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Introduction

On May 10, an entire class of second semester sophomore Mechanical Engineers were given their first chance to showcase their designing strengths in a dragster competition.  The task was to design a dragster capable of traveling a distance of 26 feet as fast as possible, and then break safely at the finish line.  Our group has spent countless hours in the computer labs calculating, measuring, and designing for the optimal car for this task.  Not only should the car have the fastest time, but it also must meet certain design constraints.  The various constraints on the car design will be reflected in the final cost of the dragster.  Braking ability and machining time in addition to speed, will affect the final score the car will receive.  As designers, we were conscientious of these problems when we planned for an optimal design.


On our first day in the computer lab, we agreed on a few key ideas to help us begin our design.  First, we wanted the dragster to be lightweight.  The dragster was designed with only one chassis, which serves as the dragster’s foundation.  This lightweight concept also became important when choosing a braking system.  The braking system, simply composed of thin strips of aluminum and a spring, did not add significant weight to the dragster.  We also decided to use rear wheels from Lafayette that provided good traction and were light.  The front wheels were individually purchased because they were extraordinarily light weight.  Initially, the light weight idea also led us to use one motor.  However, as we neared the completion deadline and began testing our dragster, we observed that one motor proved insufficient for a competitive dragster.  We concluded that although we used ten batteries, our drive train still wasn’t providing enough power to run a competitive time.  Therefore, we devised a quick and simple re-design to add another motor to our dragster.

Mathematical Analysis


To design the most critical components of the dragster, we had to develop some kind of mathematical model to predict how different criteria would effect the dragster’s final time.  We needed some method of accurately determining which gear ratio and which radius to use.  Other important fundamental design bounds included the number of batteries to power the dragster.  With the help of our supervisor, we developed a differential equation that took these various constrains into consideration.  We solved this differential equation for final speed, and based on this data we were able to calculate the optimal gear ratio, wheel radius, and battery quantity for our dragster.


To solve the differential equation with different constants, we used Mathematica 4.0 to better organize our thinking.  In order to get the complete differential equation into Mathematica, we had to define two constants, “a” and “b.”  
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Equation 1
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Equation 2
Next we entered our differential equation into Mathematica, so that it takes the form of equation 3.
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Equation 3
Next, by using the [image: image4.wmf]DSolve
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 command, we were able to have Mathematica calculate a theoretical final time based on how we defined the constants “a” and “b.”  After running a number of numerical tests, we developed tables of our estimates and were able to select the optimal constraints.  Based on our Mathematical model, we initially developed a gear ratio of 3.7 to 1.  Furthermore, we were encouraged to use the chart in Figure 1 to determine the values of the constants “Tstall” and “w.”

Figure I – Motor Characteristics
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The data tables that were used to optimize our constraints can be found in Figure 2.  The back left corners of the 3-D plots shows the optimal point for that constraint.  These 3-D graphs are what we used to organize our data and intuitively pick the correct part.

Figure II – Graph With Four Batteries
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Figure II shows the fastest velocity able to be obtained with four batteries, and the necessary gear ratio and wheel radius combination.  We determined from this graph that the minimal velocity was too slow, so we neglected this wheel radius and gear ratio combination.

Figure III- Graph With Six Batteries
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Figure IV – Graph With Eight Batteries
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Similarly to Figure II, the minimal velocities were too slow.  So these wheel radius and gear ratio combinations were rejected.

Figure V – Graph With Ten Batteries
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This graph produced a minimum race time that we’ve determined to be optimal.  Therefore, we based our initial criteria for our car on the results of this graph.  We decided to make a car with one engine and ten batteries.  These graphs made our decision processes easier.  It is hard to see form this view, but our best calculated time is 2.8 seconds with a gear ratio of 3.7 and a wheel readius of 1.75 inches.

Results


Next, the group had to account for the economic portion of the project.  The cost analysis played an important role in designing the dragster.  Most notably, during the last week of construction our group considered the option of re-designing for another engine due to slow performance.  Before this decision was made and all of us agreed to proceed, we had to check to make sure that our group would benefit from a re-design.  The different parts all are associated with an appropriate cost.  Shop time also increases the total cost of the dragster, making this issue important to consider.  Figure 3 shows a table of the parts we purchased and an estimated cost before the addition of a second motor.

Figure 3 – Cost Estimate (before motor re-design)

	Item
	Quantity
	Cost

	Motor
	1
	15

	Batteries
	10
	6

	Environmental Fee
	10
	20

	Battery holders
	5
	1

	Starting circuit
	1
	10

	Motor mount
	1
	2

	Lafayette wheels (2)
	1
	12.5

	Gears (2)
	1
	35

	Bushings
	4
	1.36

	Front Wheels
	1
	4.50

	Springs
	1
	8

	Total
	 
	357.44


Before the re-design we had spent 10.5 hours in the shop, which was one of the lowest shop times in the class.  Furthermore, we had a relatively inexpensive dragster.  However, during the test runs we noticed our dragster ran a mediocre time of 3.9 seconds.  We then consulted the scoring formula (Equation 4) to see how we would fare in the competition.

I Equation 4 – Scoring Formula
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While using one engine, we plugged our measured time into the equation as well as a cost estimate with our shop time of 10.5 hours included.  Our braking system worked fine so we were able to use zero for V, as there was no braking penalty.  After working this calculation we determined our estimated score to be 2.74.  As a group we decided this was not sufficient and we then investigated the cost/benefits of adding another motor.


We understood that adding another motor would certainly lower the car’s time, but we were unsure if it would lower the cost.  Adding a new motor meant expanding the motor mount.  To do this, we would have to spend more time in shop, which meant we would possibly sacrifice being the group with the least machining hours.  We estimated an increased shop time of three hours and understood that there would be a penalty for overtime since we would be in the shop during the last week of classes.  Figure 5 shows our estimated cost after adding a second motor.

Figure V – Cost Analysis (After Motor Re-Design)

	Item
	Quantity
	Cost

	Motor
	2
	15

	Batteries
	10
	6

	Environmental Fee
	10
	20

	Battery holders
	5
	1

	Starting circuit
	1
	10

	Motor mount
	1
	2

	Lafayette wheels (2)
	1
	12.5

	Gears
	1
	54.14

	Bushings
	4
	1.36

	Front Wheels
	1
	4.50

	Springs
	1
	8

	Total
	 
	391.58


Next, we needed to determine the maximum time our dragster could run and still improve our total score.  We did this by guessing different values of “MT” and using equation 4.  We added a higher shop time estimate to make the cost more accurate during our calculations.  After careful analysis of our formula we determined the improved dragster would have to run at least a 3.3 second time to improve our score.  The decision to add another motor was unanimous, since all the designers thought the car would run below three seconds.  On trial day our car ran a time of 2.771 seconds, giving us an estimated score of 2.1.  Therefore, our re-design was a success. 

Discussion

Drive train design:

Our drive train design was based on mathematical models, calculated in the Mathematica program, which displayed a variety of gear ratios and wheel diameters in order to maximize speed and thus, decrease overall time.  The mathematical model incorporated the mass of the car, wheel radius, motor torque, gear ratio, and final angular velocity of the wheel.  We had decided that using gears would be the most efficient way of transferring torque from the motor shaft to the axle.  Additionally, they appeared to be simple to install, and they had widespread availability in the industrial catalogues.

In order to figure out what gear ratio and wheel diameter to use, we needed to make assumptions about the other aspects of the car to put into the equation.  We assumed the mass to be 0.119 slugs, the torque to be 0.051 ounce-inches, and final angular velocity of 445 radians per second.

The Mathematica output was in graph form, which listed the race time for varying gear ratios and wheel radii using one motor.  We selected our gear ratio to be 3.7 and wheel radius of .1217 feet, which equals a 2.92-inch wheel diameter.  The Mathematica model told us that our race time would be 2.89 seconds.  Using these numbers, we first looked for wheels in the Lafayette wheels stock.  Fortunately we found wheels that matched.  Second, we called McMaster and spoke with an engineer about our design project.  After giving him the information gained from the math model, he recommended a set of gears.  Unfortunately these gears would take four weeks to ship so we could not purchase them.  The gears he recommended were made of steel.  We questioned his choice of material and he explained that the steel was fairly light and it is very durable so it would be a good choice.


Following the engineer’s material recommendation, we searched the Allied Devices website and located a set of steel gears with the correct ratio and immediate availability.  With both the wheels and gears in mind, we began setting up the drive train.  Our design positioned the motor above and slightly forward of the rear axle.  It was attached to the motor mount that was attached to the base plate.  In order for the large gear on the rear axle to reach the small gear on the motor, we designed a slot in the base plate that provided ample clearance for the large gear to fit through.

Manufacturing outcomes:


Not many modifications needed to be made when constructing the initial drive train.  For the small gear, the bore was too large to fit snugly on the motor shaft.  As a result, we had to press fit a piece of brass into the hole of the small gear and then drill and ream a small hole using the lathe for all steps.  Finally, we had to extend the setscrew hole through the new brass sleeve by drilling a hole through the sleeve using the Bridgeport, and then hand tapping the set screw threads.


The large gear weighed more than we anticipated, so in order to decrease the overall weight of the car and reduce the mass moment inertia, we drilled eight holes through the steel gear.  By drilling these holes, we reduced the mass of the dragster by 0.0554 pounds.  This took off 0.0064 seconds.  More importantly, these holes reduced the mass moment of inertia, which then allowed the gear to accelerate faster.


After testing the dragster using our selected gear ratio, wheel radius, and one motor, we got results approximately one full second more than what the Mathematica model had predicted.  We did a total of five trials with this drive train set up.  Our resulting times were 3.892 seconds, 3.798 seconds, 3.855 seconds, 3.895 seconds, and 3.910 seconds.  We decided that these slow times were due to our high gear ratio of 3.7 and use of only one motor.  Most groups consulted used both a lower gear ratio and two motors.  Because of our slow and unpredictable times, we decided to go back to the Mathematica model and figure out our mistakes.  Our errors, after consulting Dr. Katz about our model and inputs, turned out to be the final angular velocity and torque.  What we should have used in our model was a final angular velocity of 3800 radians per second and torque of 0.8 ounce-inches.  We then calculated what gear size and ratio to use with a two-motor setup.  After determining the right small gear size to replace the old small gear with for a calculated ratio of 3, we designed a new motor mount, similar to the original one.  This new motor mount was wider to accommodate for two motors and it fit nicely on the base plate.


Once the two new gears arrived, we did the same process of changing the bore size to fit the motor shaft.

Individual Components:

Item 1: Chassis:

Design elements:


We selected the shape and material of the chassis while keeping in mind the weight and ease of assembly and manufacturing.  In order to keep the total price of the dragster to a minimum, we looked for material that we could use as a chassis in the stockroom.  We decided to use a one inch hollow square channel with a thickness of 1/16” for our chassis.  A square chassis provided us with many flat surfaces for attaching other components.  We easily placed the battery holders, base plate, braking system channel, cutoff switch, and motor mount on the top of the chassis.  The flat sides of the channel allowed us to put the braking arm perpendicular to the braking system channel.  To attach these parts to the chassis, we simply drilled through holes for threaded screws to go completely through to the opposite side of the chassis where the screws were fastened with nuts.

Manufacturing outcomes:


The chassis was first cut from the long stock channel using the large band saw.   Next we used an end mill on the Bridgeport to accurately cut the chassis to length.  Following that step, we used the Bridgeport to center drill, and then drill holes through for the top and sides of the chassis.  This process posed no problems once the drill was zeroed in the correct location.


During one day of manufacturing, our group had nearly all the parts completed and only 20 minutes remaining for our scheduled manufacturing time that day.  We came to the conclusion along with Harry that no new parts could be started that day and so we came up with the idea to machine wide slots along the sides of the chassis where the aluminum was not needed in order to reduce weight.  We quickly and efficiently scored areas on the chassis’s sides that we wanted machined.  The entire process took approximately 15 minutes.

This decision seemed simple since we would have been billed manufacturing time for those 20 minutes regardless of the enhancement of the chassis.  Therefore, we decided to analyze how much time would be saved after the weight of the chassis was reduced.  The total weight reduction was 0.000625 pounds.  This reduction in weight saved us 0.000943 seconds in time.  The amount of time saved did not affect our overall time greatly, but it did not cost us anything to make this modification.

Item 2: Base Plate

Design elements:

After deciding to use a 1” x 1” square chassis, we needed a large plate that would hold the motor mount securely.  This base plate had to be wide enough so that it could have supports for our bearing blocks on the sides to help keep the back axle aligned.  Considering these constraints, we made our base plate out of 1/16” aluminum that is 3.5” long and 4” wide.  The 4” wide side was large enough to provide adequate support to the axle and the decision to make it 3.5” long helped us greatly when we realized that adding a second motor would improve our time.

Manufacturing outcomes:

To machine this part, we used the band saw to roughly cut out the rectangular shape.  The holes for this part had to be machined with a tolerance of +/-.005” because the axle holes must be aligned properly and the screw holes must fit with the holes in the chassis and the motor mount.  To drill these holes with this tolerance, we used the Bridgeport.  Using the Bridgeport worked very well and all of the holes were aligned properly.

Item 3,4: Battery Holders:

Design elements:


The College supplied our battery holders, which are made of aluminum, however, the original screw holes on the holders were located on the outside edges on the bottom of the holders.  Since our chassis was a 1” wide square aluminum channel, we decided to mount the holders on top of and perpendicular to the chassis.  To do so, we designed two separate holes in the center part of the battery holders in a diagonal pattern in order to screw the holders to the top of the chassis.  Therefore, we were required to drill holes through the top and bottom of the chassis so that the holders could be secured to it. This diagonal hole pattern was suggested to us by Rich Reiman.


Additionally, we decided to mount the starter switch on the sides of two of the battery holders.  In order to accomplish this, we drilled two holes in the sides of two of the battery holders (the two closest adjacent ones to the rear of the car) to fasten the starter switch.  We simply set the two holes the same distance apart as the distance between the two holes on the starter switch.


One thing that Rich Reiman recommended was that the starter switch be mounted slightly away from the metal battery holders so that the circuit did not short out by touching the metal holders.  We did this by putting spacers or risers between the starter switch and battery holders.  The fastening screws slipped easily through these spacers.

Manufacturing outcomes:

The altercations to the battery holders included bluing each holder, scoring the areas where the holes would be located, using the drill press to center drill, and finally drilling the holes.  The only slight problem that arose with drilling the holes was that the flimsy aluminum holders bent slightly as the pressure of the drill came down on the part while it was mounted in the clamp.  This did not pose any major problem to the manufacturing though because there was no permanent deformation.  We just had to be cautious while drilling the holes so that we did not damage the holder or the drill itself.

Item 5: Bearing blocks:

Design elements:


Upon consultation with Rich Reiman, we learned that a smooth, flanged delrin bearing would keep the friction low for the axles.  We then ordered 4 bearings, two for the front axle and two for the rear axle.  Since the front axle supported minimal load, we decided that it would be safe to set the two front bearings directly into the chassis with a press fit.  For the two rear bearings, we decided to space them farther apart along the rear axle since the rear axle supported the majority of the car’s weight.  Spacing the bearings far apart would prevent the rear axle from bending under the load of the car.  To space these bearings farther apart, we decided to manufacture two bearing blocks, which could be connected to the bottom of the base plate.  The bearing blocks would have holes drilled in them for the bearings to be press fit.  Additionally, to connect the bearing blocks to the base plate, we designed two through-holes to allow the two screws to pass through and be fastened with nuts on the opposite end.

Manufacturing outcomes:


We obtained the bearing blocks from a stock aluminum bar and used the large band saw to cut the piece to its general length.  We then used the Bridgeport and an end mill to accurately cut the bearing blocks to size.  Following this, we used the Bridgeport to center drill, and then drilled the three holes.  Since the bearing would be press fit into the large hole, we needed to ream the large hole.


There were no problems manufacturing these two bearing blocks, and there were no modifications necessary.  Once the bearings were press fitted however, we hand-reamed the bores in the bearing to ensure proper alignment.

Item 6: Front Axle

Design elements:


Our axle design was primarily based on two functions.  One, it had to be easily secured with the chassis and front wheels.  To do so, we first designated the diameter to be 3/16” steel rod.  This diameter was recommended in the design tips section of the course documents online.  For securing purposes, we put four grooves in the axle for e-clips in order to retain the position of the axle and the position of the front wheels.  Two e-clip grooves were placed between the outer edges of the chassis and the inner edges of the front wheels.  The other two grooves were placed on the outer edges of the front wheels to prevent the wheels from sliding off during the race.  Rich Reiman recommended that we allow a play of the axle of 1/16” inches.  This made sure that the axle was free to roll.


The second purpose of our front axle was to act as a “guide” for the car as it raced down the narrow track.  We made the axle length 8.5 inches (wider than any other part of the car excluding the braking system when deployed) so that it would prevent the dragster from steering off course at an angle.

Manufacturing outcomes:


The front axle was first cut from the 3/16 inch diameter steel rod using the band saw.  Next we used the lathe to smooth one edge of the axle.  After that, we used the lathe again to cut the e-clip grooves.  Finally, the remaining edge of the axle was cut.


The only problem while manufacturing the front axle was that cutting e-clip grooves was a tedious task since the axles are made out of steel.  The groove could only be cut on a thousandth of an inch at a time.  This resulted in a slow manufacturing process for this piece.  Harry explained to us that if the grooves were cut any faster, the axle would either bend or shear since the diameter of the steel rod is relatively small.

Braking System


In designing the braking system of our dragster, our group decided that the dragster should be able to stop quickly, dependably, and cheaply.  That meant the braking system above all would have to be simple.  The fewer moving parts, the less of a chance something could go wrong.  As with the rest of the dragster, a simple design would cut down our manufacturing costs.  While we felt the braking system was very important to the dragster’s success, we were unwilling to design a system that would weigh down the car, as the primary purpose of the car was get down the track as fast as possible.


Having set these parameters, we brainstormed on how this braking system might work.  We were uncertain of the amount of friction the track would provide for braking, so we tended to be conservative in what designs to try.  This meant that we only looked at concepts that provided a quick braking force.  We decided that if the dragster only locked the wheels it would not stop within the three feet allowed.  This is because if all four wheels on the dragster were breaked, the maximum force for braking would only be equal to the weight of the car times the coefficient of kinetic friction.  Since the track is made of aluminum, we realized that the braking force from this type of system would not adequately work.  Therefore, we decided not to design any braking system using that method.

 Looking at this, we decided that a stored energy device such as a spring could be used to achieve a larger force for braking.  Since the car would be only lifted off the track if the spring were released downward, we decided that the car should be braked using the sides of the track.  When the spring is released it would “wedge” the car to a stop.  After looking at various methods of using a spring force to push against the sides of the track, it was decided that a straight push into the wall by the spring would be the simplest and most cost efficient method, while also providing the large force desired to bring the dragster to a stop.  This system would consist of a track in which two “wings” would slide out of toward the walls.  Between the wings would be the spring that would supply the force.  At the start line, the spring would initially be compressed.  When it crossed the finish line, the spring would be released via a release bar causing the dragster to quickly stop.  

Item 7: Wing Bracing

Design elements:

These parts simply connect the two bent up ends of wings.  This way the spring force is transmitted directly though this bracing rather then through the slider portion of the wings, which might cause bending.  Holes were to be drilled in each end of the bracings and corresponding holes were made in the main wing sections.  The hole on larger bent up side of the wing would serve to secure the bracing and hold down whatever type of surface we chose to put on the outside of the wings.  The hole on the smaller bent up side would serve to secure the other side of the bracing but would also allow for a shaft to move freely though it.  This shaft would be centered in the spring and hold it in place.  It would have to slide freely so that the wings could be brought in and extended with the spring.

Manufacturing outcomes:

Manufacturing these parts was relatively easy and time efficient.  The general template for the wings and braces were cut out using a band saw.  Then the holes were marked and drilled on a drill press.  The most frustrating part of the wings constructions was the bending.  They had to be bent to 90 degrees, which put a lot of stress on the bend.  This was especially a problem where the size of the wing decreased in a jump to a smaller size.  The rough cuts from the band saw and this bending coupled to leave cracks at the bends.  Seeing this we wisely decided to manufacture extra wing templates in case one broke.  Unfortunately one wing did break and another had to be bent.  Learning from our first bends we positioned the bends in the metal somewhat away from the cuts, and the resulting bends were much stronger then the original.  


We learned much in the manufacturing of the bend aluminum parts.  We would possibly have chosen a different more pliable material, such as steel, to bend for these parts.  The bends would be positioned away for where the material is downsized.  Once again we could have labeled our holes more clearly in the detailed drawings.  They were often confusing and took away valuable shop time trying to figure out where the measurements were taken from.
Item 8: Braking Wings

Design elements:

The wings dimensions were based upon that of the slider track.  They are each slightly less wide then the slider track grooves.  There length was determined by making each wing half the length of the slider track.  Then figuring the track to be 9 inches wide, each wing would have to extend 1 inch outward to make contact with the wall of the track.  This would leave more then one half of the wings full length inside the track, which would supply ample stability.  One end would bend up and be cut narrow so that it could slide within the track, while the other would just bend up so that it would make contact with the wall.  In order to keep the wings light, they were designed using 1/16” aluminum.  While this kept the wings light, it was realized that they were very susceptible to bending and would have to be reinforced.

Manufacturing outcomes:

When testing the dragster, we experimented with different surfaces such as glue, old tire rubber and rubber bands, to attach to the outside of the braking wings.  The rubber products proved do work the best.  Pieces of old rubber tire worked the best as they could be screwed on to the outside of the wing and didn’t need replacing.  Rubber bands worked just a well in stopping ability, yet had to be replaced frequently as they broke almost every run.  

Item 9: Release Bar

Design elements:

We originally intended for a simple clip to be placed around the spring holding it compressed.  The finish bar would knock it off and the spring would release.  Re-evaluating this idea, we found it dangerous and decided that the clip would have to be secured somehow.  We basically kept this idea yet decided to have it in the form of two bars hinged at the chassis that would be connected together for strength.  These bars would be knocked backward by the finish bar and the portion of the bars holding the spring together would rotate backward releasing the spring and wings.  The distance between the two release bar sides would be slightly larger than the width of the 1 inch chassis.

Manufacturing outcomes:

This release bar was manufactured in the same fashion as the wings of the braking part # system.  The whole release bar piece was cut out using a band saw.  Then the holes were drilled and the sides of the bar were bent 90 degrees to form the part.

Shortly after the bends were made in the part one side broke off because of metal fatigue that had occurred during the bending of the part.  Since we were already skeptical about the strength of this design we decided to redesign the release bar slightly.  We used the two sides of the bar as before but reinforced it by connecting them with a solid block of aluminum.  This would make the release bar a three-piece part, but internally strengthened the system greatly.  This setup proved very strong and has held up well during testing.

Cut off Switch

Finally another component of the Braking System is the cut off switch.  We decided to position this switch so that the release bar would trigger it as it rotated down.  This would cut of power to the engine at the same time the wings were braking the car.  We positioned the switch directly behind the braking system and secured it to the chassis using screws that were anchored though the chassis.

This design looked very practical in Autocad, but when we first tried to work it in reality, it proved difficult.  It was hard to get the switch to line up with the release bar, as the release bar had a lot of side-to-side play in it.  This was fine for the actual braking system, but in order for it to trigger the switch the release bar, it would have to be secured better.  Another problem was that the switch trigger moved in sideways while the release bar came down in a chopping motion threatening to shear off the trigger.  

These two problems were solved by adding washers to each side of the release bar holding screw so that the play was eliminated.  The motion of the release bar was stiffer, but not enough to sacrifice the performance of the braking system.  Rounding the corner of the release bar so that it slid by the switch, pushing it in at the same time, alleviated the second problem.  In testing this system worked effectively, though loosening of the screw holding the bar threatened its operation.  This made it a part of the car that needed to be checked up on before every couple of races.

Overall the braking system worked extremely well and was very dependable though all our trials.  It usually stopped the car in about half the car’s total length.  This left the rear wheels rarely crosses the finish line.  While this portion of the car made up a fairly large portion of our machine time, it was well worth the money for its dependability.

 Item 10: Slider track

Design Elements:

The container for this braking system is the slider track.  Like all the components of the braking system, this too is made of aluminum.  Its primary function is to hold the wings in place and allow them to move out toward the sides of the track.  We realized using this type of holder for the wings would allow us to machine the slider with fairly loose tolerances while keeping down costs.  Moderate side-to-side play in the slider track and the wings would not aversely affect the function of the braking system.  When designing this part we had to take measurements of the track width to see how long to make the slider track.  This part’s dimensions would govern the size of all of the other components of the braking system.  A length of 7 inches was decided on so that the wings would be able to stick out the sides of the track without touching the sides of the 9” wide racetrack.  The width of the slider track would be approximately one inch wide, so that it would not bend from the forces being applied to it by the wings.  The height of the slider would be short so that its weight would be kept down.  The slider would be mounted in it’s center by only two screws, as keeping the track balanced was not a problem because of the equal and opposing forces from each braking wing.

Manufacturing outcomes:

This part would prove to be the most difficult part to manufacture.  While it was not a part that required exotic machines or anything, it did take many different drill bits, machines, and most important manufacturing time.  The decision was made to make it out of a solid bar of aluminum instead of bending aluminum into that desired shape.  First the bar of aluminum had to be cut to its approximate length.  Then it was put on the Bridgeport machine to have the ends cuts to the exact length.  Then using an endmill, the center of the track was machined out.  Following this a bit that was narrow and widened at its end was used to cut the slots on either side of the center of the track.  This was time consuming as many passes had to be taken in order to achieve the correct depth.  Finally the holes were drilled into the bottom of the track.

In designing this part a second time, more care was given to the way hole distances were labeled.  Some of the distances on the detail drawings were confusing and in one case led to some miss-drilled holes.  These were easily corrected but time was wasted and the part could have been wrecked.  In addition to this when designing this we failed to think about how smoothly the spring would operated on top of two non- countersunk screws.  When looking at the part first hand after it was done, we decided that the spring would operate more smoothly if this hole were countersunk.  Overall though the part worked and fit as we had planned it.

Item 11: Rear Axle:

Design elements:


The recommended diameter for the rear axle was the same as the front axle, which is a 3/16” diameter steel rod.  This diameter was recommended in the design tips section of the course documents online.  Our design for the rear axle consisted of two e-clip grooves placed on the inside edges of the bearing blocks to prevent the axle from sliding.  Rich Reiman recommended that we allow a play of the axle of 1/16.”  This made sure that the axle was free to roll.


Additionally, in order to transfer power from the gear to the two driving wheels, three flats had to be designed.  Two of these flats, located on either end of the axle, allowed the setscrew in the driving wheel hubs to grip the axle.  The third flat provided the setscrew in the large gear with an area to grip the axle.

Manufacturing outcomes:


The rear axle was first cut from the 3/16” diameter steel rod using the band saw.  Next we used the lathe to smooth one edge of the axle.  After that, we used the lathe again to cut the e-clip grooves.  Finally, the remaining edge of the axle was cut.


After cutting the e-clip grooves, we secured the axle in a vise on the Bridgeport.  We then used an end mill to mill the three flats for the gear and the two driving wheels.  We had to cut the flats more slowly than any aluminum part since steel is a harder material.


The only problem while manufacturing the rear axle was that cutting the e-clip grooves was a tedious task.  The groove could only be cut one thousandth of an inch deep at a time.  This resulted in a slow manufacturing process for this piece.  

Item 21: Wheel Hubs

Design elements:

Wheel hubs were more of an after thought in our design of the dragster.  Up until the point of when our detailed drawings were approved we were uncertain of how our rear wheels were going to be attached.  Eventually it was decided that the rear wheel were going to be attached using wheel hubs (part 21).  These hubs attach to the plastic Lafayette wheels that we used for our rear wheels.  Then a setscrew is used to stop the wheels from rotating on the axle shaft.  We decided to design these hubs ourselves instead of use already made hubs so that we could shave the weight down.  Our hubs were designed to be lightweight.

Manufacturing Process:

Manufacturing these hubs proved to be more difficult and time consuming than we had planned.  First the raw material for the two hubs had to be cut to size on the band saw.  Then using the lathe, the material was cut down to the diameter of the largest part of our hub.  From there measurements were taken so that the two hubs could be cut from the same piece of aluminum.  Cutting down to the smaller diameter, we cut to the length of the first hub.  Then cutting this hub off, we did the same for the next hub.  The work on the lathe was slow was small amounts of aluminum were taken off at a time.  Each one of the hubs had to be drilled out and reamed for the correct axle size.  Following this work moved onto the Bridgeport.  Three holes in an array fashion had to be placed around the perimeter of the smaller diameter of the hub.  This required a lot of time consuming trigonometry before the hole could be drilled.  This same hole pattern had to be duplicated in the plastic Lafayette wheels.  Finally a setscrew hole was drilled on the Bridgeport and the hole was tapped.  The time for these two hubs to be made was over two hours.


This part of our dragster was probably our biggest machining miscalculation.  The time to make the hubs was not worth the extra weight savings.  The hubs worked fine in all trials but were a minor part on the car and we put much more machining time into them than we should have.  Experience on the lathe was gained though and later parts made on the lathe were easier to work with.

Item 23: The Motor Mount

Design elements:


After a group vote, we decided to add a second motor to our dragster.  We did not have much time left to machine, so we concluded that the only way to add a second motor was to machine just one part.  Luckily, our initial design of the base plate gave us ample room to add the second motor right next to the original one.  With two motors on the same side, we saw that the standard motor mount could not be used.  We therefore designed a new motor mount that was basically two of the original motor mounts put together except for one difference.  We used slots instead of the screw holes that attach the motor to the motor mount.  This design allowed us to actually change our gear ratio and fit both motors without having to change any other part of the dragster.  Without the ability to design the motor mount to fit on the existing base plate and still have room to fit both motors, we could not have added the second motor.  Also, this design allowed us to ensure that both motors properly fit on the large gear since we have the ability to adjust the position of both the small gears.

Manufacturing outcomes:


Manufacturing this piece was straightforward.  We had to cut a 2”x2” aluminum angle to be 3 5/8” in length.  We used the Bridgeport to accurately drill the holes that would attach the motor mount to the chassis and the base plate.  We then used an end mill to make the slots to attach the motor to the motor mount.  Drilling the large clearance holes that allowed the motor to reach the large gear was similar to making the screw holes.

Assembly:


Our entire assembly process went very smoothly.  All of the pieces we manufactured lined up and fit properly with one another.  The only problem we encountered was in our braking system.  One of the wings was mysteriously broken after we left our car in the box.  We manufactured back up parts for the wings in case they happened to break again.

Conclusion:

We believe that before the race day we have optimized our car.  We have designed a lightweight, high powered, low cost, and easily constructed dragster for the competition.  Our car runs a competitive time of 2.7 seconds, and also has one of the lower shop times of the class.  It was designed to stop within three feet, and our design stops the car in half that distance.  We have thoroughly examined all the design criteria and optimized our dragster to meet these criteria.  However, one of the important concepts that we as designers have learned was in the second motor decision.  We effectively and quickly used our cost analysis to make the decision to add the second motor.  We learned to act abruptly and with organization, and our efforts were rewarded with a lower time for minimal cost increase.

For more information about our dragster, please look at our files on the M drive at ME210\PrayForMojo\final dragster.  In this directory we have our 3-D CAD file that was created in Mechanical Desktop, our analysis of the different amounts of batteries and the optimal gear ratio using Mathematica, 3-D graphs of our mathematical analysis in a Word document, three highly detailed animations of our dragster that was created using 3D Studio Max, and also in this folder we have our final report.
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