Abstract/Scope
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.

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.

1.2.1 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
1.2.2 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

1.2.3 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

1.2.4 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

1.2.5 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

1.2.6 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.

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:  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 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 2.3.1, 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.  

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.  
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