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Vehicle Control Systems

ntolUpdate 1}« Suspension System
— Fall semester’s focus
l — Kinematics (motion of wheel)
!y - Dynamics (behavior of the wheel and car)
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Rear axle

| o Steering System
Specifications |} — Control, stability, consistency
 Brake System
I — Control, efficiency, effectiveness

» Philosophies: Reliability, adjustability...
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Suspension Update

Repositioned all shock absorber
attachment points for reduced bending
loads and optimized load paths

Grounded rear track rod/toe link for
strength

Completed final parts for all corners of
the car

Rethought items for reliability and
adjustability




Front Axle
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Front Brakes

ntolUpdate 11 Wilwood 1.75” single piston floating
calipers

« 1.5” diameter vented, cross-drilled,
slotted, cast-iron rotors
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Brake Considerations

ntolUpdate 1}« Deceleration (1.2G design)

l — dependent on fluid pressure, relative piston

Front ax = i .
| sizes, tire traction...

1, * Brake bias (60/40 design)

Rear axle

1 — balance brake torque between front and
rear tires

Specifications gg
— adjustable balance bar

The Future |  Cooling
— 45 kJ of energy from 50 mph to 10 mph

— about 20°C rise in rotor temperature per
stop




Steering System

ntolUpdate 1} o Stiletto steering rack
* Alpha steering wheel (quick release)

Front axle l
* Various mounting components

Rear axle

Rack center mount Side support with bushing

Sliding rack
Specifications
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Steering Considerations

Intro/Update l « Ratio
— 3.6:1 to 3.3:1, less than 1 turn lock to lock

« Ackermann geometry

Rearaxle £l — difference in steering angle between inside
i and outside tires

[ I .
Specifications §§ — inside tire turns more (smaller radius)

|' « Bump and compliance steer
I' — Wheels don’t change direction over bumps

Front axle l
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or under load
— determined by relative locations of
suspension and steering points
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Steering Outer Track Rod Attachment

ntolUpdate 1} o Modular attachment

— allows changes in steering geometry
(Ackermann, bump steer, ratio) without
refabricating the entire upright

— reduces material usage
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Reynard Kinematics

nrolUpdate |}« Used to determine suspension and

steering locations in pitch and roll
Front axle l

Springs/dampers Front axle
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Rear Axle

Intro/Update

Front axle

Outside view Upper control arm

Toe control track rod
Rear axle

200

Specifications

The Future Lower controlarm__




Rear Shock Extension

nrolUpdate 1}« Replaces lower spring perch and
spherical bearing to gain adjustable
length and flexibility

Threaded lower spring perch
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Threaded lower end for length adjustment to female rod end

The Future




Rear Shock Mounting Points

ntolUpdate 1}« Adjustable mounting points to balance
car through corners

« Rear ride rate: 45 Ib/in to 115 Ib/in

i .
rearaxe  §] * Use of locked spool axle requires
i different characteristics

Specifications %f
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Frame mounting points

! 3 Adjustable shock
= E mounting points




Rear Axle Mount

ntolUpdate 1]« Single inboard brake system
l » Adjacent to drive chain and sprocket
» Adjustable position for chain tensioning
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Rear axle

Hub for

Specifications
rear rotor
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Rear axle plate for
axle bearings and caliper




Suspension Specifications

ntolUpdate 1} o Track: 1200mm / 1130mmyp
Tire size: 18x7.5x10
l Camber: -1°/-1.5°
Rear axle ' Caster: 8.1°
| -+ Scrub radius: 51.5 mm
fi * Motion ratios: 1.75 / adjustable
merue  §y * Roll gradient: 1.6° per G nominal
Il Ride frequencies: 2.2 Hz [ 2.8 Hz nominal
i < Anti-dive/squat: 12%
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Steering Specifications

Introiipcaie Steering System
Ratio: 3.6:1 to 3.3:1
{ °* Caster: 8.1°
Rear axle ' Scrub radius: 51.5 mm
| Steering wheel diameter: 250 mm

fi * Perfect Ackermann until 26° of inside
meruue . 1v Wheel steering
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Brake Specifications

Design deceleration: 1.2G

Design pedal force: 120 Ib.

Swept area: 350 sq. in. / ton

Rotor diameter: 7.5 in. /8.0 in.
Hydraulic advantage: 11:1/8:1
Mechanical advantage: 5.1:1

Fluid line pressure: 750 psi/ 500 psi
Brake bias: 40 / 60 nominal




Future Work

ntolUpdate 1}« Successfully implemented suspension,
steering, brake systems

« Short term work:
AN ' — brake hydraulics
— rear axle items
Specifications ; . Long term work:
— testing
— reliability vs. weight assessment

— re-evaluate many technical details to
optimize the car
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Recommendations

ntrolpdate 1} o Full car model to resolve clearance
details

l  Larger wheel diameter
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