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I. Introduction
Abstract

Mission Statement
	
We are creating a throttle, whose geometry utilizes the overlapping (convolution) of two areas, which allows the intake to take in air at more constant; thus, giving better feedback to the driver from the engine.

Problem Statement
	The current throttle valve is a butterfly valve, and gives poor feedback to the driver. For example, when a driver presses on the pedal and lets air into the intake the engine does not respond with a directly proportional of power. This makes controlling the car’s speed with accuracy unintuitive. Additionally, the butterfly throttle is not allowed under the new rules because it only features one return spring rather than a minimum of two. To address these issues, other throttle valves are being designed or explored with the goal of a constant change in airflow, as well as incorporating two return springs, in mind.

D. Background

The Intake
 (
(picture with full intake with circle around where throttle is)
)The intake of a vehicle is the system, which lets air into the engine to allow the combustion of fuel. It can be broken up into three main components, the filter, the throttle, and the manifold. The filter prevents unwanted particles from entering the engine, and is mounted on top of the intake. Below the filter is the throttle, which is directly connected to the driver’s gas pedal. The throttle is a valve which opens to allow air into the manifold in relation to how much the driver presses down on the gas pedal. Lastly, the manifold is where the incoming air stream is split four ways to go into the four cylinders of the engine. 


Butterfly Valve
The throttle valve currently in use by the Cooper Motorsports is a butterfly valve. A butterfly valve is the general valve of choice for most automobile engines. The disk in the center of the butterfly valve rotates on a hinge in the center, and is directly connected to the throttle cable, which is connected to the gas pedal. As the driver depresses the gas pedal, the cable actuates the valve and rotates the disk, which creates more area for the air to flow through the intake; thus, allowing the car to accelerate (see figure serious of picks butterfly opening). Although this design is functional, and widely used, it has one significant flaw: as the driver pushes further on the gas, the area through which the air flows does not change linearly. Modern cars overcome this issue through the use of electronic aides, but FSAE rules dictate that the throttle must be a purely mechanical system (one without any electronic devices.)
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Convolution of Areas
A novel design for the throttle geometry was necessitated. With linearity in mind, the concept of using the convolution of two areas, specifically circles, for the new throttle became the main focus. Convolution is the measure of shared area between two functions (or “signals”). As one area shifts horizontally with respect to time (or some other rate) over the other area, their overlapping area changes linearly; therefore, convolution is the central concept through which the novel throttle was designed.

II. Design Process
A. Initial Concepts

Several concepts for new throttle designs were considered and evaluated: the main four concepts were a shutter valve, butterfly valve, swinging valve, and convolving valve.

Shutter Valve
A shutter valve looks and works similarly to a camera lens shutter; hence the name. Made of several small plates that are connected to each other, the shutter valve works in a way such that as the driver pushes further on the pedal, the plates expand outward, and as the plates expand, the radius of the hole through which the air flows increases.

Butterfly Valve
(See section I.D.Butterfly Valve) leave this
(add photos from power point of butterfly valve, with different stages of opening)

Swinging Valve
The swinging valve is a design that produces a change in the airflow area, as a circular plate swings open radially on a hinge (see figure opening swinging valve). The circular plate itself has the same diameter as the outer diameter of the intake manifold; thus, disallowing all airflow through the valve. The driver pushes on the pedal that is connected to the circular plate via cable to make it swing open. (photo from PowerPoint of swinging valve, with different stages of opening)

Convolving Valve
A novel idea, the convolving valve is a real world assembly of the idea of the convolution of two areas. The two main components are the bottom plate and the sliding plate. The sliding plate is directly connected to the driver pedal via cable, and as the driver pushed further on the pedal, the sliding plate moves over the bottom plate to reveal an area through which the air can flow, (see figure…).
(photos from PowerPoint of convolving valve opening)





B. Selection Process

Shutter
 
A shutter valve was among some of the earlier concepts considered (see figures) for development. It was envisioned for the shutter valve to be composed of five or more plates; each plate having a circle cut out of its center. One plate would have a circle whose diameter matches the maximum area through which the air can enter the manifold: 40mm (as stated by 2013 FSAE rules). The next four plates would then have progressively smaller circles cut out of them (see figure blah). These five plates would then be cut in half to form ten semi-circle plates, and stacked symmetrically into stacks of five as seen in figure blah. An upward ridge would then be machined onto the semi-circle part of the plates. Two springs, as required by the 2013 FSAE Rulebook, would then be attached onto the bottom semi-circle plates and connected to the pedal cable via a method that was not discussed at the time. As the driver would push on the pedal, the springs would pull back both bottom semi-circle plates revealing a larger area, and as he/she kept pushing the pedal the plates would slide back further and catch onto the plates above them.

The shutter valve idea was quickly discarded because it was predicted that creating a shutter valve would become problematic in the manufacturing stage. It would have been composed of many fragile pieces, and tracking the area of airflow with a sensor would have been too difficult. Furthermore, there are no simple means of predicting the change of airflow area with a shutter valve due to the irregularity of its predicted shape.
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(figure … 1)
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(figure … 2)


Data Collection
[bookmark: _GoBack]	We collected data by mapping the motion of each valve opening, and measuring the exposed area through which air could flow with respect to an increment of the valve’s motion. For the swinging and butterfly valves, the incrementing factors were degrees of each valve turning in their own way. For the convolving valve, the incrementing factor were percentages of the radius of the circular area being revealed. 

· Butterfly Valve
The butterfly valve’s primary purpose was to act as a control. The focus of the project from the start was to create a novel throttle valve that would give the driver a more linear feedback as he/she pushes on the pedal. It was known that the butterfly valve did not comply to this need, and the data collected of the change in airflow area over an increment of ten degrees at a time given by the chart in figure II.B.1 supports our conclusion that a butterfly valve would not be an adequate throttle to use in the intake.


Figure II.B.1
· Swinging Valve
The swinging valve was the first concept considered when the convolution of two areas became the primary focus in the fabrication of a new throttle valve. A circular plate with a diameter equal to that of the maximum airflow area of 40mm would be connected to the intake by a hinge on the manifold. A full design concept was not drawn until further study of whether or not the swinging valve produced a linear change in area. After collecting data, see  figure II.B.2, it was concluded that the swinging valve also showed no promise of producing the linear change in airflow area that we wanted.

   Figure II.B.2
· Convolving Valve
The second concept that involves the convolution of two areas, the convolving valve, uses a linear change in the overlap between the sliding plate and the valve as opposed to the radial change in overlap of the swinging valve. It was assumed that this concept would give us the linear change in area designed, and the data in figure II.B.3 supports that claim.

Figure II.B.3
· Final Choice
The convolving valve was chosen to be the best valve concept to use based on the data collected above. All further design, implementation, and fabrication of the new intake throttle was grounded upon the convolving valve.



















Optimization

	- Design 1 – Semicircle Plate

[image: G:\Final Paper Graphics\Design 1.JPG]

	Our initial design is a sliding plate with a semicircle cut of one side encased by two aluminum plates. Aluminum was our first choice because it wouldn’t be prone to warping like plastic, and is stronger. It is also lighter than steel and cheaper than titanium. At this stage a material for the sliding plate was not chosen, but we knew it had to be a machinable and low friction material so it could slide between the two aluminum plates with ease and without the use of a lubricant that could get into the intake and harm the engine.
	The way this design functions is that the slider is pulled into a position that completely covers the throat (air passage) of the intake by two springs. A cable pulls the plate across the opening and the air passage is revealed and then pulled back by the springs whenever the driver eases on the pedal. This design is functional, and achieves the linear response we were looking for, but is problematic because the semicircle allows a significant amount of air to escape into the cavity that the plate slides in. This is undesirable because it is less air going into the engine, and could interfere with the sliding plates motion by creating turbulence inside the throttle

	- Design 2 – Completed Circle

[image: G:\Final Paper Graphics\Design 2\Throttle 2.JPG]

	To remedy the issue of air escaping we changed from a semicircle to a full circle cut out of the middle of a plate. This allows the plate to block airflow into the sliding plate cavity. At this stage we also determined our sliding material to be teflon because it has a very low coefficient of friction and is machinable. Graphic (herpityderp) also features pipe attachments with ribs. This is because we began to consider how the throttle would mount onto the manifold. The butterfly valve has a pipe on either side of which can fit into the manifold’s throat below, and an air filter above it. These pipes would function the same way except are problematic because the ribs wouldn’t let them slide in the manifold, and ultimately proved unnecessary because they were reinforcing an area that does not experience great force.

	- Fasteners
	Several methods of fastening a cable to the sliding plate were explored. Three designs were proposed: plates on either side of the slider which are also fastened to a ferrule, a bent piece of metal which hooks through the slider, and a cutout out in the slider which a Bowden cable is pressed into.

[image: G:\Final Paper Graphics\Design 2\Clip and Pins.JPG]

	This idea was discarded because it would defeat the purpose of a low friction slider since the plates and pins connecting them were proposed to be made of aluminum which would create friction. Additionally, manufacturing this fastener would be difficult because it was many parts, and there were no easy ways to connect the plates to each other and to a ferrule.

[image: G:\Final Paper Graphics\Design 2\Hook.JPG]

	A piece of metal hooking through the slider solved the problem of connecting the plates and manufacturing multiple pieces. However, there was still the issue of connecting the fastener to a ferrule and potential friction problems.

[image: G:\Final Paper Graphics\Design 2\Bicycle Cable.JPG]

	This method is the best and the one we used because it involves no fastening devices. With a CNC machine we cut channel into the sliding plate. The car already had a Bowden cable with metal bead at its end, which was connected the gas pedal. So the channel cut was designed to let this bead embed itself. An assembly as simple as putting the circle piece in the circle hole.
		
	- Design 3 – Spring Routes

[image: G:\Final Paper Graphics\Design 3.JPG]

	In this iteration dimensions were minimized to cut down on material, yet still give the clearance for a slider to cover and reveal a 40 mm hole. We also decided to put the springs in their own channels so that had a defined path of motion would restrict any travel in undesired directions. This is necessary because springs vibrate easily. This design was functional and did exactly what we need it to, but we did not settle on it because it was too long. At seven and a half inches total length, it gave a three and a half inch over hang one side. We felt this overhang gave great leverage to things that could hit the throttle, and made it easily destructible. 

	- Design 4 – Springs Mounted on Top

[image: G:\Final Paper Graphics\Design 4\Design 4.JPG]

	To make things more compact we moved the springs above the sliding plate and mounted them in channels inside the cover plate. This took an inch and a half off of the total length and made the object nearly symmetrical. The overhang was reduced to about two and a quarter inches. Going along with our design overhaul we also changed the material of the sliding plate to polyethylene. This design still incorporated the basic principles of design one, in that it used two springs to return a sliding plate to close position. Except now with the springs in channels above the slide we had to connect them to the sliding plate somehow. We did this by press fitting pins into the slider. We did this because these pins would interact with the springs above. The whole thing is then screwed together with the three holes.

	










- Sensor

[image: G:\Final Paper Graphics\Design 4\Potentiometer.jpg]

	In order for the control systems group to track the position of the throttle, and in turn how much air was going into the engine, we had to incorporate a sensor which would track the slider’s position. The sensor we chose was slide potentiometer because this sensor tracks translation easily by interpreting the resistance changes of a pin translating. By fitting this pin into our slider we can track the slider’s motion relative to a zero point, such as, throttle open or closed. In finding a slider we wanted to restrict its width so it did not interfere with the air passage and that it had enough slide length to track the sliders full motion. This brought us to a potentiometer with 60mm slide distance that was thin to be mounted on the bottom of the throttle without interfering with the air passage. 

[image: G:\Final Paper Graphics\Design 4\Potentiometer Slot.JPG]

A slot was cut in the bottom plate of the throttle, and space for the potentiometer pin to fit into was cut out of the slider.

	- Design 5 – Final Adjustments

[image: G:\Final Paper Graphics\Design 5\Exploded Assembly.JPG]

	Before manufacturing we made some final adjustments to the thickness of the top plate. We felt the channel falls were too thin as well as the plate as whole. At its thinnest points the top plate was .05in and we felt this was dangerously thin and would cause warping in manufacturing and that it made the parts too fragile. So we made the channel walls thicker as well as the top plate itself. On the bottom plate we made threaded holes for screws and made them through holes. Additionally we made a threaded hole on the side for a barrel adjuster to come through. A barrel adjuster is necessary to separate the Bowden cable from its sheath and prevent it from wearing.
	Figure (the one right below) gives a better view of how the springs attach to the top plate. The springs sit in the channels, and the holes on the left end of the channel are for pins that springs are mounted on.
	
[image: G:\Final Paper Graphics\Design 5\Spring Plate.JPG]

- Final Notes
	The manufacturing of the sliding plate went awry, so we replaced it with a nylon plate because it was free, and actually had a smoother surface that would slide better.


IV. Conclusion

Budget
	Here is our budget table. Proudly, we saved the Earth and recycled most of our materials. These prices come from McMaster Carr and Mouser.
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Here in figure (the one below) are all of our components laid out.
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(figure …)

Analysis and Conclusions
	Although we have not yet collected any data from the new throttle, we are confident in its design. Designed with motor sports in mind, it is fully mechanical and easy to assemble, repair and manufacture. We set out to make or find a throttle which improved driver feedback, and, based on the data we took of air flow area being exposed as the valves open, we found that the convolving valve gave the best feedback to the driver. Additionally, we needed a design which incorporated two return springs. In conclusion, we have addressed both of these issues, and did so economically. However, the time it took to finish the throttle felt too long. If we were to do this again we would laser cut to make more models rapidly and economically. This more frequent modeling we think would have allowed us to reach a final model faster giving us time to do stress analyses and minimize the material use and therefore the weight.

Looking Forward
	The next steps we plan on taking with this project would be test the convolving throttle against the butterfly throttle on the actual engine. Although, the convolving throttle is predicted to give better drive feedback our aerodynamic analysis was not very thorough. As the throttle opens there is potential for air to flow around the moving pieces in a way that makes the throttle inefficient. Only through actually mounting and taking data on the throttle position and power output from the engine can we truly see how effective this throttle is. These tests could reveal design issues we have not predicted or accounted for. From here we would either declare the throttle finished, or redesign the sliding piece and edges that air flows past with aerodynamics as the primary focus.
	Some other fixes would be the removal of excessive thickness in some of the throttle’s features. Once we have a better understanding of the forces on the throttle we will be able to remove material in a very meticulous manner to lessen the weight of the throttle, but maintain a satisfactory level of safety.
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Materials Price What We Paid

3/8in. Aluminum Plates $32.74 per 3 ft. $0.00

40mm Aluminum Pipe N/A $0.00

1/4in. Polyethylene Sheet $5.00 $5.00

Springs $8.00 for 12 $8.00

Potentiometer $2.31 $2.31
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