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Executive Summary
The objective of this project is to develop the cockpit ergonomics for SAE Mini-Baja and Formula SAE to meet certain requirements.  Some of the items included in the design are the steering wheel, shifter, pedal tray, seat, restraints, gauges, control panel, and any other items that we feel are necessary. 

Some of the basic requirements are the car must be adaptable to a driver 6’ 3” tall and weighing 250 lbs down to a driver 5’ 5” and approximately 120 lbs.  The driver must be securely restrained and still be able to reach all of the controls without removing the harness.  The driver must also be able to exit the car from a “race ready” state in a maximum of five seconds. 

Both cockpits should be sufficiently comfortable as to prevent driver fatigue during the endurance events and long testing sessions.  The steering wheel should clear the driver’s legs and not position the driver’s hands where they could be interfered with by any obstructions.  The shifter must also be sufficiently clear of the driver to prevent obstructing entrance or egress.  All drivers should be able to comfortably reach the pedals without the need of any spacers or blocks attached to the feet or pedals as specified by the SAE rules.  Also all drivers should be properly restrained in the seats as to prevent any movement while in the harness, and the seats themselves should not move while the vehicle is undergoing any dynamic loads.  Lastly, all gauges (when applicable) should be clearly visible to the driver as well as any emergency kill switches.
At the end of this project, we will produce both detailed drawings as well as a prototype of each cockpit.  We have full confidence that this project will be a success with the proper research and testing.
1.0 Introduction
1.1 SAE Competition Background

Formula Series:


Students design, manufacture, and compete with small formula-style racecars.  Restrictions are placed on the car frame and engine so the students are challenged on their knowledge, creativity, and imagination.  Four-cycle engines up to 610cc can be used with the optional addition of a turbocharger or supercharger to add a new dimension to the challenge of engine design.
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Figure 1: Current SAE Formula car

The vehicles are judged in three different categories: static inspection and engineering design, solo performance trails, and high-performance track endurance.

Baja Series:


Mini Baja series consists of three regional competitions that simulate real-world engineering design projects and challenges.  Engineering students are challenged to design and build an off-road vehicle that will survive the severe punishment of rough terrain and in the East competition; some water is added to the terrain. 
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Figure 2: Current SAE Baja Car
The object of the competition is to provide SAE student members with a challenging project that involves the planning and manufacturing tasks found when introducing a new product to the consumer industrial market.  Teams compete against one another to have their design accepted for manufacture by a fictitious firm.  Students must function as a team in order to design, build, test, promote, and race their vehicle within the limits of the rules.  Students are also forced to generate financial support for their project and manage their educational priorities. 

All vehicles are powered by a ten-horsepower, Intek Model 20, engine donated by the Briggs & Stratton Corporation.  For over twenty-five years, the generosity of Briggs & Stratton has enabled SAE to provide each team with a dependable engine free of charge.  Use of the same engine by all the teams creates a more challenging engineering design challenge. 

1.2 What is Ergonomics?

The term ergonomics comes from the Greek syllables ergon, which means “work”; and nomos, which means “laws”, first appeared in a Polish article published in 1857, but the modern discipline did not take shape until half a century later.  The study of human factors did not gain much public attention until World War II (1939-1945).  Accidents with military equipment were often blamed on human error, but investigations revealed that some were caused by poorly designed controls.  The modern discipline of ergonomics was born in the United Kingdom on July 12, 1949, at a meeting of those interested in human work problems in the British navy.  At another meeting, held on February 16, 1950, the term ergonomics was formally adopted for this growing discipline.

Today in the United States, ergonomics professionals belong to the Human Factors and Ergonomics Society (HFES), an organization with over 5,000 members interested in topics ranging from aging and aerospace to computers.  The HFES is active in developing national and international technical standards to help improve the design of products and workplaces.  Ergonomists also work with the United States Occupational Safety and Health Administration (OSHA) to develop ergonomic guidelines, standards, and regulations to ensure the safety and comfort of American workers.

Ergonomic design makes consumer products safer, easier to use, and more reliable.  In many manufacturing industries, ergonomists work with designers to develop products that fit the bodies and meet the expectations of the people who will use them.  An ergonomically designed toothbrush, for example, has a broad handle for easy grip, a bent neck for easier access to back teeth, and a bristle head shaped for better tooth surface contact.  The shaving razor has undergone a similar design revolution.  The bent-handled, easy-grip models popular today are more comfortable to use and have a better shaving performance than the straight-edged razors of days gone by.

Ergonomic design has dramatically changed the interior appearance of automobiles.  The steering wheel—once a solid, awkward disk—is now larger and padded for an easier, more comfortable grip.  Its center is removed to improve the driver’s view of the instruments on the dashboard.  Larger, contoured seats, adjustable to suit a variety of body sizes and posture preferences, have replaced the small, upright seats of early automobiles.  Equipped with seatbelts and adjustable headrests that prevent the neck from snapping backward in the event of a collision, modern automobile seats are not only more comfortable, they are also safer.  The principles of ergonomic design affect other features of the automobile as well.  The center-mounted rear windshield brake light, now a required component of all new automobiles, is an ergonomic innovation that saves lives.

Ergonomics or human factors are the scientific discipline concerned with the understanding of interactions among humans and other elements of a system.  Virtually, all automotive and component manufacturers already recognize ergonomics as an important part of the vehicle design process.  For example, the first phase of the design process is to make sure that the driver can reach all of the controls, see and understand the dashboard displays, and feel comfortable in the seat.  If the vehicle controls are not strategically placed, the driver will have difficulty operating the vehicle, and the vehicle will not be capable of reaching its peak performance.  Whether it is Nigel Mansell not fitting into his Formula One driver’s cab or your own sore back after a long motorway journey.  In extreme cases, the safety of the driver and others could be in jeopardy if the controls are not easily accessible.  Driver comfort and accessibility of the vehicle’s controls during the car’s operation maximizes the performance capabilities of the car.  Customers value ergonomics and they will pay for it.
2.0 Design Specifications

General
· Adjustable to Driver

· Smallest driver 5’ 5”

· Largest driver 6’ 3”

· Allow for a quick egress

· Max 5 seconds

· Driver must be securely restrained  

· Driver must be able to reach all controls when buckled in

· Must be sufficiently comfortable to prevent driver fatigue during the race

· The steering wheel and shifter should be clear of the driver at all times

· All gauges should be clearly visible to the driver

Mini Baja

· Firewall (32.3)
· Must be between cockpit and the engine and fuel tank
· Must be metal, at least 0.508 mm (0.020 in.) thick
· Belly Pan (32.4)
· Must cover entire length of cockpit
· May be metal or equivalent plastic sheet
· Leg and foot shielding (32.5)
· All steering and suspension links must be shielded from driver’s legs
· Driver’s feet must be completely in the roll cage
· Kill switches (32.6)
· Each vehicle must have two easily accessible kill switches effecting the ignition and the entire electrical system
· Must have a cockpit and external kill switch

· Must be labeled as “kill switch”

· Fire extinguisher (32.7)
· Must have a minimum UL rating of 5 B-C
· Must be mounted in cockpit below driver’s head
· Mountings must be designed to resist shaking loose over rough terrain
· Must be equipped with a manufacturer installed dial pressure/charge gauge
· Must be labeled with school name and car number
· Throttle (32.8)
· Only foot operated throttle controls are allowed
· Push/pull style cable
· Must be positioned to avoid foot entrapment
· No driver may add extensions to the control surface or the driver

· Restraints (33.1)
· Four strap restraint system is required
· Must have arm restraints
· Belts cannot be more than three years old
· All belts must be joined with a single metal-to-metal quick release lever type buckle
· Brakes (34)
· Single foot brake
· Two independent hydraulic systems in case of failure
· Driver equipment (39)
· Driver must wear a helmet with Snell M-2000 or SA-2000 rating, neck support, and goggles
· Must wear appropriate clothing, including long pants, socks, shoes, gloves, and a long sleeved upper garment
· For deep water events, each driver must wear a U.S. Coast Guard approved life jacket
Formula (2004 FSAE rule)

· Brakes (3.2.5)

· Operated by a single control

· Must have two independent hydraulic circuits

· Must have an analog brake over travel switch that is capable of killing the ignition and cutting power to any electrical fuel pumps

· Throttle (3.5.4.2)

· Must be mechanically actuated (e.g. via a cable or a rod system)

· Must have at least two return springs

· Incorporate a positive pedal stop

· Have a pedal capable of forcing the throttle closed (e.g. toe strap) 

· Driver restraint (3.4.1)

· Use either a five or six point restraint system, meeting SFI specification 16.1

· Must be mounted according to FSAE rule 3.4.1 (D,E,F)

· Must include arm restraints

· Safety equipment (3.4.2)

· A closed face helmet integrating a full face shield or goggles with a Snell SA-2000 or M-2000 rating or better must be worn

· A fire resistant suit with gloves and shoes meeting SFI 3.2A/1 standards or higher

· Driver visibility (3.4.3)

· Minimum of 200 degrees field of vision by either driver turning his head or the use of mirrors

· Head restraint (3.4.4.1)

· Minimum of 36 square inches

· Minimum 1.5 inches of padding

· Maximum of 1 inch away from drivers helmet

· Able to withstand an 890 N or 200 lb force applied in the rearward direction

· Role bar padding (3.4.4.2)

· Any portion of roll bar that might be able to contact the drivers helmet must be padded with material at least 0.5 inches thick

· Floor closeout (3.4.5)

· Must completely separate driver from pavement

· Maximum gaps between panels 1/8 inch

· Steering wheel (3.4.6)

· Near circular perimeter

· Must use a quick disconnect

· Driver egress (3.4.7)

· Max 5 seconds

· Master switch (3.4.9)

· Must be in easy reach of driver

· Properly labeled as per FSAE rule 3.4.9.3

· Firewall (3.4.10)

· Must completely separate driver compartment from all components of: fuel supply, engine oil, and coolant system

· Accessibility of controls (3.4.12)

· All vehicle controls must be accessible from inside the cockpit without any part of the driver being outside any major structural members of the vehicle

3.0 Concept Generation

To accomplish the goals for the design of the vehicle cockpits, our group has broken down the project into the main items in each cockpit.  For each item, we devised several possible design ideas and listed both their pros and cons.

For the seat, we chose four possible solutions as seen in Table 1.  Upon evaluating the pros and cons, we decided that the Aluminum shell with molded fiberglass inserts would be the best choice, because it has the most adaptability and durability.  To help reduce the cost that individual seat inserts would cause we will most likely use three or four different inserts to accommodate small, average, and large drivers.

Table 1 – Seat Selection

	
	Pros
	Cons

	Plastic injection molded

(purchased)

(current Baja)
	· Cheap ($50.00)

· Relatively light

· Strong

· Adjustable by side mechanism
	· Will not fit car exactly

· Must buy additional mounting hardware for adjustment

· Fit compromised for all drivers

· No padding

	Aluminum shell padded

(purchased)
	· Strong

· Adjustable by side mechanism

· Medium price range ($150.00)

· Relatively light weight
	· Will not fit car exactly

· Must buy additional mounting hardware for adjustment

· Fit is compromised for all drivers

	Fiberglass molded

(manufactured)

(current formula)
	· Extremely light weight

· Can be made to exactly fit car

· Relatively cheap
	· Will not withstand abuse

· Difficult to secure

· Not adjustable

· Fit compromised for all drivers

	Aluminum shell with molded fiberglass inserts

(manufactured)
	· Can be made to fit any driver

· Adjustable by using different inserts

· Easily secured

· Made to exactly fit car

· Most durable
	· Most expensive

· Need a different insert for fit and adjustment

· To be padded must glue foam to seat

· Slightly heavier


The shifter selection also started with four possibilities as seen in Table 2.  As of now, we are unable to select one best option but have been able to eliminate both the heel-toe and butterfly shifters.  The heel-toe shifter would have too steep a learning curve for anyone to feel comfortable using it thus proving unfit for a car designed for a weekend racer.  The butterfly shifter was used on past formula SAE cars and many members felt that its major benefit of having the clutch integrated was not worth the excessive “throw” or shifter travel that is a side effect of the clutch.  The Baja shifter does not offer many options being that the current transmission only allows gear selection while the vehicle is stopped so we decided that the “joystick” shifter would be the best option.

Table 2 – Shifter Selection

	
	Pros
	Cons

	Heel-Toe
	· Very durable

· Hands never move while shifting (assuming the clutch is not needed for shift)
	· Requires a hand clutch

· Difficult to learn

· Makes driver use only one foot to operate both brake and throttle

	Butterfly
	· Integrates clutch

· Operation same as joystick during normal shifting
	· More complicated mechanism

· Slower (requires a longer “throw”)

· Will stick out further into driver’s compartment

	Joystick
	· Easy to manufacture

· Simple and durable

· Easy to learn
	· May slightly impede from getting out

	Paddle
	· No need to move hands

· Doesn’t interfere with egress

· Easy to learn
	· May interfere with hands while turning

· Complicated mechanism (easier to break)


The transmission on the Baja car uses a shifter lockout, which prevents accidental changing of gears while driving.  In order to simplify the driver movement we decided to mount the lever on the shifter.

Table 3 – Baja Shifter lockout Placement Selection

	
	Pros
	Cons

	Mounted on shifter
	· Only needs one hand to operate

· Less clutter in cockpit
	· More complicated

· More to break

	Separate Lever
	· Simple mechanism

· More durable
	· Requires extra lever to be place in cockpit

· Must use both hands to operate


The steering wheel will most likely be purchased, as we do not posses the correct tooling to put the padding on a steering wheel.

Table 4 – Steering Wheel Selection

	
	Pros
	Cons

	Purchased
	· Easy to obtain

· Comfortable
	· More expensive

	Manufactured
	· Inexpensive


	· Not as expensive

· Requires additional tooling


Due to different members wanting different clutch placements we have not finalized which will be used.  Another possibility is to have both a hand clutch as well as a foot clutch, which will allow drivers to select which they would like to use.

Table 5 – Clutch Placement Selection

	
	Pros
	Cons

	Foot operated
	· Easy to learn

· Preferred by most drivers
	· More for feet to get entangled in

· More difficult to perform a standing start

	Hand operated 
	· Feet never need to move
	· Can be complicated to learn

· Difficult to use with paddles


The Baja will use a below-reverse assembly where the master cylinder and linkages are below and behind where the foot contacts the pedal.  The formula will continue to use a below-forward assembly.

Table 6 – Pedal Assembly Selection

	
	Pros
	Cons

	Hanging

(current Baja & most passenger cars)
	· Allows pedals to be placed further forward

· Keeps feet low in cockpit
	· When car is crashed feat and legs come in contact with mounting hardware

	Below-Forward

(Formula)
	· Feet stay low

· Nothing for feet to contact above
	· Requires pedals to be moved closer to driver

	Below-Reverse
	· Allows pedals to be further forward

· Nothing for feet to contact above
	· Elevates feet

· Requires a sub floor


4.0 Component Designs
4.1 Seat


The seat we have chosen to use is the aluminum shell with molded fiberglass inserts because it has the most adaptability and durability.  To help reduce the cost that an individual seat for each person would cause we will most likely use three or four different inserts to accommodate small, average, and large drivers.


The seat will manufactured by making an aluminum shell.  The one we already have manufactured is in figure 3.  Then make the two-part foam and pour it into a large plastic bag.  To make the foam, we will prepare the two-part foam in separate mixing cups.  The foam works the same way as epoxy glue both proportions have to be the same to ensure the final compound will work properly.  When the two parts are ready then you have to mix them thoroughly.  Have the driver sit in the car on the bag and let it dry. The driver must not sit down to early or the foam will result in the driver’s weight spreading the foam out with nothing left underneath to support him.  If the driver waits too long the foam will be too hard to mold.  To make sure that we perform this correctly we will mix a small batch to test when it is a good time to sit down.  Once the foam has dried, you must shave of any excess foam.  After it is dry, you have to attach the fiberglass to the foam and you are done.
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Figure 3: Process of making molded fiberglass inserts.
4.2 Gauges 

Gauges are a vital part of the design of the ergonomics for both the SAE Formula and Baja cars.  The gauges have to be perfectly placed in order to ensure that the driver can see them at all times.  If the driver is unable to see the gauges then he is not aware of what the car is doing and if it is having a problem.  We have chosen three different types of gauges that we thing are necessary to be aware of what is happening and that damage to the cars is not done by driving them when there is a problem.  We have chosen to use oil pressure, fuel pressure, and water temperature gauges in our design that can be seen in figure 4. 


The Ultra-Lite series oil pressure gauge has a diameter of 2 1/16 inches, can display 0 to 100 psi, and operates electrically.

The Ultra-Lite series fuel pressure gauge has a diameter of 2 1/16 inches, can display 0 to 100 psi, and operates electrically.


 The Ultra-Lite series water temperature gauge has a diameter of 2 1/16 inches, can display 100 to 250 degrees F, and operates electrically. 
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Figure 4: Oil pressure, fuel pressure, and water temperature gauges

4.3 Shift Light
A tachometer is used in most vehicle applications, but we have chosen to do something a little different.  We have chosen to use T-SPORT's Rev - Lite in Figure 2 because it is much more advanced when compared to an old fashioned, "Flash Light" style shift light because the Rev - Lite only covers a 1,000-rpm bandwidth on a 4-cycle engine.  This means that if the red line is set at 7,000 rpm, the 1st light will come on at 6,000 rpm while the rest will come on in 200-rpm steps until the red line is reached.  The bandwidth on 6 and 8 cycle engines is proportionally less.
We have chosen this Rev – Lite so that you never miss a shift point and you do not have to keep looking down at the tachometer on your dash while you are accelerating.  The Rev – Lite will be mounted on top of the dashboard directly in sight of the driver at all times.
The T-SPORT Rev-Lite has been designed specifically to be visible within the driver’s peripheral view.  It uses standard 3 mm LEDs with careful consideration given to visibility during daylight hours. The designed enclosure shades the body of each LED so that the anode and cathode are always protected from direct sunlight.  There is also a small lip around the face of Rev-Lite to offer more of a shaded area. 
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Figure 5:  T-SPORT's Rev – Lite shift light

4.4 Steering Wheels

The Formula and Baja cars need two completely different types of steering wheels.  The Formula car needs a small and padded steering wheel that is easily maneuverable.  It has to be small in order to fit down in the cockpit.  It cannot interfere with the driver’s legs because the driver has to be able to operate all of the controls and be able to exit the vehicle in under five seconds.  We have chosen to go with Momo's Formula "MOD.29" Steering Wheel.  It is available in Suede, which will make it much more comfortable when driving for long periods.  It has a diameter of 270mm, which will leave the driver plenty of room.  We choose to go with the square design in order to give the driver more legroom and it will allow the driver to see the gauges and shift without any problems.
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Figure 6: Momo's Formula "MOD.29" Steering Wheel.  Available in Suede.  Has a diameter of 270mm.

Measurements of steering wheel placement for the Formula car:

Distance from back of seat to center of steering wheel hub:                      29”

Height to center of steering wheel hub from floor:                                      15.25”

The Baja car steering wheel is not as difficult to choose as the Formula car because it does not have to fit in a small place, it actually should be relatively big to make it easier to turn the car in rough terrains.  It is going to get dirty we driving through the mud and a suede steering wheel would become destroyed very quickly. 


We have chosen to go with the 11.5-inch steering wheel from www.desertcart.com.  It has three chrome spoke that can be easily cleaned when it get dirty and a rubber, padded wheel that can sustain all of the abuse that it will encounter during its use.
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Figure 7: 11.5 inch steering wheel.  Has three chrome spokes and padded wheel.

Measurements for steering wheel placement for Baja car:

Distance from back of seat to center of steering wheel hub:                    28”

Height to center of steering wheel hub from floor:                                     17”

4.5 Formula Shifter 

A joystick style shifter is our chosen design of the Formula shifter.  We chose to use this setup because it is easy to manufacture, simple mechanism, very durable, easy to learn, and any one that can drive a manual car can use this.  We will place the mechanism in the side pod so it will not interfere with the driver.  The only part that will be in the cockpit is the shift lever.
[image: image14.png]IFTER (Active) - Pro/ENGINEER Student Edition (for educational use only) - =181 %]
Fle Edt Vew Insert fdyss Info Appications Unites Window Heb

BRI RS- R

compatible with commercal censed Pro/ENGINEER software.
 SHIFTER has been saved.

| & | e

N
i

(3 SHFTER ASH C|
(5 SSHIFTERMOUNT PRT

[ USHIFTERSPACER PRT
(3 USHIFTERLEVER PRT

[ USHIFTERSPACER PRT
(5 USHIFTERARM PRT

3 BSHIFTINOB PRT

RS

[

_<I—I_>l;‘

Bstart| D @ B QG2 %O W 5] Fnareport-Maosoft... | [0 sARSHFTERHANDLE ... || SHIFTER (Active) -Prer [BWRO, wasan




[image: image15.png]Menu M e) - Pro/ENGINEER Student Edition (for educational use only)
sert Analysis Info Applcations Utiites Window _telp

Coroonent HEEREF R EFT AR EAR
Modify

e

o

‘Simpifd Rep.

[ A |
ExplodeState

i
Fbrrs[feRenr
sty -
Program {rpRT
v B.PRT

A4

: g

Bstan| [ &M QS P % O 5 ) Fnalreport-Mcrosoft..._| [ sASHFTERAANDLE - .. [T SHIFTER (Active) -Pr..

LT




Figure 8: Pro-e model of the formula shifter design

4.6 Baja Shifter

The Baja shifter does not offer many options being that the current transmission only allows gear selection while the vehicle is at a stop, so we decided that the “joystick” shifter would be the best option.  We chose this design because it is simple, durable, easy to manufacture, and easy to learn if you do not already know how. 
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Figure 9: Pro-e model of the shifter for the Baja car 

4.7 Pedal Tray

The Baja will use a below-reverse assembly where the master cylinder and linkages are below and behind where the foot contacts the pedal.  We have chosen this setup because it allows the pedals to be further forward.  We have to do this because the rules state that the Baja car cannot be over a certain length.  This setup will have all of the mechanical parts in a sub floor below the driver’s feet so that nothing will be in the cockpit for the driver to catch with his feet.  The formula will continue to use a below-forward assembly.  This is good for the formula car because it allows the driver’s feet to stay low and there is nothing for the driver’s feet to contact.  It does require the driver’s feet to be a little closer to the front, which is not a concern because we have plenty of room in the formula cockpit.
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Figure 10: Pedal tray designs 

The pedal trays were designed with an adjustability feature to accommodate all the SAE member’s different sizes.  There is an adjustable lockout mechanism on the rear of the pedal tray that allows the driver to select from seven different setting, separated by one inch, giving six inches of travel just through the pedals.  This is a great feature for some of the smaller and larger driver so they do not have to stretch for the pedals or be crammed by the pedals being to close to the driver.
Construction:

Seats:
The seat we have chosen to use is the aluminum shell with molded fiberglass inserts because it has the most adaptability and durability.  To help reduce the cost that an individual seat for each person would cause we will use two different inserts to accommodate small and large drivers.


The seat is manufactured by making an aluminum shell.  Then make the two-part foam and pour it into a large plastic bag.  To make the foam, prepare the two-part foam in separate mixing cups.  The foam works the same way as epoxy glue both proportions have to be the same to ensure the final compound will work properly.  When the two parts are ready then you have to mix them thoroughly.  Have the driver sit in the car on the bag and let it dry.  The driver must not sit down to early or the foam will result in the driver’s weight spreading the foam out with nothing left underneath to support him.  If the driver waits too long the foam will be too hard to mold.  To make sure that we perform this correctly we mixed a small batch to test when it is a good time to sit down.  Once the foam has dried, you must shave of any excess foam.  After it is dry, the next step is to apply the fiberglass.
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Figure 10: Mixing and pouring the Polyeurethane foam
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Figure 11: Applying and sanding the fiberglass layer of the seat.


The figure above shows the process of applying the fiberglass layer to the seat.  First, the seat must be painted with the fiberglass resin that comes with the fiberglass kit.  Then, the fiberglass sheets must be laid on top of the resin.  The resin is then painted over the top of the fiberglass sheets.  The combination of the fiberglass sheets and resin for a hard layer over the foam to ensure that the foam does not crack.


After the fiberglass has dried, the next step is to spread Bondo over the fiberglass and sand it down.  This step is performed in order to ensure that the seat does not have any rough edges or cracks in the fiberglass.  The Bondo is applied to the fiberglass and left to dry for approximately thirty minutes until it is hard.  The  Bondo then has to be sanded smooth so the seat can be primed and painted. 
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Figure 12: Final product before painting
Dashboard: 
The dashboard was first measured and cut from a thin piece of wood.  The wood was the coated with a layer of carbon fiber to make it stronger and more visibly appealing.  The carbon fiber has some strands Kevlar that give it an overall blue tint to the usual black and white carbon fiber look.  The carbon fiber was applied the same way as the fiberglass was to the seats.  First paint the wood with a layer of the included carbon fiber resin, lay the carbon fiber sheet over the piece of wood, paint the resin over the fiberglass sheet, and finally let it dry.  

The next step to the process is to measure and cut the holes for the gauges and switches.  It is important to make sure that the back of the gauges and switches do not interfere with any of the components behind the dashboard.  Once the measurements have been taken, a hole saw is used to cut the holes for the gauges to go into.  Once the holes are cut, the gauges and switches may be put into the dashboard and the dashboard may be mounted to the car.
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Figure 13: A close up of the final product of the dashboard
The picture of the dashboard in the figure above shows the three gauges along the top of the dashboard so that the driver will be able to see the gauges more easily.  The two switches are located on the bottom of the dashboard because they do not have to be completely visible, just easily accessible. 
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Figure 14: Picture of the final product of the dashboard with the steering wheel off


The figure above shows a picture of the dashboard from a distance.  It is easier to see the blue tint in the carbon fiber when looking at this picture versus the other one.  The blue adds a great custom and appealing look to the car that most car do not have.
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Figure 15:  Picture of the final product of the dashboard with the steering wheel on


The figure above shows a picture of the dashboard with the steering wheel attached.  The picture shows how the driver will be able to see all the gauges over the steering wheels at all times in case of any car trouble that could occur.  The gauges from left to right are as follow; water temperature, fuel pressure, and oil pressure.  We chose to put the fuel pressure gauge in the middle because we believe that it is the most important to our vehicle. 

The driver will also be able to see the switches through the center of the steering wheel even though it is not necessary for them to be visible.  The switches just have to be easily accessible to the driver at all times.  The switch on the left is the kill switch, which will shut of the engine instantly in the case of an emergency.  The button on the right is the starter button, which starts the car only when the kill switch is flipped to the on position.
Formula Shifter:


The shifter used on the formula car is a simple and durable “joystick” style shifter.  All of the components were machined in the machine shop by our group and can be seen in the figure below.
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Figure 16: Picture of the formula shifter disassemble

All of these parts were designed and manufactured by the group in order to fit the formula car perfectly.  The parts are all machined out of a lightweight aluminum that was available in the machine shop.  The parts can be seen assemble and installed in the figure below.
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Figure 17: Picture of the shifter mounted in the formula cockpit


The figure above shows the formula shifter assembled and mounted to the side of the cockpit.  The parts you see are the only moving parts located in the cockpit.  The rest of the moving parts and wires will be located outside the cockpit in a separate area in order to make sure that the driver does not entangle themselves in the extra parts.  The shifter works exactly like a motorcycle shifter, to shift up a gear pull the shifter toward the driver and to shift down a gear push the shifter away from the driver. 
Pedals:

All of these parts were designed and manufactured by the group in order to fit the formula car perfectly.  The parts are all machined out of a lightweight aluminum that was available in the machine shop.  The parts of the pedal can be seen in the figure below.  
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Figure 18:  A picture of a disassembled pedal that will go on both of the cars
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Figure 19:  Picture of an assembled pedal that will go on both of the cars


The figure above is a picture of a pedal that will go on both the formula and baja cars.  It is a standard pedal design that we are using for the accelerator and the clutch of the formula and baja cars.  The brake pedal is essentially the same thing with a little added weight to make the braking of the vehicle easier.  The main weight that is added to the pedal is in the top of the pedal to make it more top heavy and the brake pedal easier to depress.

Baja Frame

The old Baja frame did not allow much room to work with inside the cockpit.  It did not give much room to install all of the components necessary without sacrificing some things in return.  The old cockpit was too short and narrow for the larger drivers as seen in the figure below.  The taller drivers knees would stick out of the side of the vehicle and this is a major safety hazard in the case of an accident. 
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Figure:  A picture of a larger driver inside the old cockpit


The new frame is built out of long steel pipes.  The steel pipes had to be measured, cut, bent, and welded.  First, the long pipes had to be measured and cut to the correct length before they could be bent.  Then, the pipes were marked where they needed to be bent and put in the pipe bender that can be seen in the picture below and to the left.  The next step is to weld all of the bent pipes together to make the frame. 
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Figure:  Pictures of bending and welding the Baja frame
The new cockpit has increased hip room by allowing side impact members to go straight forward rather than slant in.  The overall length of cockpit has been increased by 10”.  The best thing is that the overall frame dimension of the Baja car only changes in:
· Height:
 - 1”

· Length: 
+ 1”

· Width: 
+ 1”

The new Baja frame can been seen in the figure below.
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Figure:  A picture of the extra room in the new cockpit


As seen above, the new frame has much more room to work with than the old frame.  The new frame allows us to put the pedals further away from the driver.  The new frame ensures that the taller drivers will not have to have their knees sticking out of the side of the vehicle, which will make them much safer in the case of an accident.  


The smaller drivers are not forgotten, there is an adjustable pedal tray to make sure that all sized driver will be able to reach the pedals comfortably.  There are also different sized seats to accommodate all different sized drivers that will operate the vehicle.
Testing

The testing part of our project was very important because we needed a way to prove that we successfully completed our project.  We put a lot of thought into this portion of this semester goals.  The idea we chose was to make an evaluation form and have many differently sized and shaped people test out our products.  We had everyone fill out a form similar to a SUSAI form that students fill out about there teachers, which can be seen below.
SAE II: Ergonomics







Testing Data Sheet

Your Name:                                      __________ 

Please circle one number for each category.

1                is the lowest

10 
      is the highest

	Comfort
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Adjustability
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Visability of Gauges
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Accessability of Controls
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Field of Vision
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Appearance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10


Comments: ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Table 1: Results from our Testing Survey Form

[image: image36.emf]Tester Number 1 2 3 4 5 6 7 8 9 10 Average

Comfort 8 10 9 9 8 8 8 8 10 8 8.6

Adjustability 9 10 10 9 10 10 10 10 10 10 9.8

Visibility of Gauges 8 8 9 10 9 9 9 8 10 8 8.8

Accessibility of controls 9 9 9 8 10 10 9 8 10 9 9.1

Field of Vision 9 8 10 8 10 8 9 10 10 9 9.1

Appearance 8 10 9 9 10 10 9 9 10 9 9.3



As you can see, all of the drivers were extremely happy with the final product of the ergonomics for the Formula and Baja cars.  The cockpit received very high scores, with the lowest score being an eight and only two of the average scores are under nine.  We are pleased that everyone liked our designs and our final product.  We believe that these changes will make this years cars more enjoyable to drive and be able to drive them longer without having to take a break to rest or change something about the vehicles.
5.0 Conclusion

The objective of this project was met by developing the cockpit ergonomics for SAE Mini-Baja and Formula SAE to meet certain requirements set by the SAE rulebook.  Last semester, we successfully chose or designed all the items included in the design, which are the steering wheels, shifters, pedal trays, seats, restraints, and gauges.  This semester, we have successfully built and tested all of our designs from last semester. 
Working on our testing procedure to show that we successfully completed our final design product was very important to our project.  We put a lot of thought into this portion of this semester goals.  Our main idea was to make an evaluation form and have many differently sized and shaped people test out our products.  We had everyone fill out a form similar to a SUSAI form that students fill out about there teachers.  
 We were very pleased with our final cockpits for both the Formula and Baja car.  The other drivers in the club were asked to fill out a survey data sheet as part of our testing procedure.  The survey was very positive, receiving marks of eight or better in all of the categories and by all of the drivers that we could test.  Based on the people responses we made a few minor changes to our cockpit accordingly and created an ideal cockpit for any size or shape driver.
Some of the basic requirements that we met are the car must be adaptable to a driver 6’ 3” tall and weighing 250 lbs down to a driver 5’ 2” and approximately 120 lbs.  The driver must be securely restrained and still be able to reach all of the controls without removing the harness.  The driver must also be able to exit the car from a “race ready” state in a maximum of five seconds. 

Both cockpits are sufficiently comfortable as to prevent driver fatigue during the endurance events and long testing sessions.  The steering wheel clears the driver’s legs and does not position the driver’s hands where they could be interfered with by any obstructions.  The shifter also is sufficiently clear of the driver to prevent obstructing the entrance or egress of the driver.  Any driver is able to comfortably reach the pedals without the need of any spacers or blocks attached to the feet or pedals because our adjustable pedal trays.  Also all drivers have the proper restraints in the seats as to prevent any movement while driving the vehicles.  Also, the harness and the seats themselves very secure and will not move while the vehicle is undergoing any dynamic loads.  Lastly, the shift light, gauges, and starter are clearly visible to the driver as well as any emergency kill switches.
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Appendix A: SAE Rules
Formula Rules

3.2.5 Brake Systems

The car must be equipped with a braking system that acts on all four

wheels and is operated by a single control. It shall have two independent

hydraulic circuits such that in the case of a leak or failure at any point in

the system, effective braking power shall be maintained on at least twowheels. Each hydraulic circuit shall have its own fluid reserve, either by

the use of separate reservoirs or by the use of a dammed, OEM-style

reservoir. “Brake-by-wire” systems are prohibited. A single brake acting

on a limited-slip differential is acceptable. The braking system must be

protected with scatter shields from failure of the drive train or from minor

collisions. Unarmored plastic brake lines are prohibited.

3.2.5.1 Brake Over Travel Switch

A brake pedal over-travel switch must be installed on all cars. This switch shall be installed so that in the event of brake system

failure such that the brake pedal over travels, a switch must be

activated which will stop the engine from running. This switch

must kill the ignition and cut the power to any electrical fuel

pumps. Repeated actuation of the switch must not restore power

to these components. The switch must be implemented with

analog components, and not through recourse to programmable

logic controllers, engine control units, or similar functioning

digital controllers.

3.2.5.2 Brake Light

The car must be equipped with a red brake light of at least 15

watts or equivalent, clearly visible from the rear. If an LED brake

light is used, it must be clearly visible in very bright sunlight.

This light shall be mounted between wheel centerline and driver’s

shoulder level vertically and approximately on vehicle centerline

laterally.
3.4.1 Driver’s Restraint System

All drivers must use either a five or six-point restraint harness meeting the

following specifications. Arm restraints are also required. The restraint

system installation is subject to approval of the SCCA Chief Technical

and Safety Inspector. The restraint system must be worn as tightly as

possible at all times.

(A) 5 Point System

A five-point system consists of a 76 mm (3 inch) wide lap belt,

approximately 76 mm (3 inch) wide shoulder harness straps and a single,

approximately 51 mm (2 inch) wide anti-submarine strap.

The single anti-submarine strap of the five-point system must be attached

to the primary structure and have a metal-to-metal connection with the

single release common to the lap belt and shoulder harness.

(B) 6 Point System

A six point system consists of a 76 mm (3 inch) wide lap belt,

approximately 76 mm (3 inch) wide shoulder harness straps and two,

approximately 51 mm (2 inch) wide leg or anti-submarine strap.

The double leg straps of the six-point system may be attached to the

primary structure or be attached to the lap belt so that the driver sits on

them, passing them up between his or her legs and attaching to the single

release common to the lap belt and shoulder harness. The leg straps may

also be secured at a point common with the lap belt attachment to the

structure, passing them under the driver and up between his or her legs to

the harness release.

(C) Material Requirements

The material of all straps must be Nylon or Dacron polyester and in new

or perfect condition. There must be a single release common to the lap belt

and shoulder harness using a metal-to-metal quick-release type latch. All

driver restraint systems must meet either SFI Specification 16.1, or FIA

specification 8853/98. The belts must bear the appropriate dated labels,

and be no more than five years old. It is recommended that driver restraint

systems be replaced every three years.
(D) Belt and Strap Mounting

The lap belt, shoulder harness and anti-submarine strap(s) must be

securely mounted to the primary structure of the car (i.e. frame tubes, roll

structure). Such structure and any guide or support for the belts shall meet

the minimum requirements of 3.3.3. Bolting through aluminum floor

closeout panels, etc. is not acceptable. An SSE form must be completed

for all monocoque structures (see 3.3.2).

(E) Belt Position Requirements

The lap belt must pass around the pelvic area below the Anterior Superior

Iliac Spines (the hip bones) (Figure 5a). Under no condition may the lap

belt be worn over the area of the intestines or abdomen. The lap belts

should come through the seat at the bottom of the sides of the seat to

maximize the wrap of the pelvic surface and continue in a straight line to

the anchorage point. The centerline of the lap belt at the seat bottom

should be approximately 76 mm (3 inch) forward of the seat back to seat

bottom junction (see Recommended Location in Figure 5). The lap belts

should not be routed over the sides of the seat. The seat must be rolled or

grommeted to prevent chafing of the belts.

(F) Shoulder Harness

The shoulder harness must be the over-the shoulder type. The shoulder

harness must be mounted behind the driver and above a line drawn

downward from the shoulder point at an angle of 40 degrees with the

horizontal to minimize spine compression injuries under high “g”

deceleration. Only separate shoulder straps are permitted (i.e. “Y”-type

shoulder straps are not allowed). “H”-type configuration is allowed. It is

mandatory that the shoulder harness, where it passes over the shoulders,

be 76 mm (3 inch) wide. The shoulder harness straps must be threaded

through the three bar adjusters in accordance with manufacturers

instructions.
3.4.2 Driver Safety Equipment

The following equipment must be worn by the driver anytime the vehicle

is moving under its own power or is running on a chassis dynamometer:

3.4.2.1 Safety Helmet

A well-fitting, closed face safety helmet with a Snell M-95, SA-

95, M- 2000, SA-2000, or British Standards Institution BS 6658-

85 types A or A/FR rating. Open faced helmets are not approved.

All helmets to be used in the competition must be presented

during Safety and Technical Inspection where approved helmets

will be stickered. The organizer reserves the right to impound all

non-approved helmets until the end of the competition.

3.4.2.2 Suit

A fire resistant suit that covers the body from the neck down to

the ankles and the wrists. The suit shall be manufactured from one

or more of the following accepted materials: Nomex, Kynol, FPT,

IWS (wool), Fiberglass, Durette, Fypro, PBI, Proban and Kevlar.

All suits must meet the SFI 3.2A/1 (or higher) or 1986 FIA

standards and be labeled as such.
3.4.2.3 Gloves

Fire resistant gloves which are free of any holes. Leather gloves

are not acceptable.

3.4.2.4 Eye Protection

Goggles or face shields, made of impact resistant materials.

3.4.2.5 Shoes

Shoes of durable fire resistant material, and which are free from

any holes.

3.4.2.6 Arm Restraints

Arm restraints must also be installed on the car in a manner such

that the driver can release them and exit the vehicle unassisted

regardless of the vehicle’s position.

3.4.2.7 Hair Covering

Hair protruding from beneath a driver’s helmet shall be

completely covered by fire resistant material, i.e. a Nomex

balaclava or a full helmet skirt of accepted fire resistant material.

3.4.3 Driver Visibility

3.4.3.1 General Requirement

The driver shall have adequate visibility to the front and sides of

the car. With the driver seated in a normal driving position he/she

shall have a minimum field of vision of 200 degrees (a minimum

100 degrees to either side of the driver). The required visibility

may be obtained by the driver turning his/her head and/or the use

of mirrors.

3.4.3.2 Mirrors

If mirrors are required to meet Rule 3.4.3.1, they shall remain in

place and adjusted to enable the required visibility throughout all

dynamic events.
3.4.4.1 Head Restraint

A head restraint must be provided on the car to limit rearward

motion of the head in case of an accident. The restraint shall have

a minimum area of 232 sq. cm (36 sq. inches), be padded, with a

non-resilient, energy absorbing material such as Ethafoam® or

Ensolite® with a minimum thickness of 38 mm (1.5 inches), and

be located no more than 25 mm (1 inch) away from the helmet in

the uncompressed state. The head restraint must meet the above

requirements for all drivers. The restraint, its attachment and

mounting shall be strong enough to withstand a force of 890

Newtons (200 lbs. force) applied in a rearward direction.

3.4.4.2 Roll Bar Padding

Any portion of the roll bar, roll bar bracing or frame which might

be contacted by the driver’s helmet shall be covered by a nonresilient,

energy-absorbing material such as Ethafoam® or

Ensolite® or other similar material, to a minimum thickness of 12

mm (0.5 inch). Pipe insulation material is unacceptable for this

application.
3.4.5 Floor Closeout

All vehicles must have a floor closeout made of one or more panels, which

separate the driver from the pavement. If multiple panels are used, gaps

between panels are not to exceed 3 mm (1/8 inch). The closeout must

extend from the foot area to the firewall and must protect the legs and

torso from track debris.

3.4.6 Steering Wheel

3.4.6.1 Circular Shape - Required

The steering wheel must have a near circular perimeter. “H”,

“Figure-8”, or cutout wheels are not allowed.

3.4.6.2 Quick Disconnect - Required

The steering wheel must be attached to the column with a quick

disconnect. The driver must be able to operate the quick

disconnect while in the normal driving position with gloves on.
3.4.7 Driver Egress

All drivers must be able to exit to the side of the vehicle in no more than 5

seconds.

Egress time begins with the driver in the fully seated position, hands in

driving position on the connected steering wheel, wearing the required

driver safety equipment. Egress time will stop when the driver has both

feet on the pavement.
3.4.9.3 Master Switch Identification

The international electrical symbol of a red spark on a whiteedged,

blue triangle must be attached near both switches with the

“off” position clearly labeled.
3.4.10.1 Firewall

A firewall must separate the driver compartment from all

components of the fuel supply, the engine oil and the liquid

cooling systems. It must protect the neck of the tallest driver. It

shall extend sufficiently far upwards and/or rearwards such that

any point less than 100 mm (4 ins.) above the bottom of the

helmet of the tallest driver shall not be in direct line of sight with

any part of the fuel system, the cooling system or the engine oil

system. The firewall must be a non-permeable surface made from

a fire resistant material. Pass-throughs for wiring, cables, etc. are

allowable if grommets are used to seal the pass-throughs. Also,

multiple panels may be used to form the firewall but must be

sealed at the joints to meet the intent of driver protection.
3.4.12 Accessibility of Controls

All vehicle controls, including the shifter must be accessible from inside

the cockpit without any part of the driver being outside any of the major

structural members of the vehicle.  An example of this is that arms may

not reach around the roll bar supports to operate the shifter of the vehicle.
3.5.4.2 Throttle Actuation

The throttle must be actuated mechanically, i.e. via a cable or a

rod system. The use of electronic throttle control (ETC) or

“drive-by-wire” is not permitted.  The throttle cable or rod must have smooth operation, and must not have the possibility of binding or sticking.  The throttle

actuation system must use at least two (2) return springs, so that

the failure of any component of the throttle system will not

prevent the throttle returning to the closed position.  Throttle

cables must be at least 50.8 mm (2 inches) from any exhaust

system component and out of the exhaust stream.  The use of a

push-pull type throttle cable with a throttle pedal that is capable of

forcing the throttle closed (e.g. toe strap) is recommended.

A positive pedal stop must be incorporated on the throttle pedal to

prevent over stressing the throttle cable or actuation system.

Baja Rules
32.2 Driver Exit Time

Maximum time for a driver to exit the vehicle is five (5) seconds. Teams should be prepared to demonstrate this requirement with any driver.

32.3 Firewall

A firewall between the cockpit and the engine and/or fuel tank compartment is

mandatory. This firewall must be metal, at least 0.508 mm (0.020 inches) thick, and must completely separate the engine compartment and fuel tank from the cockpit. It must extend from the lowest point of the cockpit to the top of the roll cage. Cutouts for the pull starter will be allowed, only if their design meets sidewall safety standards.

32.4 Belly Pan

The cockpit must be fitted with a belly pan over its entire length so that the driver cannot contact the ground and is protected from debris while seated normally. Belly pan material may be metal or equivalent plastic sheet, but expanded metal is not acceptable.

32.5 Leg and Foot Shielding

All steering or suspension links exposed in the cockpit must be shielded such that the driver’s legs and feet cannot contact, or become entangled in them. The drivers feet must be completely within the roll cage.

32.6 Kill Switches

Each vehicle must be equipped with two (2) easily accessible positive kill switches effecting the ignition and entire electrical system of the car. These switches must also disconnect an auxiliary fuel pump if fitted.
32.6.1 Kill Switch – Type

(a) Cockpit Switch - The kill switch must not be a momentary switch and must not require sustained action by the driver.

(b) External Switch – Must be an Emergency style push button kill switch that

when pushed will remain in the kill position. (See figure below for example)

32.6.2 Kill Switch – Locations and Orientation

(a) Cockpit Switch – The cockpit switch must be located in the front of the

cockpit within easy reach of the driver when strapped into the seat. The switch

may not be mounted on a removable steering wheel assembly.

(b) External Switch – The external switch must be mounted on the driver’s right side of the vehicle, on a panel between FABup and RRH within the red area, and behind, the plane of the main roll hoop (see figure). The switch must be within easy reach of track workers. The external switch must be oriented with “run” in the out position and “kill” in the in position. The switch must be mounted rigidly, with no sharp edges in that area.
32.6.3 Kill Switch - Labels

Both switches must be clearly labeled as the “kill switch.” The cockpit switch

most also have “run” and “kill” positions labeled.
32.7 Fire Extinguisher

A fire extinguisher with a minimum UL rating of 5 B-C must be mounted in the cockpit below driver’s head, and be easily accessible by course workers. Mountings must be designed to resist shaking loose over rough terrain, while allowing the course workers to remove it easily if necessary.

All fire extinguishers must be equipped with a manufacturer installed dial

pressure/charge gauge; the gauge must be readable to the technical inspectors.

Fire extinguisher must also be labeled with school name and vehicle number.
32.8 Throttle

Only foot operated throttle controls are allowed. A wide-open throttle stop must be mounted at the pedal. The throttle cable must be a push/pull style cable or a high quality sealed cable. Throttle controls must be designed to return to idle-stop in the event of a failure. Foot pedals must be positioned so as to avoid foot entrapment in any position.

32.8.1 Throttle Extensions

No driver may add any type of extension to either the control surfaces or to the driver in order to operate the vehicle. For example, drivers may not add blocks of wood to their feet so that they can reach the controls of the vehicle.
33.1 Four Strap System Required

A four (4) strap restraint system consisting of a lap belt and two over-the-shoulder belts is mandatory. Each shoulder strap must be joined to the cage with its own bolt or a strap looped around the cage member and cinched with an appropriate adjuster buckle if provided as such by the manufacturer. Means must be provided to maintain the lateral position of the looped strap. “Y” type harnesses in which a single strap becomes two over-the-shoulder straps are not allowed. All belts must meet SFI specification 16.1, and must be in good condition. Areas through which the belts pass must be grommetted to prevent chafing.

33.1.1 Release Mechanism

All belts must join with a single metal-to-metal quick release lever type buckle.

No camlock systems will be allowed.

33.1.2 Safety Harness Expiration

Safety belts can be no older than 3 years, as indicated by the dates on the belts.
33.6 Arm Restraints

In the event of a rollover, the driver’s arms must be kept within the limits of the roll envelope. The “roll envelope” is defined as the interior of the roll cage plus the zone between the roll cage sides and the planes defined by the roll hoop overhead members and the highest points on tires. Please note that the exact roll envelope may vary from vehicle to vehicle depending on the design. Technical inspectors and safety workers are empowered to determine each car’s roll envelope.  Arm restraints must be securely fastened to the driver restraint system.

Arm restraints shall be installed such that the driver can release them and exit the vehicle unassisted regardless of the vehicle’s position. The arm restraint shall be worn by the driver on the forearm just below the elbow. The driver must be able to reach the cockpit kill switch, and steering wheel but not allow their arms to exit the roll envelope.  Only commercially available arm restraints meeting SFI 3.3 are allowed.
34.1 Foot Brake

The car must be equipped with a braking system that acts on all wheels and is operated by a single foot. The brake system must be capable of locking ALL FOUR wheels in a static condition and dynamically on pavement.

34.2 Independent Brake Circuits

The vehicle must be have at least two independent hydraulic systems such that in case of a leak or failure at any point in the system, effective braking power shall be maintained on at least two wheels. Each hydraulic system shall have its own fluid reserve either through separate reservoirs or by the use of a dammed, OEM-style reservoir.
39.1 Helmet, Neck Support/Collar & Goggles

All drivers must wear a well-fitting safety helmet with an integrated (one-piece

composite shell) chin/face guard and a Snell M2000, SA2000, or British StandardsInstitution BS 6658-85 types A or A/FR rating.  Helmets must incorporate the use of tear-offs or roll-off systems for muddy conditions.

In addition to the helmet, a neck support/collar must be worn. The neck support must be a full circle (360°) and SFI 3.3 rated not a horseshoe collar. (See figure) Simpson, RCI, GForce, Deist or Leaf Racing Products supply neck collars that meet this requirement.

http://www.simpsonracing.com

http://www.deist.com

http://www.leafracewear.com

http://www.gforce.com

WARNING Some Motor-Cross helmets have extended chin guards that will not contact the required neck collars when the head is flexed forward. This combination of helmet/collar system is prohibited.

Any non-specification helmets will be confiscated until after the competition. This rule has no exceptions and it will be strictly enforced. Helmets certified to other rating systems may not be worn.

39.2 Clothing

Drivers must wear appropriate clothing, including long pants, socks, shoes, gloves, and a long sleeved upper garment.

39.3 Life Jacket Required – MINI BAJA EAST ONLY

For deep water events, each driver must wear a U.S. Coast Guard approved life jacket.

NOTE: Safety belts, helmets, eye protection, wrist restraints, and clothing must be wornat all times a driver is operating a vehicle.
Appendix B: Steering Wheel Position Measurements

Formula position
	person
	height
	distance

	1
	16
	28.5

	2
	16
	29

	3
	16
	29

	4
	15
	28.5

	5
	15.5
	30

	6
	13.5
	27.5

	7
	14.5
	30.5

	8
	16
	30

	9
	15
	28

	AVG
	15.27778
	29


Baja position
	person
	height
	distance

	1
	17
	27.5

	2
	17.5
	29

	3
	17
	28

	4
	15.5
	25.5

	5
	17.5
	30

	6
	16.5
	26.5

	7
	16
	27

	8
	18
	30

	9
	17
	28

	AVG
	16.88889
	27.94444


Appendix C:  Manufactured Parts Engineering Drawings
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