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1.0 Abstract/Scope
1.1 Problem Definition

To develop a suspension system for the new FAMU-FSU Formula SAE team.  The new body for the formula car presents a unique challenge not encountered by previous teams at this school.  The front section of the car is a carbon fiber composite matrix, where an aluminum honeycomb is sandwiched between two carbon fiber sheets.  The challenge therein lies in the fact that we have not had previous experience in design and fabrication of metal tubing on a carbon fiber monocoque.  The rear end of the new FSAE car is a traditional tube-frame, for the sake of motor support.  This means the design of the rear end of the car will be simpler than the front.  

During the course of an FSAE competition a competing racecar will be subjected to a variety of performance challenges, in which the suspension of the car will be a key factor in the success of the said vehicle.  These challenges include a drag race, tilt table competition, and high performance road course.  These tests quantify a racecar’s static and dynamic ability to keep the vehicle’s tires planted to the ground for maximum performance.  

The drag race is a straight-line 1/8 to 1/4 mile linear acceleration competition.  This is considered a dynamic test of the racecar’s suspension.  Here, lateral acceleration is not taken into consideration.  Since this is the case, the characteristic forces acting on a vehicle in a drag race are as follows: squat, dive, driveline lash, and forces on the car due to imperfections from the drag strip.  Squat is defined as the loading on the rear end under hard forward acceleration.  Dive is defined as loading on the front of car under hard deceleration.  Driveline lash is the unsettling of the racecar during shifting under throttle.  Forces on the car due to imperfections from the drag strip are just that; bumps and dips on the course that unsettles a racecar.  To handle this situation rear shocks with adjustable damping, and damping lockout features will be needed to adjust the shocks for the road conditions.  

The tilt table is a competition where a competing vehicle is placed on a rectangular table that has the capability to rotate a car along its longitudinal center of gravity.  This challenges a vehicle two ways.  First, at 45degrees of rotation, it will become known whether or not a team’s racecar has any fluid leaks.  Second, and vital to our team’s goals is the stability test.  The table is rotated to a staggering 57 degrees.  At this angle the vehicle sustains a simulated 1.5 g’s of corning force.  To pass the tilt table test a car must be able to keep all four tires on the ground.  One of the first considerations then facing a test such as this is the track width of the car.

The tire size is important at this stage of the design since the height of the tire must be known before the suspension geometry can be determined. For example, the tire height for a given wheel diameter determines how close the lower ball joint can be to the ground if packaged inside the wheel.

  The high performance road course is an autocross event consisting of one lap of the track to determine the fastest cars and their positions for the endurance event.

From the tests that the vehicle will go through, the suspension is one of the most vital factors of the vehicle design. The design for the front and rear suspension, the selected shocks, and the materials that been chosen will determine how well the vehicle will perform in the aforementioned tasks.  Due to the fact that the front body of vehicle is made from a carbon fiber material, the suspension has to be designed to be compatible with the material of the body as well as being an effective suspension for the three tests at hand.

1.2 Design Goal and Objectives

The purpose of the Formula SAE suspension is to design and implement a usable suspension to excel in the three tests at the Formula SAE competition.  These tests include a drag race, a tilt table test, and a high performance road course.  The specifics of these three tests were previously described in the project scope.


In order to achieve success in the design project the team needs to research possible solutions to designing an effective suspension, apply the knowledge gained from this research to design the suspension, test the loadings and abilities of the suspension, and improve on the design based on these tests.  Components of the front and rear suspension needed include upper and lower control arms, shock absorbers, springs, sway bars if necessary, application of the brakes and steering setups to the suspension design, as well other components specific to the vehicles individual needs.

Control Arms (upper and lower):

· Material selection here will be based primarily on the weight and strength of the material
· Material Selection also based on its ability to be securely coupled or joined to itself as well as other materials
· The team must also determine the optimal geometry of the control arms to both support the race-weight of the vehicle as well provide optimal performance
· Secure mounting of the upper and lower control arms to the carbon fiber body of the vehicle for the front suspension and the steel frame in the rear suspension to ensure optimal travel and load control
· The design of the control arms must also include maximum adjustability in order to tune the suspension for a given task at hand
Shock Absorbers:

· Research and selection of the shock absorbers in the vehicles suspension will be based primary on the aspects of adjustability and the shocks ability to control the movement of the vehicle during both compression and rebound

· Must determine how the shocks will affect both the sprung and unsprung weight of the vehicle to allow for optimal clearance of both the vehicle and the driver, and well as optimal suspension performance

· Testing of the vehicles suspension for the given loads the vehicle will endure in performance situations will help the team determine the proper dampening rate the selected shock absorber must have, as well as the optimal ranges of adjustability the team desires

Springs:

· Spring research and selection must be done in collaboration with the shock absorber research and selection as these two aspects of the suspension work hand in hand

· Springs must be able to support the vehicle in at a stand still, as well as during straight-line acceleration, braking, and corners in order to work with the shock absorber to allow for maximum traction and optimal ground clearance, and reduce body roll, dive, and squat

· Mounting of the selected springs must also be determined as there are many options available such as “coil-over” type setups to allow for compactness and adjustability, or mounting the shocks and springs separately

Mounting:

· Rear suspension of the vehicle will be mounting to a chromoly tube frame using conventional methods such as welding tabs to the frame and mounting the suspension pieces to them using bolts and spherical rod ends to allow minimal deflection and maximum adjustability and angular travel

· Front suspension will be mounted to the carbon fiber and aluminum composite body of the car

· Team must research and determine an effective way to accomplish this to allow for maximum strength at the connection, ensure that the carbon fiber body doesn’t collapse within itself upon loading, and also allow for maximum adjustability and angular travel as well

Misc Needs and Considerations:

· Steering, braking, and drivetrain systems must be considered in suspension design

· Team is not responsible for designing these systems, however there application must be taken into effect upon designing a usable suspension since they are physically located very close to and work hand in hand with the suspension setup

· Design and mounting of the control arms and shock/spring combinations must allow for adequate clearance for both the braking and steering systems, as well as the driveshaft setup, to ensure that all the systems act together as a unit to provide optimal performance, as well as ensure that the suspension, steering, braking, and drivetrain systems do no infringes upon each other as well as the driver

· By researching and designing something such as a front adjustable wing to both apply downforce to offset the extremely lightweight vehicle front, as well as to protect the front suspension from objects such as cones as the vehicle performs on a race track

Sway Bars (anti-roll bars):

· Team must also determine is the vehicle could benefit from the application of a front and/or rear sway bar

· Anti-roll bars help control body roll of the car during cornering

· If the shock/spring combination can effectively control these aspects of the vehicles performance, that the idea of a sway bars can be dismissed because they will only add weight

Researching and designing based on these needs above will ensure that the team designs a usable and optimal suspension for the Formula SAE car.  This suspension will have the needed adjustability to be altered to differing race conditions, the strength to withstand the high stresses of a race environment, and as well as the ability to control the vehicle in the all the applied to test to ensure maximum performances.

1.3 Design Concept

The suspension to be used on the new carbon fiber monocoque body formula SAE car is the standard double wishbone suspension.  The double wishbone suspension system is the system most commonly found on Formula One racecars.  The double wishbone suspension system consists of an upper and lower control arm.  The control arm is nothing more than an A-shaped tubular body, which connects to the steering spindle.  The control arms constrain the wheel assembly to motion only in the vertical direction.  The lower control arm is linked to the shock assembly via a hollow pushrod.  The shocks will be mounted parallel to wheel travel to allow maximum absorption of forces.  Figure 1.3.1 is a labeled diagram of the proposed suspension design.
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Figure 1.1:  Suspension Assembly Diagram


1.4  Materials Selection
There are several materials, which can be used for the construction of the suspension control arms.  The three materials being considered for this particular application are chro-moly tubing, aluminum tubing, and carbon fiber tubing.  Each of these materials has different properties.  The material chosen for the design must be best fitted for a vehicle suspension system.  

Table 1.1: Materials Selection Chart:

	
	Weight 
	Strength 
	Ease of Assembly
	Cost

	Carbon Fiber
	3
	2
	1
	1

	Aluminum
	2
	2
	2
	2

	Chro-Moly
	2
	2
	3
	3


From Table 1.1, one can clearly determine that chro-moly is the best-suited material for this particular application.  The only advantage carbon fiber has over the metals is its weight.  Carbon fiber is by far the lightest material choice, but it is also extremely hard to assemble and it is quite expensive.  Carbon fiber has the highest tensile yield strength of all the materials, but its multidirectional strength is quite limited.  This high tensile yield strength is why carbon fiber has been chosen for the pushrod assembly.  There are only two connections required for the pushrod, and there are no angled assemblies, which makes for rather easy assembly even with carbon fiber.  The aluminum was the second choice for the suspension material, but the higher cost and harder assembly are not worth the savings in weight.  Chro-moly is by far the cheapest and easiest to assemble of all the materials.  Since the SAE team is equipped with a MIG welder, chro-moly assembly will be both inexpensive and easy.  

1.5 Monocoque Body Attachment
The control arms have previously been attached to the tubular chro-moly frame via mounting tabs welded to the tubular frame.  Since there is no internal frame in the monocoque body, the control arms must be directly mounted to the carbon fiber body.  The use of custom designed mounting plates will be required to evenly distribute the load of the control arms over a 4 square inch mounting surface.  Each control arm mount will consist of 4 bolts, one 2in x 2in steel plate, and one 2in x 2in steel plate with welded mounting tab.  These 2in x 2in plates will evenly distribute the load across the carbon fiber shell.  

2.0 Introduction

2.1 Goals/Objectives


The Formula Society of Automotive Engineers (FSAE) competition held annually attracts one hundred and twenty school auto racing teams and locks them in contention of best car designer and builder.  The type of the car and major dimensions designated are mandated by the FSAE governing body.  Within the competition there are three dynamic contests in which a school races its entry: the acceleration event (a drag race), a skid pad competition (lateral g assessment), and an autocross (small road course).  Finally there is one static assessment in the competition, which tests a car’s suspension known as the tilt table.  Due to the nature of the events, suspension performance is the cornerstone to the success of all dynamic contests.  Therefore the goal of the team is to build a suspension system with comprehensive and adaptive performance capabilities, which excel in all the FSAE competition trials.
Acceleration goal:

The first contest in the FSAE competition is the acceleration test.  This is essentially an 1/8 mile drag race in which the car that passes in the least amount of time wins.  One may assume that success in this contest rests solely on the drive train components of the car, yet this is not the case.  In order to create the sort of performance that wins races, the power from the engine needs to get to the ground.  The team’s design must be compliant to the fore and aft rebound and compression that is associated with a typical drag race.  Therefore the team must design the front suspension must rebound as much as possible to aid in lifting the front of the car, while the rear suspension must compress as much as possible over the drive wheels.  This transfers as much vehicle weight as possible to the rear drive tires where most traction may be realized (as shown in figure 1).
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Figure 2.1: Note the body-lift at the front wheels, and the body-squat at the rear.  This is due to forces of acceleration and fore/aft rebound and compression of suspension respectively. 

Skid Pad goal:


This competition dynamically tests an entrant’s ability to adhere to a road surface.  Note figure 2.2.  
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Figure 2.2:  This is an example of an FSAE car participating in the skid pad test.  Of all contests in the competition this is, mechanically and dynamically, the harshest on a team’s car.  Observe the front chassis flex, and the extreme negative camber in the right front wheel.


Many handling qualities of participant’s car are assessed with the skid pad trial.  Some of which include a car’s twitchiness during at the limit cornering, over/under steer, and body roll.  The three forces, which most affect a vehicle negotiating a curve, are the forces due to lateral acceleration, friction, and tangential acceleration.  The macroscopic affect of the three forces is to lean the vehicle in the opposite direction of its maneuver (body roll).  This promotes deviation from the driver’s intended path of travel.  It is the job of the senior design team to account for the dynamics of a car in this harsh test and design the suspension accordingly.

Autocross goal:


The autocross event is the most dynamically comprehensive of all contests of in the FSAE competition, combining elements of acceleration, lateral traction, and braking it taxes a car completely, if not as brutally as the skid pad.  To achieve success in this competition the formula team must design the suspension for quick steering response, minimal front squat under braking, and good behavior towards throttle changes during turning maneuvers.  
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Figure 2.3:  In the track above notice the quick right to left chicane, which demands participant vehicles to exhibit excellent turn in, and transitional response.

Tilt Table goal:


Being the only static competition in which tests the suspension system, the tilt table serves two purposes.  A competing car with driver is placed on a rectangular table large enough to accommodate the track and wheelbase of the vehicle (figure 4).  The table is then rotated about its longitudinal direction until it reaches 45(; this will determine if the car has any gross fluid leaks.  Following that, the car is then tilted again to a staggering 57( to see how the suspension loads the weight of the car over the tires.  Not only that, the severe angle at which the car is finally tilted recreates a lateral loading of nearly 1.5 g’s on the tires. This means, in terms of suspension design, the geometry has to be strong enough to handle the resultant force of the driver and car’s mass along with the acceleration. 
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Figure 2.4: Severe angle (57() testing of a formula car.  Observe the strain on the driver.
2.2 Motivation


The motivation behind this senior design project is simple.  The FAMU-FSU College of engineering has performed very poorly in the past.  In fact the College of Engineering has not even participated in the last two FSAE events, and yet somehow managed to earn a total score of –100 points in the last FSAE competition.  The prospect to campaign a successful FSAE race car in the 2004-2005 season is very exciting.  By finalizing an effective suspension design, future FSAE teams will have a solid platform on which to race, and later perform research and development.

2.3 Specifications/Needs Requirements

Shown below is a table of the required specifications related to the suspension system on a Formula SAE racecar.  

	Vehicle Attribute
	Minimum
	Maximum

	Wheelbase
	60 in
	Team Choice = 76 in

	Ground Clearance
	2 in
	Team Choice = 2 in

	Wheel Travel
	1 in
	2 in

	Wheel Diameter
	8 in
	Team Choice = 20 in

	Front Track Width
	Any
	Team Choice = 60 in

	Rear Track Width
	No less than 75% of front
	Team Choice = 52 in

	Vehicle Mass
	0
	500 lb

	Torsional Deflection
	0
	Team Choice

	Bending Deflection
	0
	Team Choice

	Lateral Acceleration
	0.9 g
	8 g

	Vehicle Cost
	$0
	$25,000


Table 2.1: SAE sanctioned minimum and maximum parameters participating teams must follow.

The first specification is that the wheelbase of the vehicle be no less than 60 inches.  The wheelbase is defined as the distance from the center point of the rear wheel to the center point of the front wheel, measured from the tire/ground contact patch.  Considering the diverse driver dimensions within the FAMU-FSU College of Engineering SAE club, the current formula car chassis was designed larger than last year’s vehicle.  That created a need for a larger wheelbase to accommodate the formula chassis.  A vehicle wheelbase of 76 inches was chosen to provide ample fore and aft stability.  This also provides for smoother tracking through a corner as opposed to a vehicle running an FSAE mandated minimum wheelbase.  


The track width, or the lateral distance between the centers of the tire on the left side of the car to the right side was kept at 60 inches in the front of the car. There are no hard specifications for the track width of the vehicle; other than the minor track width must be 75% of the major track width.  If the track widths were drastically different, this could cause sever handling and safety issues with the vehicle.  Typically, the front of the vehicle has a smaller track width due to the engine location in the rear of the vehicle.  This smaller track width at the nose of the vehicle allows for increased steering response, and improved handling on the track (note figure 2.5).  


In this case a smaller track in the rear was selected for two reasons.  First it promoted greater tendency towards over steer.  That will counteract the under steer tendency, which would occur due to the FSAE car’s extremely light front end.  Second, it would facilitate rear end rotation should the car need to negotiate sharp corners.
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Figure 2.5:  A general schematic of wheelbase (right-lower), rear track (left upper), and front track (left-lower).


The ground clearance of the vehicle must be no less than 2 inches.  This ground clearance requirement is a safety issue, which is precautionary in case of debris on the track, and in case the suspension on the vehicle may “bottom out,” in other words, the bottom of the car coming in contact with the ground.  That means ground clearance is both a specification and a need.  With that in mind, ground clearance was decided on 2 inches because less suspension travel means less vehicle lean and therefore a higher skid pad rating for the overall vehicle.  This means the vehicle will be able to handle higher speed turns.


SAE regulations state that the wheel must be no smaller than 8 inches in diameter.  The wheels currently in use on the formula car are 20 inches in diameter, and no change is planned for the wheel sizing.

The only requirement on the mass of the vehicle is that the vehicle will not exceed 500 lb.  This weight requirement will not be a problem due to the fabrication of the lightweight carbon fiber front-end monocoque body currently in use.  The only need is that the mass be allocated in the spirit of evening out the weight distribution.  The front end of the car is so light, there are some doubts as to whether the amount of weight in that area of the car is sufficient to produce usable traction.  By designing the front suspension larger than the rear, more weight will be placed towards the front of the car.


The bending and torsional deflections are not currently an issue due to the nonexistence of maximum requirements.  The deflection is going to be significantly less in the body due to the use of a carbon fiber monocoque instead of the more traditional chro-moly tube frame design.  Note the deflection of the tube frame in figure 2.  


The final price invested in the vehicle is not to exceed $25,000.  Currently, the suspension for the new design should cost approximately the same as the suspension currently in use on the vehicle.  The materials cost will be approximately the same; the only difference being the design and construction of the new suspension system for the monocoque body.  

2.4 Definitions

Camber angle: The angle between a tilted tire, from point of view behind the wheel and a vertical line extended from the tire contact patch normal to the contact surface [1].  See figure 6.  Increasing the camber angle promotes better lateral acceleration, yet hinders straight-line acceleration, so an optimized solution had to be reached.
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Figure 2.6: Schematic of tire camber angle.

Castor Angle:  Causes the wheel to rise and fall with steering input.  Depending on the caster angle, a vehicle may lean in the opposite direction of steering inputs [1].  See figure 7.
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Figure 2.7:  Note how the caster angle will affect the vehicle chassis as the wheel is turned.

Toe angle:  Describes the alignment of the wheel, as viewed from above the vehicle, figure 8, and can dramatically affect the handling of an automobile.  Not only that, unnecessary toe angle will rip away the life span of affected tires.
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Figure 2.8: Three examples of toe.


For the following definitions, refer to figure 9.

Shock: A mechanical device that dampens motion via a spring and closed piston-cylinder device usually filled with oil, or a pressurized inert gas.

Bell crank:  A structural member in the suspension assembly, which changes the direction of mechanical motion.

Pushrod:  Structural member which transfers wheel motion to the bell crank and shock.

Control Arm: Structural members which stabilize the wheel and limit the degrees of freedom.

Tie rod:  Usually an unstressed member, which transfers motion input from the steering wheel to the front wheels.

Sway bar:  A stressed member that takes motions from one side of the car’s suspension and transfers it to the other side, thereby limiting body roll.
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Figure 2.9:  The basic setup of the front suspension demonstrating the major component to the suspension set up.

3.0 Background

Carbon Fiber Monocoque:  This the body to which the suspension system is attached to.  By itself, the carbon fiber (CF) sheeting would not be sufficient to handle the forces induced by the FSAE car.  This is because CF is anisotropic, which means it is strong in one direction, in this case the direction of the material weave.  Said strength notwithstanding, any force that is normal to the CF sheet will possibly damage structure.  The solution utilized is a CF aluminum honeycomb composite sandwich, shown in figure 3.1.
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Figure 3.1:  Here is a picture of the exact material used for the monocoque body.

The idea behind the monocoque is to combine the frame and body of a vehicle into one unified stressed member.  In principle, the weight of vehicle in question will decrease because of the absence of a metal frame.  The build quality of the monocoque is usually superior to that of a tube frame as well.  Since the CF composite is used in the monocoque, it is structurally stiffer when compared to a tube frame vehicle of comparable dimensions.

3.1 Front Suspension Solutions:


Upon initiating the senior design project, the team met and discussed how the suspension system should be executed.  The first idea, outboard shock assembly and upper/lower control arms was quickly and unanimously discarded.  The reason behind the decision was simple.  Why add weight towards the outside of the vehicle, and begin disrupting the center of gravity?  Also of note, the design team desired to take advantage of the large volume within the 2003-2004 FSAE car in the names of streamlining and design elegance.


In order to achieve those three self-set criterion, it was quickly decided that the shock assembly for both right and left sides of the car should not only be set inboard, but parallel to the longitudinal direction as well.  At first the plan was to mount small steel plates to sandwich the CF composite at four points of control arm mounting points and act as brackets on either side of the car.  Following that, the idea was to attach a bracket at the top of the monocoque and set up the whole shock assembly at the top of the foot tunnel.  The pushrods would travel through holes drilled into the monocoque and actuate the shocks via bell cranks.  The problem with this second idea lies in accessibility, or the lack thereof.  It would be too difficult in terms ease and efficiency to maintain and modify the shock assembly when it would be in the car as shown.  That idea was about to be scrapped up until the point an idea had surfaced.


It would be possible to cut a section off the top piece of the foot tunnel monocoque such that on removing the cut piece an easy path would be realized.  The removed piece could then by reattached through the use of Zeus clips.  On top of that, two slabs of CF composite would be epoxy to the inside surface of the monocoque creating a chamber in which the shock assembly will be mounted.  This affords the suspension team ease of work, the driver safe isolation from the shock assembly, and the car added stiffness from the structural bracing.  This is the most effective method for handling the front suspension, and will more than likely afford the best results.  Note figure 3.2.
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Figure 3.2:  The red line denotes which section will be removed and reattached with Zeus clips, while the inlayed CF composite frame of the chamber.
3.3 Rear Suspension Solutions:

The rear suspension proved to be a much easier task to tackle than the front setup.  This is mainly because the rear end is fashioned in a traditional tube frame construction.  Included in the tube frame is the rear suspension mounting tabs, which have already been welded on.  This expedites the team’s work in which all that had to be calculated were rear end control arm lengths, repositioning the shock assemblies to a parallel position, and adding a sway bar.  See figure 3.3.
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Figure 3.3: Isometric view of rear suspension assembly

4.0 System Design
4.1 Suspension System Selection

     There exist numerous combinations of possible suspension systems in the design of a race vehicle.  A track racecar must be agile, maneuverable, quick, and responsive.  There are two basic types of suspension setup: solid axle and independent suspension.  



Figure 3.1: Solid-Axle Suspension
The above picture is a top view schematic of a typical solid-axle suspension system.  The suspension system consists of a solid axle connected to the spindles of both wheels.  This suspension system is extremely strong, yet is also bulky and provides for insufficient handling capabilities.  Being as how the axle is a solid object, when the vehicle is subject to centrifugal forces the tires will not remain in full contact with the ground, and hence will produce unsatisfactory camber angles.  Since the camber angles directly affect the amount of surface area of the tire in contact with the ground, high camber angles produce poor handling conditions.

     The second type of suspension system taken into account is the independent suspension system.  
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Figure 3.2: Independent Suspension System

In an independent suspension system, each wheel is allowed to move independently of all other wheels on the vehicle.  Rather than being attached to the frame via a solid axle, the wheels are attached to the frame by a system of two control arms.  These control arms constrained the wheel movement to a circular motion in the z-direction.  Unlike a solid axle, when an independent suspension system vehicle leans, the camber remains nearly zero degrees; this allows the tire surface to always maintain maximum contact with the road surface.  The pushrod on an independent suspension system transfers the forces of the road surface to the shock assembly.  The pushrod and the shock assembly are linked via a bellcrank, which changes the direction of the transmitted force so that the shock assembly may achieve maximum absorption of forces.  The spindle attaches the wheel assembly to the control arm assembly.  The spindle is also a main component in the braking and steering system of the vehicle.  The spindle houses both the tie rod connections of the steering system and the caliper and rotor of the braking system.   An independent suspension system not only allows for better handling of the vehicle, but also is less bulky and will decrease the overall weight of the vehicle.  With respect to the aforementioned suspension systems our design plan is to incorporate an independent suspension system into the FSAE vehicle.

4.2 Mounting Design

     As previously mentioned in the project objective, our front suspension system must mount to the newly built carbon fiber monocoque body.  This design requirement has proved to be most challenging, because previously all that was required to mount the suspension system was the welding of mounting tabs on the chro-moly tube frame.  We must be able to attach mounting tabs to the carbon fiber monocoque without damaging or weakening the carbon fiber.  We have decided to attach mounting tabs to a 1/8” thick steel plate, and attach these plates to the carbon fiber via 4 mounting bolts.  These plates will allow the forces from the suspension assembly to be evenly distributed over the carbon fiber surface.  These plates will be used to attach the shock assembly, bellcrank, and control arms.  This increase in force distribution results in a lower pressure as seen by the carbon fiber.


Figure 4.3: Control Arm Mounting Plate                                     Figure 4.4: Bellcrank Mounting Plate

                                              Figure 4.5: Shock Assembly Mounting Plate

The bolts on the mounting plates will go through the carbon fiber and will be attached on the backside of the carbon fiber by 1/8” thick steel backing plates of the same dimensions as the mounting plates.  The boltholes of the mounting plates will have steel sleeves inserted into the carbon fiber so as not to deform or alter the integrity of the carbon fiber shell.

     The rear of the new FSAE vehicle remains with the chro-moly tube frame design.  The mounting of the rear suspension system will resemble the previous suspension designs.  Our rear mounting will make use of the already welded steel mounting tabs.  These mounting tabs will attach to the control arms in the same manner as our steel mounting plates used on the front suspension system.  

4.3 Sway Bar

     Dr. Hollis, our project sponsor has expressed, to us, his desire to incorporate a sway bar into both our front and rear suspension systems.  The purpose of the installation of a sway bar is to keep the vehicle body from “rolling” in a sharp turn.  Roll in a sharp turn is bad because the inside wheels tend to lose traction, and hence cause maneuverability problems.  A sway bar connects to the bellcrank of a suspension system and works by transmitting the upward force from the outside wheels to compress the suspension on the inside wheels.  This compression on the inside wheels flattens out the vehicle and allows the vehicle to remain flatter throughout the turn.  By remaining flat in the turn, the vehicle remains in maximum contact with the road and corning ability is greatly improved.  Our sway bar will connect to our bellcrank at the same connection as our shock assembly.  This will allow the greatest transfer of force to the inside wheels of the vehicle.  Our sway bar will connect to the carbon fiber monocoque via custom fabricated polyurethane bushings.  The connection between the sway bar and the bellcrank will be made using our standard suspension ball joints.  Sway bars will be integrated into both the front and rear suspension systems.

 

                          Figure 4.6: Sway Bar Design

The above picture is a representation of the sway bar, which will be manufactured for our suspension system.  The green metal staps will mount to the carbon fiber monocoque, and house the polyurethane bushing which will allow for the rotation of the sway bar.  The sway bar will connect to the bellcrank at the 90( bends in the posts.

4.4 Final Design

     Our front suspension system will be mounted outside of the carbon fiber monocoque body so as to create a more comfortable operating environment for the driver of the vehicle.  Figure 7 shows the how the current carbon fiber monocoque body will be modified to allow for the installation of the front suspension system.  The green line on the body shows where we will cut the body to allow for the insertion of the new body panels.  The red line shows where the new body panels will be installed to allow for the attachment of the sway bar, bellcrank, and shock mounts.



Figure 4.7: Top, Left, and Inside views of Monocoque Modifications

4.5 Materials Selection

One of the most important aspects of the design process is the selection of the best applicable materials.  The requirements for our materials are that the materials must be easily workable, must be lightweight, and must be inexpensive.  For our design, we considered three common engineering materials: carbon fiber tubing, aluminum tubing, and chro-moly tubing.  Below is a table with our materials, material rankings, and our material requirements (1=worst 2=median 3=best).  

Table 4.1: Materials Selection Table

	
	Weight
	Strength 
	Ease of Assembly
	Cost

	Aluminum
	          2
	          2
	          2
	          2

	Chro-Moly
	          2 
	          2 
	          3
	          3

	Carbon Fiber
	          3  
	          2
	          1
	          1


According to the above materials selection chart, chro-moly was chosen to be the material used in the construction of our suspension components.  Not only is chro-moly the least expensive and easiest to work with, but it is also lightweight and extremely strong.  Chro-moly will be used for all of the suspension components with the exception of the pushrod tubes.  The decision has been made to manufacture the pushrod tubes from carbon fiber due to the fact that the pushrod only experiences axial compressive forces.  Carbon fiber is by far the strongest material in the axial direction.  Carbon fiber, however, is extremely brittle when the forces are applied perpendicular to the fiber lengths in the material.  This weakness is why chro-moly was chosen for the rest of the suspension components.

4.6 Front Suspension System

     The analysis for our front suspension system was done using ADAMS modeling software.  The front suspension system was created and input into the modeling system.  We then ran several analyses on the system with varying travel lengths, control arm sizes, etc until our results met our criteria of minimal camber and toe variance.  The following is the 3D model and our final analysis of the front suspension system.  The preliminary analyses and more views can be found in Appendix B.


Figure 4.8: 3D View of Front Suspension System

The above picture is an Adam’s isometric view of the complete front suspension design including, control arms, spindles, bellcranks, sway bar, pushrods, and steering systems. This view shows the what the assembled suspension will be like as or final design. 


Figure 4.9: Plot of Camber, Caster, and Toe vs. Suspension Travel

The above plot shows the caster, camber, and toe angles as a function of the wheel travel.  From the above plot, one can infer that the caster angles stays at zero, which satisfies one of our design goals.  Our next design goals was to have the camber angle equal to zero at approximately one half of the wheel travel.  This camber angle will allow maximum tire surface area to contact the road surface throughout the wheel travel range.  Our camber angle ranges from 1.25( at full extension, and –0.5( at full compression.  Our goal with toe was to have minimal change throughout travel, and to have a slightly positive toe at 0 wheel travel.  We met this goal by having our toe at 1.0( at zero travel and having –1.0( of toe at full travel.  All of the data from preliminary failure runs in Adams are given in Appendix B.


We also used Adams to calculate the forces in the pushrod to determine whether or not all of the experienced forces are axial.  The following is plot of the 3-dimensional forces experienced in the pushrod throughout wheel travel.


Figure 4.10: Experienced Pushrod Forces vs. Wheel Travel


Since the pushrod is located only along the Y and Z axes, the above plot shows that the forces experienced in the pushrod are only in the axial direction.  This plot supports our previous assumptions that the pushrod can be made out of carbon fiber tubing.  Carbon fiber tubing will create a decrease in the overall weight of the front suspension system.  The plot tells us that the carbon fiber tubing used must be able to support an axial load of at least 1150lbs.  This value will be used when sizing for the optimum tubing size and wall thickness.  

4.7 Rear Suspension System
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Figure 4.11: Isometric View of Rear Suspension Assembly


The above figure is an Adam’s model isometric view of our final design for the rear suspension assembly.  The rear suspension assembly is very similar to the design for the front suspension assembly.  The main difference between the front and rear suspension is the addition of the drive axles on the rear suspension.  Even though there are no steering components on the rear suspension assembly, the rear suspension does make use of a tie rod to constrain the control arms to motion in the vertical direction only.  In this view, the tie rod is the pink tube connected to the lower control arm.  The shock mounting on the rear suspension assembly is very similar to the shock mounting on the front assembly.  The control arms on the rear suspension are slightly offset, and the front tube on the lower control arm assembly is actually connected to the front half of the formula car so as to increase the overall structural integrity of the rear suspension assembly and the vehicle itself.  The components on the rear suspension such as the shock assembly, pushrod, and bellcrank are all identical to the components used on the front suspension assembly.
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Figure 4.12: Camber, Caster, and Toe Angles vs. Wheel Travel


Figure 12 is a plot of the camber, caster, and toe angles vs. rear wheel travel.  The goal of our rear suspension design is to keep the camber, caster, and toe angles at or near a constant angle of zero degrees.  All of our design values are within 1.25( of zero throughout wheel movement.  The most important of the three values are the camber and toe angles.  The camber angle stays around 0.65( throughout wheel travel; this low camber angle tells us that the wheel stays in maximum contact with the road surface at all times.  The second most important variable is the toe angle.  Our toe angle throughout the wheel travel is a constant 0.5(; this angle tells us that the wheel faces straight forward and will have near perfect tracking throughout the wheel travel range.  Although it does not affect the rear suspension very much, the caster angle is still relatively low at 1.25( throughout the wheel travel.  
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Figure 4.13: Experienced Pushrod Forces vs. Wheel Travel


The above plot was used in determining whether or not the pushrod experiences perfectly axial forces, or if it experiences forces against the axial direction.  From the plot, one can determine that the pushrod does only experience axial forces during compression.  This means that carbon fiber would be a suitable material for use as the rear pushrods also.  One can also determine the magnitude of the encountered forces from this plot.  According to this plot, the encountered forces are quite small, and a small diamter pushrod may be suitable for use.  

5.0 Design Finalization
5.1 Summary of Results


The Formula SAE Suspension Design Teams final design consists of an independent suspension design for both the front and rear suspension subsystems.  The front suspension will consist of unequal length, unparallel upper and lower control arms, using the steering tie rod as the fifth link to ensure stability.  The rear suspension will consist of unequal length, unparallel upper and lower control arms as well.  Here a rear tie rod is added behind the lower control arm to act as the fifth link to provide stability as well as provide for toe adjustments for the rear wheel/tire/spindle assembly.  Both suspension subsystems will utilize a pushrod and bellcrank assembly to translate the vertical motion of the control arms to lateral motion directed to the laterally mounted spring and shock assembly.  Sway bars will be mounted to both the front and rear suspension subsystems and to the body/frame of the vehicle to help control body roll during both the tilt table test and hard cornering maneuvers.  This is done to save the space both inside the cockpit and in the rear of the vehicle and allow for extremely easy adjustments to the shocks and springs.  This proposed setup will allow for maximum wheels travel with optimal changes, or lack thereof, of caster, camber, and toe during cornering maneuvers.  It will also allow for maximum adjustments of both the front and rear suspension geometry, and allow for the least amount of interference with the drivers’ cockpit and rear drivetrain setup.


An independent front suspension setup was determined to be the most effective design for the team’s desired goals.  It allows for a much better contact patch through wheel travel than does a solid axle front setup, and it is also is much less bulky and intrusive allowing for more room inside the cockpit area as well as extreme weight savings.  Using unparallel and unequal length control arms in the front suspension subsystem will allow for the best medium for maintaining a maximum contact patch and traction during both straight line acceleration, which will be needed for the drag race competition, and for cornering, which will be needed for the road coarse competition.  Below show a front view of the front suspension subsystem.
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                 Figure 5.1: Front suspension assembly

The same holds true for the rear suspension subsystem for the Formula SAE vehicle.  Here, as well as the in the front suspension, an unequal length, unparallel set of upper and lower control arms is used to create the independent rear suspension.  Doing this allows the vehicle to travel vertically with very minimal change is camber angle.  The result of this is a maximum contact patch for the vehicles tires throughout the movement of the suspension, and will allow for maximum traction and handling characteristics.


The motion of the upper and lower control arms for both the front and rear suspension subsystems will be control by the shock/spring combination actuated via a pushrod and bellcrank assembly.  The upward motion of the lower control arm, which contains the lower pushrod mounting point, causes the pushrod to move in a vertical direction towards the bellcrank.  The bellcrank then transfers the vertical motion of the pushrod to a lateral motion, allowing the compression of the laterally mounted shock/spring assembly.  By altering the mounting point of the pushrod on the bellcrank, the team can adjust the effect rocker ratio of the pushrod to shock absorber movement.  Below shows an example of a pushrod/bellcrank/shock combination.  
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                                                  Figure 5.2:  Bellcrank Assembly

The shock and spring combination chosen allows for compactness, since it is a coil over design, as well as easy spring rate changes and adjustments for both compression and rebound damping rates of the shock absorber.  This as well as bellcrank adjustments allows for infinite adjustability of the front and well suspension movement.


Both the front and rear suspension setups will make use of a sway bar assembly.  The application of sway bars will help to flatten the vehicle during the tilt table competition, as well as control body roll during cornering maneuvers on the road coarse competition.  The sway bars end links will be mounted to the right and left side bellcranks, and the sway bar itself mounted to the rear frame or front monocoque shell of the vehicle.  This is a fairly new concept to Florida State University’s Formula SAE car and will be one of the “breakthrough” portions of the design project.


The mounting of the suspension subsystems is also a new and untested concept.  The rear suspension subsystem will be mounted in a traditional fashion, which includes the welding of tabs to the chro-moly frame and mounting the control arms and rear tie rods to these tabs.  Mounting posts will also be welded to the rear frame to allow for the mounting of the bellcranks, shocks, and sway bar.  The front suspension subsystem mounting is where the primary challenge occurs.  As a result of the carbon fiber monocoque construction of the front of the vehicle, it is impossible to weld mounting tabs to the vehicle.  A method for mounting the suspension needed to be determined that would be strong, lightweight, and not allow for puncturing the carbon fiber shell of the vehicle.  It was determined that mounting plates would be a suitable method to accomplish this.  Steel mounting plates will be cut, and mounting tabs or mounting posts welded to them to allow for mounting of the control arms, bellcranks, and shock assembly.  The monocoque shell will be drilled and fitted with steel inserts, than sandwiched between these mounting plate and steel plates mounted inside the monocoque shell.  These mounting plates will displace the loadings of the control arms, bellcranks, and shock absorbers over a larger area than just mounting tabs, be easy and inexpensive to construct and assembly, and be more lightweight than welding in chro-moly bars inside the shell to mount tabs to.


All preliminary testing of the proposed designs for both the front and rear suspension subsystems have been a complete success.  ADAMS/Car results have show that throughout wheel travel and cornering maneuvers, the suspension design for the vehicle allows for maximum wheel travel and vehicle control, as well as maintaining a maximum contact patch and allowing for the most desired results for toe, camber, and caster changes.  Now the design must be implemented and created in reality as opposed to a computer system.

5.2 Conclusions
The purpose of the Formula SAE Suspension Design Project was to design and implement a usable suspension to excel in the three tests at the Formula SAE competition.  These test include a drag race, a tilt table test, and a high performance road course.  The specifics of these three tests were previously described in the project scope.  In order to achieve success in the design project the team needed to research possible solutions to designing an effective suspension, apply the knowledge gained from this research to design the suspension, test the loadings and abilities of the suspension, and improve on the design based on these tests.  Components of the front and rear suspension needed include upper and lower control arms, shock absorbers, springs, sway bars, application of the brakes and steering setups to the suspension design, as well as other components specific to the vehicles individual needs.  The final design must also meet all requirements and restrictions set forth by the Formula SAE rulebook.

Taking this goal, and all the above thoughts, considerations, and restrictions into account, the Formula SAE Suspension Design Team researched possible suspension setups, and after brainstorming and comparing notes with each other and other suspension designs used on successful Formula SAE cars in the past, thought up the design above.  This independent front and rear suspension design incorporates unequal length and unparallel upper and lower control arms for both the front and rear suspension subsystems.  The benefits of this system are that it allows for maximum suspension travel, as well as allowing the tires to maintain the maximum contact patch throughout this wheels travel, and preventing any unwanted camber or caster changes as the suspension exhibits this movement.  The new addition of sway bars to the FSU Formula SAE car is a welcome application of further research because this new addition will prevent the common occurrence of body roll during extreme cornering and handling conditions, and it will also level the vehicle during the tilt table test.  All these aspect combined are what make for a very well handling vehicle, and the team is confident this will be the outcome as the project continues and the suspension is constructed and assembled.


All testing of the final suspension design in the virtual world using the ADAMS/Car analysis program have proved to be a total success.  The suspension displays no unwanted movement as the vehicle undergoes loadings and wheel travel, and the movement of the wheel/tire/spindle assembly remains smooth and consistent.  The design of the control arms is extremely strong, and extremely adjustable as a result of the use of spherical rod ends.  This strength and adjustability continues over to the tie rods and pushrods as they are constructed in the same manner.  The bellcrank and shock/spring combination is infinitely adjustable as well since the team can vary the rocker ratio, dampening rates for both rebound and compression, as well as spring rate.  All this adds up to a vehicle’s suspension system that can be adjusted not only for given and varying track conditions, but also to varying vehicle conditions such as driver weight distribution, total weight of the vehicle, and tire choices.


At this point the team considers their design to be an extreme success.  The creation of both the front and rear suspension subsystems, that application of a sway bar assembly, the shock/spring orientation, and the mounting of all this to a new and untested carbon fiber monocoque shell proved to be a challenging and difficult experience.  The Formula SAE Suspension Design Team is confident however, that the proposed design will adequately control the movement of the vehicle as it performs the test necessary at an SAE competition, and all preliminary testing confirms this belief.  The design team is looking forward to continuing this project into the construction and assembly phase, and further more into the final testing of the actual suspension subsystems on the Formula SAE car.

5.2 Future Work


The future work of the Formula SAE Suspension Design Team is perhaps the most important part of the teams design process.  After the process of designing and virtual testing of the suspension is completed, the suspension much be constructed, tested in the real world under race conditions, modified if necessary, and tested again.  This process must be repeated until the Formula SAE suspension is constructed and setup in the most productive and performance oriented manner as possible.  This is the future work of the Formula SAE Suspension Design Team.


The design team has completed the conception and design of an effective suspension for the Formula SAE vehicle.  This design has be transplanted into the ADAMS/CAR testing program, and tested under many conditions.  Needed modifications have been made, the design has been tested many more times, and the team is satisfied that they have designed the most performance oriented design possible for the vehicle.  The only problem with this is the design exists only on paper and in a computer system.  This is where the future work of the design team during the Spring Semester comes into effect.  Based on the detailed and specific Pro-E three-dimensional and engineering drawings, the team will carefully construction each individual component of the suspension assembly, mount these components to the vehicle, and test the entire vehicle assembly as a whole.


In order to construct the components of the suspension assembly, many different manufacturing processes must be used.  The shock mounting plates, bellcrank mounting plates, and control arm mounting plates, will all be cut from 1/8” steel plate, holes will be drilled in the proper locations, and the individual mounting tabs or mounting post will be welded to the mounting plates as needed (tabs to the control arm mounting plates and post to the shock and bellcrank mounting plates).  The upper and lower control arms for both the front and rear suspension systems will be constructed from chro-moly tubing.  This will be done by cutting the individual pieces of the control arms to the desired length, jig-notching the ends to allow for easy positioning of the individual pieces together, than the required pieces will be welding together to ensure an assembly with high strength.  The ends of the control arms will be tapped and fitted with high quality spherical rod ends to allow for the lowest possible deflection with the maximum possible adjustability and strength.  The sway bars will be cut to length, the mounting post welding on at the desired locations to allow for attachment to the bellcrank, and the mounting brackets place on the sway bar assembly.  The pushrods will be constructed in a similar manner as the control arms, however no welding will be required here as the pushrods are a one-piece assembly.  The assembly process also holds true for the front and rear tie rod assemblies, which will be constructed in a very similar manner as the pushrods.  The bellcrank construction is uses a different process than the chro-moly components.  It will be cut to size, and holes will be drilled into the plate at required locations to allow for the proper rocker ratio for the teams design.  The team may also drill additional mounting holes to allow for various rocker ratios to all for tuning for individual track conditions.  Once all the components of the suspension design are constructed, the team will begin the process of mounting the components to the vehicle.


Mounting the individual components of the suspension assemblies to the vehicle itself will be fairly straightforward for the rear assembly, however the front assembly will require additional care and construction.  The rear components will be mounted using traditional methods of welding mounting tabs to the frame tubing, and mounting the spherical rod ends of the control arms and rear tie rod to the tabs using a nut, a bolt, and required spacers.  The bellcrank mounting post and shock mounting post will also be welded to the rear frame tubing and the components mounted in a similar fashion.  Following this the sway bar assembly can be mounting to both frame and the bellcrank posts and the rear suspension will be completed.  The attachment of the front suspension will require a different approach, as it is impossible to weld to the carbon fiber construction for monocoque body/frame design.  First the team must construct a small compartment in the upper portion of the monocoque shell to allow for the mounting of the bellcrank, front shocks, sway bar, and front shock mounting plates.  This will be done by cutting away the carbon fiber body and laying a new carbon fiber honeycomb to allow for the mounting of these components.  To attach the mounting plates, the team will drill four holes for each plate through the body of the vehicle, install steel spacers in the holes, and mount the plate to the monocoque shell in a “sandwich” fashion.  Follow this the shocks, bellcrank, and control arms can be mounted to the vehicle, and after making minor adjustments to ensure the suspension is assembled properly, the construction and assembly of the vehicles suspension will be complete.


Following completion of the component construction and vehicle suspension assembly, the team must test the suspension in real world race situations.  The actual plan for testing the vehicles suspension system has not be formulated yet, as one major problem in testing the vehicle exist, there is no powertrain for the vehicle yet, nor will there be at the time testing is to occur.  Initial thoughts on testing the vehicle however involve procedures such as testing and measuring the suspension geometry during the full wheel travel for both the front and rear suspensions, performing a tilt table test such as the one applied during SAE competitions, and adding weight to the vehicle in locations consistent with locations for the powertrain and drivetrain of the vehicle and bringing the vehicle up to speed using a tow rope and maneuvering the vehicle through a desired coarse measure the movement of the individual suspension components and analyzing this movement.


Following this testing, the results will be analyzed by the design team, and interpretation of these results it will be determined if any modifications to the vehicles suspension systems are necessary.  In the event modifications are required, these modifications will be made, and the vehicle tested again under the conditions listed above.  This process will be repeated until there are no required modifications to the vehicles front or rear suspension assembly, and the assembly is the best performing setup as possible.

 Appendix A Engineering Drawings
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Appendix B Adams Modeling Data
Front Suspension
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Good Run Data
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Failure Run Data
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Appendix C Deliverables
Project Scope

Problem:  To develop a suspension system for the new FAMU-FSU Formula SAE team.  The new body for the formula car presents a unique challenge not encountered by previous teams at this school.  The front section of the car is a carbon fiber composite matrix, where an aluminum honeycomb is sandwiched between two carbon fiber sheets.  The challenge therein lies in the fact that we have not had previous experience in design and fabrication of metal tubing on a carbon fiber monocoque.  The rear end of the new FSAE car is a traditional tube-frame, for the sake of motor support.  This means the design of the rear end of the car will be simpler than the front.  

During the course of an FSAE competition a competing racecar will be subjected to a variety of performance challenges, in which the suspension of the car will be a key factor in the success of the said vehicle.  These challenges include a drag race, tilt table competition, and high performance road course.  These tests quantify a racecar’s static and dynamic ability to keep the vehicle’s tires planted to the ground for maximum performance.  

The drag race is a straight-line 1/8 to 1/4 mile linear acceleration competition.  This is considered a dynamic test of the racecar’s suspension.  Here, lateral acceleration is not taken into consideration.  Since this is the case, the characteristic forces acting on a vehicle in a drag race are as follows: squat, dive, driveline lash, and forces on the car due to imperfections from the drag strip.  Squat is defined as the loading on the rear end under hard forward acceleration.  Dive is defined as loading on the front of car under hard deceleration.  Driveline lash is the unsettling of the racecar during shifting under throttle.  Forces on the car due to imperfections from the drag strip are just that; bumps and dips on the course that unsettles a racecar.  To handle this situation rear shocks with adjustable damping, and damping lockout features will be needed to adjust the shocks for the road conditions.  The tilt table is the vehicle is tested for fuel and fluid leakage by tilting the vehicle to a 45-degree angle. Then the angle is increased to 57 degrees to simulate a cornering force of 1.5Gs. If all 4 wheels remain on the table then the vehicles passes the test.  The high performance road course is an autocross event consists of one lap of the track to determine the fastest cars and their positions for the endurance event.

From the tests that the vehicle should go through, the suspension is the most important thing for winning the competition. The design for the front and rear suspension, the selected shocks, and the materials that been chosen for it will determine how well the vehicle will perform in all tasks.  Due to the fact that the front body of vehicle is made from a carbon fiber material, the suspension has to be designed to be compatible with the material of body as far for load stress or 

Needs Assessment

The purpose of the Formula SAE suspension is to design and implement a usable suspension to excel in the three tests at the Formula SAE competition.  These test include a drag race, a tilt table test, and a high performance road course.  The specifics of these three tests were previously described in the project scope.


In order to achieve success in the design project the team needs to research possible solutions to designing an effective suspension, apply the knowledge gained from this research to design the suspension, test the loadings and abilities of the suspension, and improve on the design based on these tests.  Components of the front and rear suspension needed include upper and lower control arms, shock absorbers, springs, sway bars if necessary, application of the brakes and steering setups to the suspension design, as well other components specific to the vehicles individual needs.

Control Arms (upper and lower):

· Material selection here will be based primarily on the weight and strength of the material
· Material Selection also based on its ability to be securely coupled or joined to itself as well as other materials
· The team must also determine the optimal geometry of the control arms to both support the race-weight of the vehicle as well provide optimal performance
· Secure mounting of the upper and lower control arms to the carbon fiber body of the vehicle for the front suspension and the steel frame in the rear suspension to ensure optimal travel and load control
· The design of the control arms must also include maximum adjustability in order to tune the suspension for a given task at hand
Shock Absorbers:
· Research and selection of the shock absorbers in the vehicles suspension will be based primary on the aspects of adjustability and the shocks ability to control the movement of the vehicle during both compression and rebound

· Must determine how the shocks will affect both the sprung and unsprung weight of the vehicle to allow for optimal clearance of both the vehicle and the driver, and well as optimal suspension performance

· Testing of the vehicles suspension for the given loads the vehicle will endure in performance situations will help the team determine the proper dampening rate the selected shock absorber must have, as well as the optimal ranges of adjustability the team desires

Springs:
· Spring research and selection must be done in collaboration with the shock absorber research and selection as these two aspects of the suspension work hand in hand

· Springs must be able to support the vehicle in at a stand still, as well as during straight-line acceleration, braking, and corners in order to work with the shock absorber to allow for maximum traction and optimal ground clearance, and reduce body roll, dive, and squat

· Mounting of the selected springs must also be determined as there are many options available such as “coil-over” type setups to allow for compactness and adjustability, or mounting the shocks and springs separately

Mounting:
· Rear suspension of the vehicle will be mounting to a chromoly tube frame using conventional methods such as welding tabs to the frame and mounting the suspension pieces to them using bolts and spherical rod ends to allow minimal deflection and maximum adjustability and angular travel

· Front suspension will be mounted to the carbon fiber and aluminum composite body of the car

· Team must research and determine an effective way to accomplish this to allow for maximum strength at the connection, ensure that the carbon fiber body doesn’t collapse within itself upon loading, and also allow for maximum adjustability and angular travel as well

Misc Needs and Considerations:

· Steering, braking, and drivetrain systems must be considered in suspension design

· Team is not responsible for designing these systems, however there application must be taken into effect upon designing a usable suspension since they are physically located very close to and work hand in hand with the suspension setup

· Design and mounting of the control arms and shock/spring combinations must allow for adequate clearance for both the braking and steering systems, as well as the driveshaft setup, to ensure that all the systems act together as a unit to provide optimal performance, as well as ensure that the suspension, steering, braking, and drivetrain systems do no infringes upon each other as well as the driver

· By researching and designing something such as a front adjustable wing to both apply downforce to offset the extremely lightweight vehicle front, as well as to protect the front suspension from objects such as cones as the vehicle performs on a race track

Sway Bars (anti-roll bars):
· Team must also determine is the vehicle could benefit from the application of a front and/or rear sway bar

· Anti-roll bars help control body roll of the car during cornering

· If the shock/spring combination can effectively control these aspects of the vehicles performance, that the idea of a sway bars can be dismissed because they will only add weight



Researching and designing based on these needs above will ensure that the team designs a usable and optimal suspension for the Formula SAE car.  This suspension will have the needed adjustability to be altered to differing race conditions, the strength to withstand the high stresses of a race environment, and as well as the ability to control the vehicle in the all the applied to test to ensure maximum performance.

Product Specifications

	
	Minimum
	Maximum

	Wheelbase
	60 in
	NA

	Ground Clearance
	2 in
	NA

	Wheel Travel
	2 in
	3 in

	Wheel Diameter
	8 in
	NA

	Front Track Width
	Any
	Any

	Rear Track Width
	No less than 75% of front
	NA

	Vehicle Mass
	0
	500 lb

	Torsional Deflection
	0
	TBD

	Bending Deflection
	0
	TBD

	Lateral Acceleration
	0.9 g
	8 g

	Vehicle Cost
	$0
	$25,000


Shown below is a table of the required specifications related to the suspension system on a Formula SAE racecar.  The Society of Automotive Engineer’s for the Formula One Racecar series issues these specifications.

The first requirement is that the wheelbase of the vehicle be no less than 60 inches.  The wheelbase is defined as the distance from the point of contact of the rear wheel to the point of contact of the front wheel.  The vehicle has no maximum allowable wheelbase, although a shorter wheelbase is much more desirable for a smaller turning radius.  


The second requirement is that the ground clearance of the vehicle must be no less than 2 inches.  This ground clearance requirement is a safety issue, which is precautionary in case of debris on the track, and in case the suspension on the vehicle may “bottom out”.


The wheel travel on the vehicle must be between 2 and 3 inches.  Our team is leaning towards the shorter end of this spectrum because less suspension travel means less vehicle lean and therefore a higher skid pad rating for the overall vehicle.  This means the vehicle will be able to handle higher speed turns.


SAE regulations state that the wheel must be no smaller than 8 inches in diameter.  The wheels currently in use on the formula car are 13 inches in diameter, and no change is planned for the wheel sizing.


There is no specification for the track width of the vehicle, other than “the smaller track width must be no less than 75% of the greater track width”.  If the track widths were drastically different, this could cause sever handling and safety issues with the vehicle.  The track width is defined as the distance from center point of the right wheel to the center point of the left wheel.  Typically, the front of the vehicle has a smaller track width due to the engine location in the rear of the vehicle.  This smaller track width at the nose of the vehicle allows for increased steering response, and improved handling on the track.  


The only requirement on the mass of the vehicle is that the vehicle will not exceed 500lbs.  This weight requirement will not be a problem due to the fabrication of the new, lightweight carbon fiber monocoque body currently in use.  


The bending and torsional deflections are not currently an issue due to the nonexistence of maximum requirements.  The deflection is going to be significantly less in the body due to the use of a carbon fiber monocoque instead of the more traditional chro-moly tube frame design.  


The final price invested in the vehicle is not to exceed $25,000.  Currently, the suspension for the new design should cost approximately the same as the suspension currently in use on the vehicle.  The materials cost will be approximately the same; the only difference being the design and construction of the new suspension system for the monocoque body.  

Project Plan

Project Procedures

Algor:

· Algor will be used to calculate the Von Misus stress and strain in a finite element method.  Analysis of Pro-Engineer drawings may be completed as well.

· One group member to specialize in Algor, and one member to gain rudimentary knowledge with the program so work load assistance may be utilized if needed

Pro-Engineer:

· Will be used to generate the engineering drawings and all the 3-d drawings, which will represent the designs.

· One group member to specialize in Pro-Engineer, an done member to gain rudimentary knowledge with the program so work load assistance may be utilized if needed.

Adams/Adams Car:

· Will be used to examine the suspension structure under real conditions, and what forces will be acting on it.

· One group member to specialize in Adams/Adams Car, and one member to gain rudimentary knowledge with the program so work load assistance may be utilized if needed.

Meeting Routines:

· Meeting will take place during regular senior design class time on Tuesdays. Saturday’s meeting time will take place from 12:00 p.m. to 5:00 p.m.  

· Progress with project will be discussed in meeting; this includes individual group member’s informal progress report to design team.

·  Future work will be discussed and delegated among team members

· Assistance with individual sub-projects will be discussed and offered

Contact Lists:

· All members must be given valid contact information

· Contact information will be updated as per necessity 

· Mediums for information dispersal shall include: phone, email, and blackboard

· One team member will be responsible for keeping and updating contact list

· Current contact list

· Cesar Luongo: Senior Design Supervisor - luongo@magnet.fsu.edu
· Dr. Hollis: Customer - hollis@mail.eng.fsu.edu

· Gary Osterholt: Project Advisor - gdo3046@fsu.edu
· Hussain Khesroh: Design Team Member - hhk1195@fsu.edu
· Ryan Prentiss: Design Team Member - rpp1155@fsu.edu
· Cary Henry: Design Team Member - cah4655@fsu.edu
· Michael Martha: Design Team Member - mmm0216@fsu.edu
Chain of Approval:

· All team member have equal input power within group decision making process

· Any large decision, which may affect the project in its entirety shall be discussed among design team

· Small decisions, which do not affect project in its entirety, shall be made in accordance with individual team member’s requirements 

· Project deliverables will be sent to Gary Osterholt for finalization and approval

Testing:

· Every section of the suspension must go through different testing on Algor and Adam’s, before approval.

· The final design must have approval by all team members and team advisor

Concept Generation

Design Concept

The suspension to be used on the new carbon fiber monocoque body formula SAE car is the standard double wishbone suspension.  The double wishbone suspension system is the system most commonly found on Formula One racecars.  The double wishbone suspension system consists of an upper and lower control arm.  The control arm is nothing more than an A-shaped tubular body, which connects to the steering spindle.  The control arms constrain the wheel assembly to motion only in the vertical direction.  The lower control arm is linked to the shock assembly via a hollow pushrod.  The shocks will be mounted parallel to wheel travel to allow maximum absorption of forces.  Below is a labeled diagram of the proposed suspension design.



[image: image69.png]



Figure 5:  Suspension Assembly Diagram

Materials Selection

There are several materials, which can be used for the construction of the suspension control arms.  The three materials being considered for this particular application are chro-moly tubing, aluminum tubing, and carbon fiber tubing.  Each of these materials has different properties.  The material chosen for the design must be best fitted for a vehicle suspension system.  

Table 4: Materials Selection Chart

	
	Weight 
	Strength 
	Ease of Assembly
	Cost

	Carbon Fiber
	3
	2
	1
	1

	Aluminum
	2
	2
	2
	2

	Chro-Moly
	2
	2
	3
	3


From the above chart, one can clearly determine that chro-moly is the best-suited material for this particular application.  The only advantage carbon fiber has over the metals is its weight.  Carbon fiber is by far the lightest material choice, but it is also extremely hard to assemble and it is quite expensive.  Carbon fiber has the highest tensile yield strength of all the materials, but its multidirectional strength is quite limited.  This high tensile yield strength is why carbon fiber has been chosen for the pushrod assembly.  There are only two connections required for the pushrod, and there are no angled assemblies, which makes for rather easy assembly even with carbon fiber.  The aluminum was the second choice for the suspension material, but the higher cost and harder assembly are not worth the savings in weight.  Chro-moly is by far the cheapest and easiest to assemble of all the materials.  Since the SAE team is equipped with a MIG welder, chro-moly assembly will be both inexpensive and easy.  

Monocoque Body Attachment

The control arms have previously been attached to the tubular chro-moly frame via mounting tabs welded to the tubular frame.  Since there is no internal frame in the monocoque body, the control arms must be directly mounted to the carbon fiber body.  The use of custom designed mounting plates will be required to evenly distribute the load of the control arms over a 4 square inch mounting surface.  Each control arm mount will consist of 4 bolts, one 2in x 2in steel plate, and one 2in x 2in steel plate with welded mouting tab.  These 2in x 2in plates will evenly distribute the load across the carbon fiber shell.  
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