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ABSTRACT

University of Windsor’s SAE Mini-Baja East team has significantly modified the 2003 Midwest vehicle to compete in the 2004 East competition.  The lightweight vehicle chassis is made robust to survive the punishing terrain of the four-hour endurance race.  A tuned, continuously variable transmission (CVT) and a gearbox were implemented to extract maximum performance from the engine.  Four-wheel independent double wishbone suspension with a total of twelve inches of travel helps absorb bumps on the track.  Every component of this vehicle was carefully engineered, analyzed and tested.  The objective of engineering an inexpensive, rugged, single seat water-maneuverable off-road racer was accomplished.  

INTRODUCTION

Mini-Baja is an international collegiate design competition hosted by the Society of Automotive Engineers (SAE). The objective is to design, build and test a recreational vehicle intended for sale to the non-professional off-road enthusiast.

The 2004 University of Windsor Mini-Baja team consists of seven undergraduate students in Mechanical, Automotive and Materials Engineering. This year, the East regional competition will be held in Montreal, Quebec.

The 2004 vehicle incorporates many features that have proven successful at past events. (A complete vehicle specifications sheet is included in Appendix A) These include:

· Continuously variable transmission (CVT)

· Four-wheel independent double wishbone suspension

· Rack and pinion steering

· Oversized thin-wall steel tube frame

· Four-wheel disk brakes

· Lightweight all-terrain vehicle wheels and tires

The logic behind each of these choices, and the considerations for detailed design are described in this report.

CHassis

A Mini-Baja chassis must meet the minimum safety requirements laid out by SAE, incorporate a comfortable driver compartment and provide rigid mounting points for all other vehicle systems.

Several factors were considered when deciding on the overall shape of the vehicle.  Integration of bent sections was important for two reasons: 

1. Limiting the number of tubes intersecting at a welded joint simplifies the welding process.

2. Bent sections reduce the total number of structural members in the chassis.

However, numerous compound angle bends would make it difficult to fabricate symmetric components.

Driver Compartment

Attention was given to driver comfort in order to avoid driver fatigue and thereby poor performance during the endurance race. This problem was addressed by combining an ergonomic seating position with ample foot, hip, and legroom.
The chosen lightweight fiberglass seat has a back support reclined at 17°. Although advantageous in terms of driver comfort, this has forced mounting points for engine and drivetrain components to move toward the rear of the vehicle.

Roll Cage

As stated in section 31.4 of the SAE rules, the frame material must be, at minimum, 1018 steel with equivalent bending strength and stiffness to 1” O.D. x 0.083” wall tube.  A 1.25” O.D. x 0.065” wall tube made of 1020 DOM steel was selected for use on the vehicle. This tube is 68% stiffer and 55% stronger than the SAE benchmark with minimal weight difference.  Although alloy steels are stronger, mild steel was chosen due to its weldability and lower cost.

In order to save weight, 1020 DOM 0.75” O.D. x 0.065” wall tubing was selected for non-critical bracing members.  In terms of manufacturing, these pieces required minimal time and effort to fit to the frame.
The rear roll hoop was designed to minimize weight and incorporate mounting points for several components. Horizontal members are included to accommodate driver restraints and engine mounts.  The side impact members join the rear roll hoop 11 inches from the bottom of the vehicle. This ensures that all tubes meet at the same node, minimizing bending moments and ensuring proper force transmission through the frame.
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Figure 1 - Chassis

Section 31.2.8 in the SAE rules states that teams must choose either front fore-aft bracing or rear bracing for their vehicle.  Rear bracing was selected because it allows for simple integration of a tow hitch, gas tank/drip pan assembly and shock mounts. The overall shape of the frame is shown above in Figure 1.

Flotation

The flotation for the Mini Baja East vehicle is designed to be durable, lightweight and completely removable. All floats are of aluminum monocoque design with a cast in polyurethane foam core. The aluminum skin protects the foam from lower and side impacts and serves as a mold. For additional impact support, a skid beam runs along the bottom of the vehicle and attaches to the chassis.  The vehicle’s flotation is divided into 3 main components for ease of fabrication, two side and one rear compartment.

Side Flotation 

The two side components follow the contour of the vehicles frame and travel the length of the cockpit to the midpoint of the engine compartment, a total length of 48”.  The flotation depth below the vehicle increases linearly along this distance from 2” in the front to 4.5” in the rear to give a total volume of approximately 3.1 cubic feet per side. Testing showed that a significant amount of buoyancy was required in the rear of the vehicle in order to maintain a horizontal floating position and to bring the rear tires out of the water enough to maximize propulsion.  The sides are constructed from 5052 H32 aluminum sheets of 0.040” thickness and the bottom is made from 0.063” thickness.  Figure 2 depicts the left side flotation.
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Figure 2 – Left Side Flotation (Front View)

Six individual aluminum pieces were tabbed and sealed with an adhesive urethane tape to ensure a tight seal and extra strength prior to being riveted.  Three aluminum tubes line the inside of each compartment for added rigidity and serve as attachment points to the chassis. These tubes are welded to support plates, which are in turn riveted to the flotation bulkheads and encased in cast foam for support. The external ends of the tubes are threaded for 3/8” bolts as shown in Figure 3.  1 / 4” diameter stainless steel rod runs through the bottom of each side compartment securing both sides together. 
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Figure 3 – Tube and Slug assembly

Rear Flotation

This section spans a length of approximately 22” and pins to the end of the skid plate and back of the vehicle with 3/8” bolts.  It has a depth of 4.25” and is reinforced by an internal extension of the lower skid beam as shown in Figures 4 and 5.  The rear flotation is designed to slide into place as a complete assembly.  
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Figure 4 - Rear Flotation

[image: image5.jpg]



Figure 5 - Rear Skid Beam (right side view)

Skid Beam 

The 2.5” wide skid beam is constructed from 1/8” 304 stainless steel and runs from the front of the vehicle to the midpoint of the engine compartment, a distance of approximately 60”.  The web height increases linearly from 2” to 4.5”, and holes are cut in the web to reduce the overall weight to approximately 12lbs.  This material was chosen due to its high toughness and excellent corrosion resistance.  The skid beam reinforces the flotation by:

· Absorbing impact

· Bracing side flotation components

· Acting as an additional mounting point

Two 1.5”x 2.5” mounting tabs are located in the front middle of the beam and are welded in position as shown in Figure 6.  For ease of removal and placement, two nuts are welded to the front tab, requiring only fastener access from the top.  The remaining middle tab relies on nuts welded to the vehicle’s mounting plate.  Pins are welded to the back of the skid beam to align the rear flotation. Fasteners are 3 / 8” in diameter. 
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Figure 6 - Skid Beam (right side view)

ENGINE

To provide a uniform basis for the performance events, all teams must use a 10 horsepower Briggs and Stratton OHV Intek Model 20 engine, governed to a maximum speed of 3600 RPM.  Only slight modifications outlined within the SAE Mini-Baja rules are allowed, but through research it was determined that they would not significantly benefit engine performance.

The 2004 engine has been broken in and tested on a Land & Sea® snowmobile engine dynamometer. Measured peak torque output was 14.7 lb·ft @ 2600 RPM and peak horsepower was 10 hp @ 4000 RPM.  Only 9 hp is actually attainable due to the 3600-RPM governor setting.  
CVT

A continuously variable transmission is a popular choice in Mini-Baja. The device consists of two variable-pitch pulleys connected by a drive belt, which provides an infinite range of gear ratios between two limits.  Major advantages over a manual transmission include the ability to hold the engine at its power peak and adjust gear ratios automatically.  The desired shifting characteristics of a CVT are illustrated in the following figure as engine speed versus vehicle speed.  

[image: image1.png]


The primary pulley (on the engine crankshaft) uses flyweights and a spring to control belt position based on engine speed, while the secondary pulley senses vehicle load via a torsion spring and helix ramps.  At idle, the primary spring dominates, holding the sheaves apart.  As engine speed increases, the centrifugal force of the flyweights overcomes the spring force.  The sheaves begin to move together and engage the belt (Region A in Figure 7).  The secondary pulley reacts to the high torque by maintaining lateral pressure on the belt.  The CVT must stay in "low gear" until the engine reaches maximum horsepower speed (Region B in Figure 7).  At peak horsepower, the primary pulley begins to close and move the belt to a larger pitch diameter.  In response, the secondary pulley opens and the belt rides on a smaller diameter. A properly tuned CVT holds the engine at peak power speed while it shifts from low gear to high gear (Region C in Figure 7).  If an increased vehicle load is encountered during driving, the torque sensitive secondary pulley overrides the primary, shifting the CVT to a lower ratio (called ‘back-shifting’).

Despite its conceptual simplicity, the CVT is controlled by a number of interdependent variables [1].  The CVT has been tuned to optimize vehicle towing capacity, acceleration and top speed.  This required finding the correct combination of helix ramp angle, flyweights and springs to match the engine power curve and vehicle inertia.

A Polaris P-90 ATV continuously variable transmission was chosen over the more commonly used Comet and CVTech-IBC models.  The Polaris PVT™ appears to offer comparable weight, lower friction and better back-shifting than its competitors, as well as a large potential for tuning.  Lower friction permits the pulleys to open and close easily without consuming the already scarce engine power.  Polaris’ Mini-Baja sponsorship program allowed the team to acquire a CVT and a wide range of tuning components at a small fraction of retail cost. 

The Polaris PVT fits a tapered crankshaft, so the primary pulley was bored and keyed to fit the 1” straight crankshaft of the Briggs & Stratton engine.  

For the CVT to shift below 3600 RPM, heavy flyweights and soft springs were required. Using electrical discharge machining, threaded holes were cut into a set of Polaris 10-66 race profile flyweights. Cap screws with fitted tungsten weights were then added to increase the mass and change the mass distribution of the flyweights for tuning.  
gearbox

After the CVT, the torque must be further multiplied prior to reaching the drive axles.  A 1994 Polaris Explorer 300 4x4 gearbox set-up is employed to achieve the desired drive reduction. The main advantage of using a gearbox as opposed to the fixed reduction system used in the 2003 vehicle is adaptability to different events (ie. loading requirements). This gearbox incorporates a low (6.64:1), high (3.29:1) neutral and reverse (5.54:1) gear. The 1994 Polaris Explorer 300 shifter is modified to accommodate cockpit shifting. This set up weighs 5 lbs more than last year’s fixed reduction final drive, however the advantages of this new arrangement far surpass the added weight. A new output shaft was fabricated in order to accommodate the rear-end geometry. A performance RK Takasago 520XSO motorcycle chain was chosen for durability, given that last year’s drive chain broke during testing. Another reason for switching to this high performance chain is the greater overall gear reduction possible as compared to the 2003 vehicle. A front 11T steel sprocket is used to achieve the desired result. 

The 2003 vehicle achieved a speed of approximately 25 mph. The target speed for the 2004 vehicle is 28 mph.  With a 25” rear tire, 28 Mph corresponds to a tire speed of 376 RPM.  Dividing the maximum engine speed (assuming 3100 RPM under full load) by the tire speed (376 RPM), an overall gear reduction of 8.25:1 is required.  The CVT’s high gear ratio is 0.76, so the fixed gear reduction ratio must therefore be 10.85:1.  Figure 8 shows how this is accomplished with a CVT, gearbox, and accompanying sprockets.  Assuming efficient power transmission, the torque at the rear axle will be in the range of 400-800 lb·ft, depending on speed.
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Figure 8 – Drive-Train

Differential

A wide rear track is necessary in order to keep universal joint operating angles to a minimum, yet still allow for large suspension travel. This leads to concerns about tire scrub, and prompts the decision to use a differential.

A Comet SCD-1 self-contained open differential was purchased from a go-kart supplier.  Its rated static torque capacity is 1000 lb·ft. After some simple machining, 40mm roller bearings were installed on the aluminum housing of the differential. Custom bearing supports were fabricated using CNC machined aluminum plates. Attachment slots in the chassis provide a means of chain tension adjustment.

A 36T #520 7075-aluminum motorcycle sprocket is fitted onto the differential. Aluminum is used for its light- weight on this large component.   

Drive Axles
To match the splines in the Polaris Sportsman rear hubs, Polaris universal jointed drive axles are used.  The differential and drive axles both have female inputs; therefore, a transition section had to be developed.  Go-kart half-axles were purchased which matched the internal splines of the differential.  Once cut to the proper length, these were welded into the Polaris drive axle ends.  Rear brake rotor flanges are keyed to the go-kart axles, permitting inboard brakes and hence, lowering the unsprung mass.

Braking

Four-wheel hydraulic disc brakes exhibited the best deceleration performance at the 2003 Midwest Mini-Baja competition.  Front calipers and rotors are from a Yamaha Warrior ATV.  The calipers mount directly to the front uprights and the rotors are bolted to the wheel hubs.  

For rear brakes, an additional set of Warrior front calipers and rotors were obtained.  As previously mentioned, rear calipers and rotors are mounted inboard on the drive axles.  

Proper front to rear brake pressure bias is achieved using a Wilwood dual master cylinder brake pedal assembly with balance bar adjustment.

In addition to conventional braking, a steering brake is also used.  This aids in cornering by permitting the independent control of the rear brake calipers.  As an added advantage, a loss of traction at one rear wheel can be corrected by braking that wheel, transferring torque “from the wheel with slip to the wheel with grip”.  It serves to provide steering control in water.

sTEERING

TILT ADDITION 

In order to provide comfort for drivers of all sizes, a tilt steering wheel was incorporated into the vehicle.  Last year’s Midwest vehicle had a fixed steering angle that was ergonomically discomforting for some drivers.  The new design consists of modifying the current steering supports to incorporate a pivoting mechanism that allows for three different tilt settings (at 0˚, 15˚, and 30˚), set by a locking pin.  The pivot housing is made from 3” X 2” 1020 steel tube with a 0.120” wall thickness and is welded to the steering support.  This was chosen due to its low-cost.  No machining is required.  The inner pivoting piece is cut from aluminum bar stock, which has a hole for the steering column to pass through.  A locking pin completes the design. Figure 9 depicts the tilt  mechanism.
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Figure 9 – Tilt Steering Mechanism (Left View)

Steering System

ObjectiveS

Minimize Bump and Roll Steer 

Bump steer refers to the toe-in/out of front wheels with suspension travel.  Any toe present during straightaway driving would cause tire scrub and consume limited engine power.  Roll steer is undesirable because it can make the steering response feel erratic.

Approximate Ackerman Geometry 

For all wheels to pivot about a common point, the inner wheel must turn at a sharper angle than the outer wheel (Figure 10):

In reality, the tires must slip to generate lateral forces, so the outer tire should be steered at slightly higher angles than predicted by Ackerman geometry.

Overall Steering Ratio 

The overall steering ratio is the ratio of the steering wheel angle to the average tire angle.  An overall steering ratio of approximately 4:1 might be desired. This would provide a 45° steer angle of the tires with a 180° input to the steering wheel, eliminating the need for hand-over-hand maneuvers. 

Wheel Stops

Wheel stops are required by SAE Mini-Baja rules.  The maximum tire angles were limited to 45 degrees to prevent a rotating tire from contacting the suspension system.

RACK AND PINION

Based on the above requirements a rack and pinion steering concept was selected due to its simplicity, durability, and the availability of units with fast steering ratios. Proper location of the inner tie rod ends for minimum bump steer can be achieved by fastening short extensions to the ends of the rack.

After considering many commercially available units, a rack having 1.5 turns lock-to-lock and 5 inches of total travel was selected. It provides an overall steering ratio of 6.2 when installed in the vehicle.  A 10” diameter steering wheel is used to give sufficient mechanical leverage for the driver.

Steering Geometry

Steering geometry and front suspension geometry are interdependent, and had to be optimized together using “Racing by the Numbers”.  The location of the outer tie rod end was fixed by the spindle geometry, thus only the inner pivot location could be changed. A distance of 14 3/8“ between inner tie rod pivots (eye to eye) was optimum for minimizing bump and roll steer. Plots of bump and roll steer effects are shown in Appendix B.

The optimum position of the rack was located just forward of the frame member at the driver’s heels. Through simulation, it was determined that moving the rack rearward increases toe out with steering motion, thus increasing Ackerman effects.  Conversely, moving the rack forward decreases toe out with steering motion. The final position of the rack is a compromise.  Interference with foot pedals placement was also a consideration.

Suspension

The main purpose of the suspension is to isolate the motion of the road from the vehicle chassis and hence improve ride comfort and traction.  The best method to accomplish good vibration isolation is to equip the vehicle with a four-wheel independent double A-arm type suspension.  This concept gives the designer more freedom to alter camber and track-change characteristics than any other method. Double A-arms can provide increasingly negative camber angle with suspension load, allowing the outside tires to remain relatively even with the ground on hard body roll (essential for maintaining lateral tire forces).
Front Suspension

The front track width of the 2004 vehicle approaches the rule limits (56” outside tire to outside tire) to permit use of long control arms.  This maximizes suspension travel and keeps ball joint angles within their intended range.  Secondly, a static ride height of 8” allows the vehicle to pass over obstacles on difficult terrain. 

A static caster angle of 10° was incorporated into the frame design.  This enables the front wheels to move rearward under bounce, helping to maintain forward momentum over bumps and absorb frontal landings.
Front hubs and uprights from a Yamaha Warrior ATV served as a starting point for front suspension design.  Based on these dimensions, tires and wheels were chosen with the appropriate offset to minimize scrub radius.  This decreases the effort required to steer the vehicle.

The lower ball joint position was based on wheel/tire dimensions, hub/upright dimensions and a static camber angle of –3°:  Upright dimensions dictated the location of the upper ball joint relative to the lower joint.  The lower frame pivot point was fixed based on a ride height of 8 inches and front chassis width of 15.25 inches.  This left the upper frame pivot point as the only variable available for optimization.  Figure 11 illustrates all of the relevant points in the front suspension.

 “Racing by the Numbers” software was used to manipulate the upper frame pivot point to achieve desired camber change as the vehicle undergoes bounce and roll.  The optimal upper arm length was calculated to be 12.2”, compared to 14.2” for the lower arm. Appendix C shows how the camber changes with suspension travel. 

Next, the suspension had to be fit with springs and dampers.  The process began by selecting an appropriate wheel rate for the front axle.  A typical road frequency of 3.2 Hz may be encountered at the competition.  This is based on a vehicle speed of 22Mph and a road surface with bumps spaced 10 feet apart.  The natural frequency of the suspension should be kept well below 3.2 Hz in order to avoid any unwanted excitation.  A front suspension natural frequency of 1.20 Hz was deemed to be suitable.  The wheel rate required to obtain this natural frequency was established using the following equation (assuming sprung mass of 150 lbm/wheel):
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The wheel rate for the front suspension was calculated to be approximately 22 lb/in.  The relationship between wheel rate and motion ratio (MR) was used to deduce the location of the shock actuation point on the lower control arm.
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Two dampers were investigated, a Fox damper 18” long with 6” of travel and a Bilstein damper 22.5” long with 8” of travel.

The upper shock location was selected to correspond to the intersection of two frame members in the plane of suspension travel.  Using “Racing by the Numbers”, the actuation point on the arm was altered in order to achieve 12” of wheel travel given the limited shock stroke.  

It was found that the Fox shock would have to be mounted very close to the pivot point due to its limited length and travel.  A very stiff spring would then be required to achieve the desired wheel rate.  A better solution was to use the Bilstein damper mounted 9” along the control arm from the pivot point.  This allows for use of the 8” of shock travel in order to obtain a full 12” of wheel travel.  At this location, the motion ratio was calculated to be 0.516.  Using this motion ratio, a spring rate of 85 lb/in was used to achieve a wheel center rate of 22.7 lb/in.  The actual effective rate is somewhat lower due to tire compliance.

Rear Suspension
Similarly, a ride height of 8” and a track width of 58” were implemented at the rear.

The location of suspension mounting points on the Polaris Sportsman 500 rear hub carrier became the starting point for the rear suspension.  The hub carrier and the A-arms are illustrated in the Figure 12.
Track width, tire height, carrier dimensions and a static camber angle of –2° fixed the location of upper and lower pivot points on the rear hub carrier.  The lower frame pivot was constrained by a static ride height of 8 inches and chassis width of 12.75 inches

“Racing by the Numbers” was then used to optimize the upper frame pivot location for desired camber change characteristics. Plots of camber change for bounce and roll motions are included in Appendix D.

The length of the drive axles must alter as the rear suspension moves through its travel. Based on “Racing by the Numbers” simulations, the amount of axle slip required was determined to be ¼”, which is well below the 2 ½” of slip available from the Polaris drive axles. It should also be noted that the universal joint operating angle does not exceed 36° for any portion of the suspension travel.

In order to reduce turning radius and improve maneuverability, some oversteer was desired. The vehicle will never reach speeds high enough to become unstable, so this is a relatively safe option. Oversteer can be achieved by having a higher roll stiffness on the rear axle compared to the front. Since roll stiffness is directly related to wheel rate, this can be accomplished by implementing a higher wheel rate on the rear suspension.

As recommended by Renfroe et al. [2], the natural frequency of the rear suspension should be 25% higher than the natural frequency of the front suspension in order to reduce vehicle pitch. Bumps hit the rear axle shortly after the front axle, so the higher natural frequency allows the rear motions to “catch up” to the front. 

In order to design for some oversteer and minimize pitch, a target natural frequency of 1.5 Hz was used for the rear suspension. Assuming a sprung mass of 150 lbm per wheel, this would imply a wheel center rate of approximately 35 lb/in.

“Racing by the Numbers” was used again to select appropriate spring stiffness. With a Bilstein damper mounted 9 inches along the upper control arm, the motion ratio was calculated to be 0.605. As a result, 100 lb/in springs were selected to give a wheel center rate of 34 lb/in.

REAR A-ARM MODIFICATIONS 

To attach fenders to the control arms, the upper control arms had to be modified at the ends adjacent to the hub carrier.  The previous design incorporated an L-bracket at the ends (Figure 12), which would interfere with the fender mounting requirements.  The existing pivot ends adjacent to the hub carrier on the lower control arm consisted of cylinders, which were ideal for the fender rack mounting.  The outboard ends on the upper control arm, were modified to incorporate a similar cylinder design (Figure 13).  1020 steel was chosen for the material of the new pieces due to low cost, and the fact that the control arms were originally constructed of the same material.
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Figure 13 – Modified upper control arm with Fender mount in place

SUSPENSION MANUFACTURING

Material Selection

1.25” O.D. x 0.065” wall 1020 DOM tubing was used to manufacture the rear and lower front control arms due to availability (same as frame material) and the fact that these control arms bear most of the dynamic loads.  A smaller diameter tube was investigated and might have been adequate, but unpredictable impact loads prompted the use of the larger tube.

Since the forces applied on the front upper control arm are relatively small, 1” X 0.065” 1020 DOM tubing was used in this location. The smaller size prevents clearance issues between the shock and control arm. 
Frame Mounting

Two alternatives were investigated for mounting the control arms to the frame: Pin joints and spherical rod ends.  Pin joints require tighter manufacturing tolerances for the suspension to pivot properly whereas rod ends allow for some imprecision due to their self-alignment feature. The width required to fit a pin joint is larger than the given tube diameter of 1.25”, so connections to vertical frame members are more difficult.  However, connection to any frame member orientation is possible using rod ends. Rod ends also remain functional if the control arm becomes slightly bent during the competition. Based on these facts, it was decided to use rod ends to mount the control arms to the frame.  

Upright Mounting

The front control arms are mounted to the Yamaha uprights using OEM ball joints.  The ball joint is angled at rest to prevent binding throughout suspension travel.  Advantages to using OEM ball joints for the front suspension include their capability for steering motions, and that they do not require double shear mounting.

In contrast, the rear control arms are mounted to the uprights using simple pin joints.  Custom plastic bushings were fabricated to facilitate a full range of motion without the need for lubrication.  Pin joints help restrict any steering-axis rotation of the rear tires. 

Suspension arm design was constrained by the geometry of the OEM rear hub carriers. The rear control arms connect to the sides of the hub carrier, rather than converging (Figure 12).  The possibility of warping during the welding process could cause the ends to become misaligned.  Fixtures were built to ensure minimal distortion.

Water Propulsion

REAR tires/FENDERS

Testing was conducted to determine the best type of tire for both on land and in-water performance. The ITP MUDLITE 25X10-12 (Figure 14) tires were chosen as a result. The tread pattern provided good traction on land and propulsion in the water. 
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Figure 14 – ITP MUDLITE 

The rear fender’s main purpose is to assist the vehicle with propulsion in the water event (Figure 15).  The fender outer shell and inner fins are constructed of 0.063“ 5052 H32 aluminum.  This material was chosen due to its lightweight and durability against wear from mud, rocks and debris.  It is desired to have the fenders maintain a close proximity to the tire tread in order to catch and re-direct as much of the tangential water stream as possible.  To maintain close proximity at all times, the fenders are fixed to the upper and lower control arms; with mountings adjacent to the hub carrier.  These points travel with the same vertical motion as the wheel.  For versatility, the fenders are designed to be removable in case they sustain damage and need to be serviced.  
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Figure 15 – Left Rear Fender and Mount

Rear Hubs and Bearing Carriers

The rear hubs and bearing carriers constitute an aluminum alloy casting. The pieces are a Polaris OEM design. 

The OEM hubs and bearing carriers were used; the hub is shown in Figure 16.
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Figure 16 – OEM Polaris Hub

 CONCLUSION

The design of the 2004 SAE Mini-Baja vehicle has provided students with a valuable opportunity for hands-on learning and experience with engineering decision-making. 

Further testing and modifications are to be completed in the coming weeks, in preparation for the East regional competition.  Based on research, testing and background knowledge, the team predicts good performance in all dynamic events, including a respectable showing in the endurance race.

After the competition, additional time will be spent analyzing the real-world performance of the vehicle and comparing this to earlier engineering calculations. Any suggested improvements will be shared with the 2005 Mini-Baja team, soon to be formed.
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Definitions, Acronyms, Abbreviations

OD: Outer diameter

DOM: Drawn over mandrel (cold worked)

RPM:  Revolutions per minute 

CVT: Continuously variable transmission
PVTTM:  Polaris variable transmission 

OEM: Original equipment manufactured
CNC: Computer numeric control

APPENDIX A 

	Vehicle #27 Specifications
	
	

	
	
	
	
	

	                                      Overall Vehicle Information
	 

	
	
	
	
	

	Width
	
	58.7 in
	
	

	Height
	
	64.8 in
	
	

	Length
	
	94 in
	
	

	Weight
	
	595 lbs 
	
	

	Weight Distribution (F/R)
	42/58
	
	

	Ground Clearance
	
	8 in
	
	

	Estimated Top Speed - Land

                                - Water
	
	25 MPH

3 MPH 
	
	

	Cost
	
	$10500 (US, Approx.)
	

	
	
	
	
	

	                                             Power/Drive-train
	 

	
	
	
	
	

	Engine
	
	Briggs and Stratton
	

	
	
	OHV, Gasoline Powered, 10 HP

	Clutch
	
	Polaris PVT P-90
	

	Transmission
	
	1994 Polaris 300 Xplorer 4X4

	
	
	Low (6.64:1), High (3.29:1),

	
	
	Reverse (5.54:1)
	

	Chain
	
	RK Takasago 520XSO 

	Differential
	
	Comet SCD-1
	

	Drive Axles
	
	Polaris Ranger
	

	
	
	
	
	

	                                           Frame and Flotation 
	 

	
	
	
	
	

	Frame Material
	
	1020 DOM Tubing
	

	Tubing
	
	Structural --> 1.25" X 0.065"

	
	
	Bracing --> 0.75" X 0.065"

	Max. Width
	
	25.6 in
	
	

	Max. Height
	
	50.8 in
	
	

	Max. Length
	
	80 in
	
	

	Flotation
	
	Dual Removable Side Flotation

	
	
	Rear Removable Flotation

	Water Propulsion
	
	Removable Rear Fenders

	Fender Material
	
	Aluminum Sheeting
	

	
	
	
	
	

	                                   Brakes, Suspension and Tires
	 

	
	
	
	
	

	Brakes
	
	Four-Wheel Hydraulic Disc Brakes

	Suspension
	
	Independent Double Wishbone

	Suspension Travel
	
	12 in
	
	

	Steering
	
	Rack and Pinion
	

	
	
	Tri-mode Tilt Steering
	

	Tires
	
	Front - Titan Fast Trekker 21X7-10

	
	
	Rear - ITP Mudlite 25X10-12
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Figure 7 - Desired CVT Shifting Characteristics (Engine Speed vs. Vehicle Speed)
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Figure 12 – Rear Suspension Assembly





Figure 10 – Ackerman Steering Geometry
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Figure 11 – Front Suspension Assembly
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Dans

		Model:		01-00-3147-0				Wheelbase		68

		Supplier:		Dan's Performance Parts				Track Width		49

		Cost (USD):		89.95

		width (eye to eye):		14		in

		travel (lock to lock):		5		in

		turns (lock to lock)		1.5

		Location from lower rear arm joint

		forward		1.16		in

		upward		2.06		in

																						Straight Ahead Bump Steer						Roll Steer (+ve into turn)

		Steering Wheel Angle		Rack Travel		Inner Wheel Angle		Outer Wheel Angle		Actual Toe Out		Ackerman Outer Wheel		Ackerman Toe		Steering Ratio		No Slip Turning Radius (ft)				Bump		Toe In				Rol Angle		Inner Wheel		Outer Wheel		AVG

		0		0.0				0.0		0.0		0.0		0.0		0.0		inf				-8.0		-11.9				0		0.0		0.0		0

		10.8		0.1		1.7		1.7		0.0		1.6		0.1		6.4		103.2				-7.0		-10.9				1		-0.5		-0.5		-0.462

		21.6		0.2		3.4		3.4		0.0		3.2		0.3		6.4		55.4				-6.0		-9.8				2		-1.0		-0.9		-0.9255

		32.4		0.3		5.1		5.1		0.1		4.6		0.6		6.4		39.4				-5.0		-8.5				3		-1.5		-1.3		-1.39

		43.2		0.4		6.9		6.8		0.1		5.9		1.0		6.4		31.3				-4.0		-7.1				4		-2.0		-1.7		-1.856

		54		0.5		8.6		8.4		0.2		7.1		1.5		6.4		26.4				-3.0		-5.6				5		-2.5		-2.1		-2.3255

		64.8		0.6		10.4		10.1		0.3		8.3		2.1		6.4		23.0				-2.0		-3.9				6		-3.1		-2.5		-2.799

		75.6		0.7		12.2		11.8		0.4		9.5		2.8		6.4		20.6				-1.0		-2.1				7		-3.7		-2.9		-3.276

		86.4		0.8		14.0		13.5		0.6		10.5		3.5		6.4		18.8				0.0		0.0				8		-4.3		-3.2		-3.759

		97.2		0.9		15.9		15.2		0.7		11.6		4.3		6.4		17.3				1.0		2.3				9		-4.9		-3.6		-4.248

		108		1.0		17.8		16.8		1.0		12.7		5.2		6.4		16.1				2.0		4.9				10		-5.6		-3.9		-4.744

		118.8		1.1		19.7		18.5		1.2		13.7		6.1		6.4		15.1				3.0		7.8

		129.6		1.2		21.7		20.2		1.4		14.7		7.0		6.3		14.2				4.0		11.3

		140.4		1.3		23.7		22.0		1.7		15.7		8.0		6.3		13.4

		151.2		1.4		25.8		23.7		2.1		16.7		9.1		6.3		12.7

		162		1.5		27.9		25.4		2.5		17.8		10.1		6.3		12.0

		172.8		1.6		30.1		27.1		3.0		18.9		11.3		6.2		11.4

		183.6		1.7		32.5		28.9		3.6		20.0		12.4		6.2		10.8

		194.4		1.8		34.9		30.7		4.3		21.3		13.6		6.1		10.2

		205.2		1.9		37.5		32.4		5.1		22.7		14.9		6.1		9.7

		216		2.0		40.4		34.2		6.1		24.3		16.1		6.0		9.1

		Conclusions:

		Dans rack is cheaper than Stiletto, and has an OK steering ratio -- 6.4:1 is acceptable

		We are looking for something in the range 4:1 (180 degrees steering motion = 45 degrees wheel motion)

		A width of 14 inches eye to eye seems ideal for balancing equal amounts of bump steer in compression and rebound.

		Roll steer is slightly better than with Stiletto.

		Ackerman effects are slightly better than the Stiletto rack

		THIS RACK IS THE BEST I COULD FIND FROM ANY SUPPLIER
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Actual Toe Out

Ackerman Toe

Steering Ratio

Steering Wheel Angle

0

0

6.3641720684

0.009

0.0701185696

6.3754427391

0.033

0.2699598898

6.3854946788

0.075

0.5854279296

6.3943161634

0.134

1.0034743278

6.4011379801

0.212

1.5134383971

6.4063272368

0.31

2.1057109965

6.409495549

0.429

2.772241263

6.411398041

0.571

3.5056562638

6.4116094987

0.739

4.3006626746

6.409875957

0.991

5.1781899208

6.4067303025

1.164

6.0566223771

6.4018968583

1.43

7.010292664

6.3957725948

1.739

8.0100499411

6.3878326996

2.097

9.0537617935

6.3784549965

2.515

10.1395567505

6.3676898699

3.005

11.2651791269

6.3553601717

3.584

12.4290084086

6.3413361169

4.273

13.6273706072

6.3259140514

5.107

14.8554624152

6.3089639863

6.139

16.1048945969



Stilletto

		Model:		Siletto C42-340				Wheelbase		68

		Supplier:		Chassis Shop				Track Width		49

		Cost (USD):		224.35

		width (eye to eye):		11.25		in

		travel (lock to lock):		4.5		in

		turns (lock to lock)		1.75

		Location from lower rear arm joint

		forward		1.16		in

		upward		2.06		in

																						Straight Ahead Bump Steer						Roll Steer (+ve into turn)

		Steering Wheel Angle		Rack Travel		Inner Wheel Angle		Outer Wheel Angle		Actual Toe Out		Ackerman Outer Wheel		Ackerman Toe		Steering Ratio		No Slip Turning Radius (ft)				Bump		Toe In				Rol Angle		Inner Wheel		Outer Wheel		AVG

		0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		inf				-8.0		-9.0				0		0.0		0.0		0

		14		0.1		1.7		1.7		0.0		1.6		0.1		8.3		103.5				-7.0		-9.0				1		-0.6		-0.5		-0.551

		28		0.2		3.4		3.4		0.0		3.1		0.3		8.3		55.5				-6.0		-8.7				2		-1.2		-1.0		-1.103

		42		0.3		5.1		5.1		0.1		4.6		0.6		8.3		39.4				-5.0		-8.0				3		-1.8		-1.5		-1.6555

		56		0.4		6.9		6.7		0.1		5.9		1.0		8.3		31.3				-4.0		-7.1				4		-2.5		-1.9		-2.2135

		70		0.5		8.6		8.4		0.2		7.1		1.5		8.3		26.4				-3.0		-5.9				5		-3.2		-2.3		-2.774

		84		0.6		10.4		10.1		0.3		8.3		2.1		8.4		23.1				-2.0		-4.3				6		-4.0		-2.7		-3.34

		98		0.7		12.2		11.8		0.4		9.4		2.8		8.3		20.7				-1.0		-2.4				7		-4.8		-3.0		-3.912

		112		0.8		14.0		13.5		0.6		10.5		3.5		8.3		18.8				0.0		0.0				8		-5.7		-3.3		-4.491

		126		0.9		15.8		15.1		0.7		11.6		4.3		8.3		17.3				1.0		2.8				9		-6.6		-3.6		-5.079

		140		1.0		17.7		16.8		0.9		12.6		5.1		8.3		16.1				2.0		6.2				10		-7.6		-3.8		-5.676

		154		1.1		19.6		18.5		1.1		13.6		6.0		8.3		15.1				3.0		10.3

		168		1.2		21.6		20.2		1.4		14.6		7.0		8.2		14.2				4.0		15.3

		182		1.3		23.6		21.9		1.7		15.6		8.0		8.2		13.4

		196		1.4		25.6		23.6		2.0		16.6		9.0		8.2		12.7

		210		1.5		27.8		25.4		2.4		17.7		10.1		8.1		12.1

		224		1.6		30.0		27.1		2.9		18.8		11.2		8.1		11.4

		238		1.7		32.3		28.9		3.4		19.9		12.3		8.0		10.9

		252		1.8		34.7		30.6		4.0		21.2		13.5		7.9		10.3

		266		1.9		37.2		32.4		4.8		22.5		14.7		7.8		9.7

		280		2.0		39.9		34.2		5.7		24.0		15.9		7.8		9.2

		Conclusions:

		Stiletto rack is expensive, and has a relatively slow steering ratio.

		We are looking for something in the range 4:1 (180 degrees steering motion = 45 degrees wheel motion)

		Also, the bump steer is a lillte high (especially in rebound) and Ackerman effects are not great.
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Actual Toe Out

Ackerman Toe

Steering Ratio

Steering Wheel Angle

0

0

8.2693443591

0.008

0.0697169931

8.2840236686

0.032

0.2686025699

8.2971157645

0.073

0.5824541074

8.3073727934

0.13

0.9984207491

8.315514374

0.205

1.5056282115

8.3217753121

0.3

2.0947839524

8.325545833

0.414

2.7571529176

8.3271375465

0.551

3.4865117212

8.3267248216
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0.9
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12.3185765009

8.2307214946

4.04

13.4965097573

8.2096231598

4.807

14.7007252215

8.1866557511

5.746

15.9224020835



OB

		Model:		Unknown				Wheelbase		68

		Supplier:		2001 Mini-Baja Team				Track Width		49

		Cost (USD):		Free!

		width (eye to eye):		14.375		in		width takes into account designed spacers

		travel (lock to lock):		5		in

		turns (lock to lock)		1.5

		Location from lower rear arm joint

		forward		1.16		in		as far back as possible in the frame

		upward		2.06		in

																						Straight Ahead Bump Steer						Roll Steer (+ve into turn)

		Steering Wheel Angle		Rack Travel		Inner Wheel Angle		Outer Wheel Angle		Actual Toe Out		Ackerman Outer Wheel		Ackerman Toe		Steering Ratio		No Slip Turning Radius (ft)				Bump		Toe In				Rol Angle		Inner Wheel		Outer Wheel		AVG

		0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		inf				-8.0		-12.4				0		0.0		0.0		0

		10.8		0.1		1.7		1.7		0.0		1.6		0.1		6.4		103.2				-7.0		-11.2				1		-0.5		-0.4		-0.4485

		21.6		0.2		3.4		3.4		0.0		3.2		0.3		6.4		55.4				-6.0		-9.9				2		-0.9		-0.9		-0.898

		32.4		0.3		5.2		5.1		0.1		4.6		0.6		6.4		39.3				-5.0		-8.6				3		-1.4		-1.3		-1.349

		43.2		0.4		6.9		6.8		0.1		5.9		1.0		6.4		31.3				-4.0		-7.1				4		-1.9		-1.7		-1.8015

		54		0.5		8.7		8.4		0.2		7.1		1.5		6.4		26.4				-3.0		-5.5				5		-2.4		-2.1		-2.2565

		64.8		0.6		10.4		10.1		0.3		8.3		2.1		6.4		23.0				-2.0		-3.8				6		-3.0		-2.5		-2.7155

		75.6		0.7		12.2		11.8		0.4		9.5		2.8		6.4		20.6				-1.0		-2.0				7		-3.5		-2.9		-3.178

		86.4		0.8		14.1		13.5		0.6		10.5		3.5		6.4		18.8				0.0		0.0				8		-4.1		-3.2		-3.646

		97.2		0.9		15.9		15.2		0.7		11.6		4.3		6.4		17.3				1.0		2.2				9		-4.7		-3.6		-4.119

		108		1.0		17.8		16.9		0.9		12.6		5.2		6.4		16.1				2.0		4.7				10		-5.3		-3.9		-4.599

		118.8		1.1		19.7		18.5		1.2		13.7		6.1		6.4		15.1				3.0		7.5

		129.6		1.2		21.7		20.2		1.4		14.7		7.0		6.3		14.2				4.0		10.7

		140.4		1.3		23.7		22.0		1.8		15.7		8.0		6.3		13.4

		151.2		1.4		25.8		23.7		2.1		16.7		9.1		6.3		12.7

		162		1.5		27.9		25.4		2.5		17.8		10.2		6.3		12.0

		172.8		1.6		30.2		27.1		3.0		18.9		11.3		6.2		11.4

		183.6		1.7		32.5		28.9		3.6		20.1		12.4		6.2		10.8

		194.4		1.8		35.0		30.7		4.3		21.3		13.6		6.1		10.2

		205.2		1.9		37.6		32.4		5.2		22.7		14.9		6.1		9.7

		216		2.0		40.4		34.2		6.2		24.3		16.1		6.0		9.1

		Conclusions:

		2001 Mini-Baja rack is free to us, although it has been damaged and needs repair around mounting bolts, new boots, etc.

		It offers the same steering ratio as the Dan's Performance rack -- an acceptable 6.4:1

		Ackerman effects are the same as the Dan's Performance rack

		The best bump and roll steer properties come with this rack, because of its custom length (spacers)

		USE THIS RACK. CLEAN IT UP FIRST, AND MAKE SURE IT IS IN WORKING ORDER,
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OBF

		Model:		Unknown				Wheelbase		68

		Supplier:		2001 Mini-Baja Team				Track Width		49

		Cost (USD):		Free!

		width (eye to eye):		14.375		in		width takes into account designed spacers

		travel (lock to lock):		5		in

		turns (lock to lock)		1.5

		Location from lower rear arm joint

		forward		2.0997		in		forward 1 inch from original position

		upward		2.4020		in

																						Straight Ahead Bump Steer						Roll Steer (+ve into turn)

		Steering Wheel Angle		Rack Travel		Inner Wheel Angle		Outer Wheel Angle		Actual Toe Out		Ackerman Outer Wheel		Ackerman Toe		Steering Ratio		No Slip Turning Radius (ft)				Bump		Toe In				Rol Angle		Inner Wheel		Outer Wheel		AVG

		0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		inf				-8.0		-12.3				0		0.0		0.0		0

		10.8		0.1		1.7		1.7		0.0		1.6		0.1		6.4		104.2				-7.0		-11.1				1		-0.5		-0.4		-0.4445

		21.6		0.2		3.4		3.4		0.0		3.1		0.3		6.4		55.9				-6.0		-9.9				2		-0.9		-0.9		-0.891

		32.4		0.3		5.1		5.0		0.0		4.5		0.6		6.4		39.8				-5.0		-8.5				3		-1.4		-1.3		-1.3375

		43.2		0.4		6.8		6.7		0.1		5.8		1.0		6.4		31.6				-4.0		-7.0				4		-1.9		-1.7		-1.7865

		54		0.5		8.5		8.4		0.1		7.0		1.5		6.4		26.7				-3.0		-5.5				5		-2.4		-2.1		-2.2385

		64.8		0.6		10.2		10.1		0.1		8.2		2.0		6.4		23.3				-2.0		-3.8				6		-2.9		-2.5		-2.693

		75.6		0.7		12.0		11.8		0.2		9.3		2.7		6.4		20.9				-1.0		-2.0				7		-3.5		-2.8		-3.1525

		86.4		0.8		13.8		13.5		0.3		10.4		3.4		6.4		19.0				0.0		0.0				8		-4.0		-3.2		-3.617

		97.2		0.9		15.5		15.2		0.4		11.4		4.1		6.3		17.6				1.0		2.2				9		-4.6		-3.5		-4.087

		108		1.0		17.4		17.0		0.4		12.4		5.0		6.0		16.3				2.0		4.6				10		-5.2		-3.9		-4.5635

		118.8		1.1		19.2		18.6		0.6		13.4		5.8		6.6		15.3				3.0		7.4

		129.6		1.2		21.1		20.4		0.7		14.4		6.7		6.2		14.4				4.0		10.6

		140.4		1.3		23.0		22.1		0.9		15.3		7.7		6.2		13.6

		151.2		1.4		24.9		23.9		1.0		16.3		8.6		6.1		12.9

		162		1.5		26.9		25.7		1.3		17.3		9.6		6.1		12.3

		172.8		1.6		29.0		27.5		1.5		18.3		10.7		6.0		11.7

		183.6		1.7		31.1		29.3		1.8		19.3		11.7		6.0		11.2

		194.4		1.8		33.3		31.1		2.2		20.5		12.8		5.9		10.6

		205.2		1.9		35.6		33.0		2.6		21.6		13.9		5.8		10.1

		216		2.0		38.0		34.9		3.2		22.9		15.1		5.7		9.6

		Conclusions:

		2001 Mini-Baja rack is free to us, although it has been damaged and needs repair around mounting bolts, new boots, etc.

		It offers the same steering ratio as the Dan's Performance rack -- an acceptable 6.4:1

		Ackerman effects are worsened (and almost lost completely) when rack is moved forward.

		Bump and roll steer properties improve slightly when rack is moved forward.

		KEEP RACK AS FAR BACK AS POSSIBLE. DO NOT MOVE FORWARD.
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Dans

		Model:		01-00-3147-0				Wheelbase		68

		Supplier:		Dan's Performance Parts				Track Width		49

		Cost (USD):		89.95

		width (eye to eye):		14		in

		travel (lock to lock):		5		in

		turns (lock to lock)		1.5

		Location from lower rear arm joint

		forward		1.16		in

		upward		2.06		in

																						Straight Ahead Bump Steer						Roll Steer (+ve into turn)

		Steering Wheel Angle		Rack Travel		Inner Wheel Angle		Outer Wheel Angle		Actual Toe Out		Ackerman Outer Wheel		Ackerman Toe		Steering Ratio		No Slip Turning Radius (ft)				Bump		Toe In				Rol Angle		Inner Wheel		Outer Wheel		AVG

		0		0.0				0.0		0.0		0.0		0.0		0.0		inf				-8.0		-11.9				0		0.0		0.0		0

		10.8		0.1		1.7		1.7		0.0		1.6		0.1		6.4		103.2				-7.0		-10.9				1		-0.5		-0.5		-0.462

		21.6		0.2		3.4		3.4		0.0		3.2		0.3		6.4		55.4				-6.0		-9.8				2		-1.0		-0.9		-0.9255

		32.4		0.3		5.1		5.1		0.1		4.6		0.6		6.4		39.4				-5.0		-8.5				3		-1.5		-1.3		-1.39

		43.2		0.4		6.9		6.8		0.1		5.9		1.0		6.4		31.3				-4.0		-7.1				4		-2.0		-1.7		-1.856

		54		0.5		8.6		8.4		0.2		7.1		1.5		6.4		26.4				-3.0		-5.6				5		-2.5		-2.1		-2.3255

		64.8		0.6		10.4		10.1		0.3		8.3		2.1		6.4		23.0				-2.0		-3.9				6		-3.1		-2.5		-2.799

		75.6		0.7		12.2		11.8		0.4		9.5		2.8		6.4		20.6				-1.0		-2.1				7		-3.7		-2.9		-3.276

		86.4		0.8		14.0		13.5		0.6		10.5		3.5		6.4		18.8				0.0		0.0				8		-4.3		-3.2		-3.759

		97.2		0.9		15.9		15.2		0.7		11.6		4.3		6.4		17.3				1.0		2.3				9		-4.9		-3.6		-4.248

		108		1.0		17.8		16.8		1.0		12.7		5.2		6.4		16.1				2.0		4.9				10		-5.6		-3.9		-4.744

		118.8		1.1		19.7		18.5		1.2		13.7		6.1		6.4		15.1				3.0		7.8

		129.6		1.2		21.7		20.2		1.4		14.7		7.0		6.3		14.2				4.0		11.3

		140.4		1.3		23.7		22.0		1.7		15.7		8.0		6.3		13.4

		151.2		1.4		25.8		23.7		2.1		16.7		9.1		6.3		12.7

		162		1.5		27.9		25.4		2.5		17.8		10.1		6.3		12.0

		172.8		1.6		30.1		27.1		3.0		18.9		11.3		6.2		11.4

		183.6		1.7		32.5		28.9		3.6		20.0		12.4		6.2		10.8

		194.4		1.8		34.9		30.7		4.3		21.3		13.6		6.1		10.2

		205.2		1.9		37.5		32.4		5.1		22.7		14.9		6.1		9.7

		216		2.0		40.4		34.2		6.1		24.3		16.1		6.0		9.1

		Conclusions:

		Dans rack is cheaper than Stiletto, and has an OK steering ratio -- 6.4:1 is acceptable

		We are looking for something in the range 4:1 (180 degrees steering motion = 45 degrees wheel motion)

		A width of 14 inches eye to eye seems ideal for balancing equal amounts of bump steer in compression and rebound.

		Roll steer is slightly better than with Stiletto.

		Ackerman effects are slightly better than the Stiletto rack

		THIS RACK IS THE BEST I COULD FIND FROM ANY SUPPLIER
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Stilletto

		Model:		Siletto C42-340				Wheelbase		68

		Supplier:		Chassis Shop				Track Width		49

		Cost (USD):		224.35

		width (eye to eye):		11.25		in

		travel (lock to lock):		4.5		in

		turns (lock to lock)		1.75

		Location from lower rear arm joint

		forward		1.16		in

		upward		2.06		in

																						Straight Ahead Bump Steer						Roll Steer (+ve into turn)

		Steering Wheel Angle		Rack Travel		Inner Wheel Angle		Outer Wheel Angle		Actual Toe Out		Ackerman Outer Wheel		Ackerman Toe		Steering Ratio		No Slip Turning Radius (ft)				Bump		Toe In				Rol Angle		Inner Wheel		Outer Wheel		AVG

		0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		inf				-8.0		-9.0				0		0.0		0.0		0

		14		0.1		1.7		1.7		0.0		1.6		0.1		8.3		103.5				-7.0		-9.0				1		-0.6		-0.5		-0.551

		28		0.2		3.4		3.4		0.0		3.1		0.3		8.3		55.5				-6.0		-8.7				2		-1.2		-1.0		-1.103

		42		0.3		5.1		5.1		0.1		4.6		0.6		8.3		39.4				-5.0		-8.0				3		-1.8		-1.5		-1.6555

		56		0.4		6.9		6.7		0.1		5.9		1.0		8.3		31.3				-4.0		-7.1				4		-2.5		-1.9		-2.2135

		70		0.5		8.6		8.4		0.2		7.1		1.5		8.3		26.4				-3.0		-5.9				5		-3.2		-2.3		-2.774

		84		0.6		10.4		10.1		0.3		8.3		2.1		8.4		23.1				-2.0		-4.3				6		-4.0		-2.7		-3.34

		98		0.7		12.2		11.8		0.4		9.4		2.8		8.3		20.7				-1.0		-2.4				7		-4.8		-3.0		-3.912

		112		0.8		14.0		13.5		0.6		10.5		3.5		8.3		18.8				0.0		0.0				8		-5.7		-3.3		-4.491

		126		0.9		15.8		15.1		0.7		11.6		4.3		8.3		17.3				1.0		2.8				9		-6.6		-3.6		-5.079

		140		1.0		17.7		16.8		0.9		12.6		5.1		8.3		16.1				2.0		6.2				10		-7.6		-3.8		-5.676

		154		1.1		19.6		18.5		1.1		13.6		6.0		8.3		15.1				3.0		10.3

		168		1.2		21.6		20.2		1.4		14.6		7.0		8.2		14.2				4.0		15.3

		182		1.3		23.6		21.9		1.7		15.6		8.0		8.2		13.4

		196		1.4		25.6		23.6		2.0		16.6		9.0		8.2		12.7

		210		1.5		27.8		25.4		2.4		17.7		10.1		8.1		12.1

		224		1.6		30.0		27.1		2.9		18.8		11.2		8.1		11.4

		238		1.7		32.3		28.9		3.4		19.9		12.3		8.0		10.9

		252		1.8		34.7		30.6		4.0		21.2		13.5		7.9		10.3

		266		1.9		37.2		32.4		4.8		22.5		14.7		7.8		9.7

		280		2.0		39.9		34.2		5.7		24.0		15.9		7.8		9.2

		Conclusions:

		Stiletto rack is expensive, and has a relatively slow steering ratio.

		We are looking for something in the range 4:1 (180 degrees steering motion = 45 degrees wheel motion)

		Also, the bump steer is a lillte high (especially in rebound) and Ackerman effects are not great.
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OB

		Model:		Unknown				Wheelbase		68

		Supplier:		2001 Mini-Baja Team				Track Width		49

		Cost (USD):		Free!

		width (eye to eye):		14.375		in		width takes into account designed spacers

		travel (lock to lock):		5		in

		turns (lock to lock)		1.5

		Location from lower rear arm joint

		forward		1.16		in		as far back as possible in the frame

		upward		2.06		in

																						Straight Ahead Bump Steer						Roll Steer (+ve into turn)

		Steering Wheel Angle		Rack Travel		Inner Wheel Angle		Outer Wheel Angle		Actual Toe Out		Ackerman Outer Wheel		Ackerman Toe		Steering Ratio		No Slip Turning Radius (ft)				Bump		Toe In				Rol Angle		Inner Wheel		Outer Wheel		AVG

		0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		inf				-8.0		-12.4				0		0.0		0.0		0

		10.8		0.1		1.7		1.7		0.0		1.6		0.1		6.4		103.2				-7.0		-11.2				1		-0.5		-0.4		-0.4485

		21.6		0.2		3.4		3.4		0.0		3.2		0.3		6.4		55.4				-6.0		-9.9				2		-0.9		-0.9		-0.898

		32.4		0.3		5.2		5.1		0.1		4.6		0.6		6.4		39.3				-5.0		-8.6				3		-1.4		-1.3		-1.349

		43.2		0.4		6.9		6.8		0.1		5.9		1.0		6.4		31.3				-4.0		-7.1				4		-1.9		-1.7		-1.8015

		54		0.5		8.7		8.4		0.2		7.1		1.5		6.4		26.4				-3.0		-5.5				5		-2.4		-2.1		-2.2565

		64.8		0.6		10.4		10.1		0.3		8.3		2.1		6.4		23.0				-2.0		-3.8				6		-3.0		-2.5		-2.7155

		75.6		0.7		12.2		11.8		0.4		9.5		2.8		6.4		20.6				-1.0		-2.0				7		-3.5		-2.9		-3.178

		86.4		0.8		14.1		13.5		0.6		10.5		3.5		6.4		18.8				0.0		0.0				8		-4.1		-3.2		-3.646

		97.2		0.9		15.9		15.2		0.7		11.6		4.3		6.4		17.3				1.0		2.2				9		-4.7		-3.6		-4.119

		108		1.0		17.8		16.9		0.9		12.6		5.2		6.4		16.1				2.0		4.7				10		-5.3		-3.9		-4.599

		118.8		1.1		19.7		18.5		1.2		13.7		6.1		6.4		15.1				3.0		7.5

		129.6		1.2		21.7		20.2		1.4		14.7		7.0		6.3		14.2				4.0		10.7

		140.4		1.3		23.7		22.0		1.8		15.7		8.0		6.3		13.4

		151.2		1.4		25.8		23.7		2.1		16.7		9.1		6.3		12.7

		162		1.5		27.9		25.4		2.5		17.8		10.2		6.3		12.0

		172.8		1.6		30.2		27.1		3.0		18.9		11.3		6.2		11.4

		183.6		1.7		32.5		28.9		3.6		20.1		12.4		6.2		10.8

		194.4		1.8		35.0		30.7		4.3		21.3		13.6		6.1		10.2

		205.2		1.9		37.6		32.4		5.2		22.7		14.9		6.1		9.7

		216		2.0		40.4		34.2		6.2		24.3		16.1		6.0		9.1

		Conclusions:

		2001 Mini-Baja rack is free to us, although it has been damaged and needs repair around mounting bolts, new boots, etc.

		It offers the same steering ratio as the Dan's Performance rack -- an acceptable 6.4:1

		Ackerman effects are the same as the Dan's Performance rack

		The best bump and roll steer properties come with this rack, because of its custom length (spacers)

		USE THIS RACK. CLEAN IT UP FIRST, AND MAKE SURE IT IS IN WORKING ORDER,
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OBF

		Model:		Unknown				Wheelbase		68

		Supplier:		2001 Mini-Baja Team				Track Width		49

		Cost (USD):		Free!

		width (eye to eye):		14.375		in		width takes into account designed spacers

		travel (lock to lock):		5		in

		turns (lock to lock)		1.5

		Location from lower rear arm joint

		forward		2.0997		in		forward 1 inch from original position

		upward		2.4020		in

																						Straight Ahead Bump Steer						Roll Steer (+ve into turn)

		Steering Wheel Angle		Rack Travel		Inner Wheel Angle		Outer Wheel Angle		Actual Toe Out		Ackerman Outer Wheel		Ackerman Toe		Steering Ratio		No Slip Turning Radius (ft)				Bump		Toe In				Rol Angle		Inner Wheel		Outer Wheel		AVG

		0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		inf				-8.0		-12.3				0		0.0		0.0		0

		10.8		0.1		1.7		1.7		0.0		1.6		0.1		6.4		104.2				-7.0		-11.1				1		-0.5		-0.4		-0.4445

		21.6		0.2		3.4		3.4		0.0		3.1		0.3		6.4		55.9				-6.0		-9.9				2		-0.9		-0.9		-0.891

		32.4		0.3		5.1		5.0		0.0		4.5		0.6		6.4		39.8				-5.0		-8.5				3		-1.4		-1.3		-1.3375

		43.2		0.4		6.8		6.7		0.1		5.8		1.0		6.4		31.6				-4.0		-7.0				4		-1.9		-1.7		-1.7865

		54		0.5		8.5		8.4		0.1		7.0		1.5		6.4		26.7				-3.0		-5.5				5		-2.4		-2.1		-2.2385

		64.8		0.6		10.2		10.1		0.1		8.2		2.0		6.4		23.3				-2.0		-3.8				6		-2.9		-2.5		-2.693

		75.6		0.7		12.0		11.8		0.2		9.3		2.7		6.4		20.9				-1.0		-2.0				7		-3.5		-2.8		-3.1525

		86.4		0.8		13.8		13.5		0.3		10.4		3.4		6.4		19.0				0.0		0.0				8		-4.0		-3.2		-3.617

		97.2		0.9		15.5		15.2		0.4		11.4		4.1		6.3		17.6				1.0		2.2				9		-4.6		-3.5		-4.087

		108		1.0		17.4		17.0		0.4		12.4		5.0		6.0		16.3				2.0		4.6				10		-5.2		-3.9		-4.5635

		118.8		1.1		19.2		18.6		0.6		13.4		5.8		6.6		15.3				3.0		7.4

		129.6		1.2		21.1		20.4		0.7		14.4		6.7		6.2		14.4				4.0		10.6

		140.4		1.3		23.0		22.1		0.9		15.3		7.7		6.2		13.6

		151.2		1.4		24.9		23.9		1.0		16.3		8.6		6.1		12.9

		162		1.5		26.9		25.7		1.3		17.3		9.6		6.1		12.3

		172.8		1.6		29.0		27.5		1.5		18.3		10.7		6.0		11.7

		183.6		1.7		31.1		29.3		1.8		19.3		11.7		6.0		11.2

		194.4		1.8		33.3		31.1		2.2		20.5		12.8		5.9		10.6

		205.2		1.9		35.6		33.0		2.6		21.6		13.9		5.8		10.1

		216		2.0		38.0		34.9		3.2		22.9		15.1		5.7		9.6

		Conclusions:

		2001 Mini-Baja rack is free to us, although it has been damaged and needs repair around mounting bolts, new boots, etc.

		It offers the same steering ratio as the Dan's Performance rack -- an acceptable 6.4:1

		Ackerman effects are worsened (and almost lost completely) when rack is moved forward.

		Bump and roll steer properties improve slightly when rack is moved forward.

		KEEP RACK AS FAR BACK AS POSSIBLE. DO NOT MOVE FORWARD.
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		0		0		10.8

		10.8		10.8		21.6

		21.6		21.6		32.4
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		54		54		64.8

		64.8		64.8		75.6
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Actual Toe Out

Ackerman Toe

Steering Ratio

Steering Wheel Angle

0

0

6.4133016627

0.004

0.0686780523

6.4171122995

0.016

0.2641006192

6.4183835182

0.034

0.5712550512

6.4190193165

0.062

0.9775193023

6.4178749703

0.098

1.4711362177

6.4152064152

0.144

2.042544158

6.410582549

0.201

2.6836474704

6.404269513

0.269

3.3867236179

6.3959992104

0.35

4.1461126294

6.3563062798

0.367

4.9565483347

6.3751006171

0.561

5.8132916823

6.361985175

0.694

6.7124134077

6.3474840635

0.852

7.6511384643

6.3311280462

1.037

8.6261579937

6.313082109

1.255

9.6348056117

6.2934770732

1.513

10.6742100642

6.2722055206

1.818

11.740790303

6.2491963482

2.183

12.8320113041

6.2244062244

2.622

13.9426417652

6.1978135491

3.157

15.0661563134



BumpRoll Steer

		





BumpRoll Steer
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OB w/Spaers

Bump (in)

Toe in (deg)

Bump Steer

-12.391

-11.217

-9.946

-8.58

-7.113

-5.538

-3.841

-2.004

0

2.206

4.666

7.452

10.673



		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10



OB w/Spaers

Roll (degrees)

Steer (deg)

Roll Steer

0

-0.4485

-0.898

-1.349

-1.8015

-2.2565

-2.7155

-3.178

-3.646

-4.119

-4.599




