone Met.

10/5 - Post initial webpage

Milestone Met.

10/7 - Orders complete for materials

Milestone Met.

11/8 - Work on solid modeling

Milestone Met.


11/22 - Finish final shape for plug

Milestone Met.


11/29 - Finish painting/finishing of plug

Milestone Met.


12/8 - Wax the plug and prep for infusion of mold

Milestone Met.


12/15 - Mid term report

Milestone Met.


Semester Ends

12/23 - Mold completed

Milestone Met.

1/31 – Discuss and design Mechlab Experiment (LAB)


Milestone Met.

2/2 – Practice infusion of fairing


Milestone Met.

2/2 – Start to assemble experiment (LAB)


Milestone Met.

2/9 – Have Experiment done (LAB)


Milestone Met.

2/18 – Start final fairing


Milestone Met.

2/25 – Have fairing complete


Milestone Met.

3/15 – Start work on Mechlab Report (LAB)


Milestone Met.

5/1 – Have final report done


Milestone Met.

5/3 – Setup oral presentation for final report


Milestone Met.

