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PROJECT DESCRIPTION

e TRANSFORM 2015-2016 BAJA CAR
TO FULL ELECTRIC
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e COMPETEAGAINST2019 BAJA CAR
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e CLENTIS DAVIDWILLY
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CAD MODEL
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ELECTRONIC COMPONENTS

STEERING COMPONENTS

LeAlan Kinlecheenie, EBaja Conversion, Team 19F14 11/7/2019 3



SUBSYSTEM COMPONENT DESIGNS

* REAR SUSPENSION (TRAILING ARM)

e STEERING (FRONT KNUCKLE)

« FRONT SUSPENSION (HEIM AND BOLTS)
* BRAKES

« (GEAR BOX

LeAlan Kinlecheenie, EBaja Conversion, Team 19F14 11/7/2019



CUSTOMER
NEEDS

Shamlan Albahar, EBaja Conversion,

Customer Needs
Safety of User

Follow SAE E-Baja Rules / Industry
Standards

Redesign Rear Suspension System

Redesign and Provide @
Functioning Brake System

Electric Compatible Drive Terrain
Reinforcing Front suspension

Provide Space for Battery Mount

Redesign Steering

High - 5
Lé%vq Ease of Fabrication of Components

Team19F14

11/7/2019
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ENGINEERING REQUIREMENTS

RANKED ACCORDING TO RELATIVE TECHNICAL IMPORTANCE:

1- SAFETY (TBD FACTOR OF SAFETY)

2- SPEED OF THE VEHICLE (30 MPH)

3- CosT ($3000)

4- TORQUE OF THE VEHICLE(TBD NM)

5- RANGE OF MOTION OF THE STEERING SYSTEM (60 DEGREES)
6- WEIGHT OF THE VEHICLE (363KG = 800LBS)

Shamlan Albahar, EBaja Conversion, Team 19F14



REAR SUSPENSION
PROBLEM

e |-SHAPED TRAILING ARM
e LOW DEGREE OF FREEDOM
e LIMITS SPACE

e LACKS STABILITY
= e I\-A
= )

Ml [ ‘

Shamlan Albahar, EBaja Conversion, Team 19F14 11/7/2019 7
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LOTUS RESULTS

O N77 0 N72
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DROOP BUMP

Camber (degrees)

Shamlan albahar / Andres Parra, EBaja Conversion, Team 19F14 11/7/2019



STEERING PROBLEM

e POOR ACKERMANN ANGLE

e LONG TIE RODS

e RIGHT LOWER BALL JOINT IS Out
OF ALIGNMENT

LeAlan Kinlecheenie, EBaja Conversion, Team 19F14 11/7/2019




STEERING CALCULATION

e ACKERMANN ANGLE = 26.48 DEGREES

e NEW TIEROD LENGTH = 12.75 INCHES

LeAlan Kinlecheenie, EBaja Conversion, Team 19F14 11/7/2019 11



FRONT SUSPENSION

e SUSPENSION IS GOOD

*  MINOR REPLACEMENTS FOR HEIMS
AND BOLTS

Fahad Alhowaidi, EBaja Conversion, Team 19F14 11/7/2019 12



HEIM JOINTS
CALCULATIONS

e STATICS AND DYNAMIC
CALCULATIONS

e MAXRADIAL LOAD = 6535 LBF

e MAXSTATIC LOAD = /766 LBF

Fahad Alhowaidi, EBaja Conversion, Team 19F14 11/7/2019 13



BRAKE SYSTEM
PROBLEM

e  MISSING TWO MASTER CYLINDER
AND THE RESERVOIR

e NEED TO REPLACE BRAKE PEDAL

11/7/2019 14
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BRAKE VALIDATION CALCULATIONS

Left Side Specs Cylinder SSize

Cvlmd&rm*& Bnre Area Cylinder Bore Area
Size (in) in2
5/8 0.31

Front Cylinder
# of Calipers on Cylinder
Force from Cylinder (Ibs)
Force /Caliper (Ibs)

Pedal Dimesions
Pedal Pedal
Ratio Force Qut

3.33

Caliper D (in)
# of piston

Net Bore Area (in*2)
Braking Force (l1bs)

Output Force To’rol

Clamp FDI’CE Needed {Ibs 1031

Caliper D (in)

# of piston

Net Bore Area (in"2)
Braking Force (

Total Clamping Force (Ibs) 1320

Drew Stringer, EBaja Conversion, Team 19F14 11/7/2019



GEARBOX

STILL LOOKING INTO OPTIMAL GEAR
RATIOS

NEED TO PERFORM STRESS
CALCULATIONS ON GEARS

FIND GEARS FOR CURRENT
GEARBOX

Drew Stringer, EBaja Conversion, Team 19F14

Tire Diameter (in)
Tire Circumference (in)

Target Speed (mph) 35
Motor Speed (rpm) 3000

(3ear Ratio 1: b
Output Gear Speed (rpm 500

Tire Speed (in/min) 39269.91
Tire Speed (mph) 37

Spur Gear Teeth
Gear 2 Teeth

Spur Diameter (in
Face Width (in)

11/7/2019
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DESIGN VALIDATION

e SEVERAL AREAS THAT ARE CRUCIAL TO AN OPERATIONAL VEHICLE

* BRAKES
¢ REDUNDANCIES BUILT IN
e NEED ALL 4 BRAKES FOR SAFETY
e SUSPENSION ARMS
e (ONE BREAKS, WON'T DRIVE RIGHT
« BENDING IS POSSIBLE
o (CONNECTION POINTS
e ANY WELDS, BOLTS THAT BREAK CAN ENDANGER DRIVER
« BENDING IS POSSIBLE

Drew Stringer, EBaja Conversion, Team 19F14 11/7/2019 17



o ‘X/

PS DRIV

Drew Stringer, EBaja Conversion, Team 19F14 11/7/2019 18



FAILURE MODES AND EFFECTS ANALYSIS

Master Cylinder

Creates Pressure in lines when peddleis  |Piston gasket is blown from Prepare driver for vehicle
pressed excess pressure No braking abili Rough handling to terrain control

Brake Lines
Pinched in suspension or caught Protect brake lines by tying them to safe
on terrain places along the way o cali
A-Arms
Absorb elastic deformation the knuckle and Stress added when Beware of terrain that can
shock force onto the vehicle Snaps due to excessive forces|Car no longer drives suspension compresses 252 |maximize suspension impact
11/7/2019

Andres Parra, EBaja Conversion, Team 19F14 19



TESTING
P R O C E D U R ES Different forces on the wheels when cornering depending on camber

e CAMBER/CASTER ANGLES

). S —— ! |

* BRAKE TIME AND FULL LOCK UPON negative camber

STOPPING

* VISUALLY INSPECT FOUR FUNCTIONAL
BRAKES

e COMPUTER AND VISUAL INSPECTION ON
STEERING

Andres Parra, EBaja Conversion, Team 19F14 11/7/2019 20



BILL OF MATERIALS

Part#/PartName  [Qty|Description  [Functions _|Material

( )

TENTATIVE BOM
| 6lKingpinHeim | 4ljoint with added degree of freedom |connects knucfSteel |

| 8|SteeringShaft | 1|Shaft directed from wheel to rack ar{Connects whegSteel |

SPECIFIC COMPONENTS ON VEHICLE, NOT | OlSteeringWheel | 1|Wheelforrotation  |Connected to gSteel |
WHOLE VEHICLE | 10|Steering Heim
NO ELECTRONICS PRESENT | 12|Brake Caliper

NEW COMPONENTS REPLACING OLD | 14|Brake Peddle
SYSTEMS

| 17|CaliperBolt | 6|Fastenersoncalper  [Connects calipdSteel |

| 18JA-ArmHeim | 8ljoint with added degree of freedom |connects A-ArfSteel |

NO DIMENSIONS DUE FINALIZING DESIGN | 19]A-ArmHeimBolt | 8|Fastener on frame forheim  |Connects heim|Steel |
PLAN ON REUSING COMPONENTS Spring loaded rod supporting vehicle
| 24|Trailing ArmBolt | 8|Fastener on frame for heim _ |[Connects heim|Steel |

BOLTS | 25|Support Bracket Bolt | 8|Fastener for keeping in place ____|Connects supp{Steel |
Protects driver|Plastic |

HEIMS

| 28|briveline | 2|shaft connected to drive train [Power transfer|Steel |

STEERING COMPONENTS

Fahad Alhowaidi, EBaja Conversion, Team 19F14 11/7/2019 21



CURRENT BUDGET

REUSING SEVERAL PARTS
PRICES ARE TENTATIVE

NO ELECTRICAL COMPONENTS ON BOM

Fahad Alhowaidi, EBaja Conversion, Team 19F14

Part # [PartName | Qty [Unit Cost|Total Cost |
| 6lKingpinHeim | 4/ $ 60.00]$ 240.00 |
| 8|SteeringShaft | 1INA  [$ - |
| O|SteerngWheel | 1[NA 0 [§ - |
| 17|CaliperBot | 6NA _[$ - |
| 18JA-ArmHeim | 8[$ 7.98]$ 63.84
| 19|A-ArmHeimBolt | 8/$ 1.36]$ 10.88 |
Heim Joint
| 24|Traiing ArmBolt | 8[$ 1.36]$ 10.88 |
| 25[Support Bracket Bolt | 8[$ 1.36]$ 10.88 |
$120.00
$ -

28

| 28Driveline |

11/7/2019 22



BUDGET PLAN

« BUDGET GIVEN: $3,000
 BUDGET ALLOCATED: $1888.64

« CERTAIN ITEMS TO BE
MACHINED AND REUSED

e (CURRENTLY LOOKING FOR

MORE SPONSORS Creative Technologies
* EE HAS THEIR OWN BUDGET Worldwide

Fahad Alhowaidi, EBaja Conversion, Team 19F14 11/7/2019 23



Week4

 GANTT CHART

Week3

Week5

Week 6

Week 7

Week 8

Week 9

Week 10

Week 11

Week 12

Week 13

Week 14

Week 15

Week 16

Task Name Responsible

1 [Self leaming All members
2 |Hardware review 1 Drew
3 |Peer evaluation 1 All members
4 |Website check Fahad
5 [Midpoint Report All members
6 |Individual analysis 2 all members
7 |Device summary Andres
8|Peer evaluation 2 All members
9|Drafts of poster Shamlan
10|Testing proof Le Alan
11Final poster All members
12|operation manual Fahad
13|Final presentation All members
14|Final report All members
15 Cad package Drew
16]website final Fahad
17| Peer evaluation 3 All members
18] Brakes Drew

| 19]front supension Fahad, LeAlen
20| Rear suspension Shamian, Andres
21|Frame LeAlan, Andres

Fahad Alhowaidi, EBaja Conversion, Team 19F14
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APPENDIX A: FULL FMEA

4 . . e e Potential C
1 |For a better steering angle Shears/Bends due to impact Faulty Steering and Driving SUSPENSION COMPresse

- Central place at wheel connecting the supports, Stress added when

rack and pinion, brakes, etc Bends due to impact "Rougher" ride SUSPENSiON COMPIresses

- Connects steering wheel to the knuckles for — Stress added when .

3 | steering Bends due to impact Improper steering angles SUSPENSION COMPreEsses 150

Connects rod to knuckle Shears/Bends due to impact Faulty Steering and Driving SUSPENSiON COMPIresses ( |None

Connects rack to tie rod Shears/Bends due to impact Faulty Steering and Driving SUSPENSION COMPreEsses 108]|None

6] Connects knuckle to A-Arms Shears/Bends due to impact No longer able to drive SUSPENSiON COMPIresses 162|None

7| Connect wheels to steering wheel Strip Gears from excessive force |No longer able to steer force when steerin, None

Connects wheel to pinion steering fol No longer able to steer force when steering None
I S il S "

9] Connected to steering shaft impact No longer able to steer Lock fails and comes loose None

10] Hold steering shaft in place for steering Shears/Bends due to impact No longer able to steer steering force 112|None

11|Holds link together to knuckle and tie rods Shears/Bends due to impact No longer able to steer SUSPENSION COMPIEsses None

- Punctured brake lines or
12| Tightens to create friction and stop rotation Loss of Pressure to lines No braking ability broken master cylinder

Rotates until clamped Pulsing braking Wom out and not maintained

ine gets cut causing loss of _ Protect brake lines by ty
: : No braking ability terrain long the way to calipe
Creates Pressure in lines when peddle is _—
2 No braking ability Rough handling to terrain

pressed

Connects caliper to knuckle force Minimal braking ability Continuous brake slamming

IS S -

Shears due to impact Faulty Steering and Driving SUSPENSION COMPreEsses Check on wear after every use
Connects heim to frame Bends due to impact Faulty Steering and Driving SUSPENSiON COMPIEsses Check on wear after every use
Snaps due to exce Car no longer drives SUSPENSion COMPIEsses Cimi nsion i

Stress added when Prepare driver for vehicle control and examine
places hinge joint to ase forc ance |Shears i : Steering : iving SUSPENsion co S5ES se
laces hinge joint to release force resistance |Shears due to impact Faulty Steering and Driving SUSPENSION COMPIESSES fter use

Maintains stability of wheel Shears/Bends due to impact Faulty Steering and Driving Exposed and beaten by terrain
Absorbs impact from ground Shears/Bends due to impact Impact beyond fabrication point

- Connects heim to frame Shears/Bends due to impact Faulty Steering and Driving Examine after eve

Faulty Steering and Driving

s support bracket to fram,

26



APPENDIX B: BRAKE CALCULATIONS

Frant Cyllndar Rear Cylinder
CylinderSize Bore Araa Cylindar Bore Ares

{In) [n32] Size {in) 12

5B 031 5/8 0.31

Pedal Dimesions

Fedal Pedal
Ratlo  Force Out
7.5 2215 50 333 167
A =Distance from plvot point to middle of push/pull point
B = Distance from plvot to point of push on master oylinder
P =Plvat polnt
F = Faroe or push Front Cylinder Rear Cylinder
# of Callpers on Cylinder # of Callpers on Cylinder
Force Required Farce from Cylinder (1bs) Farce fram Cylindar (Ibz)

& (In) B{in) F {lbs)

Carweight (lbs)
Stopplng Acceleration ft/fs~2
Braking Force Required

Brake Torgue

Braking Force/whee| (| bs)
Radius of Tire (In)

Dize brake radius (In)

Speed ratio btwn wheel /bra

Braking Torgue (Ftlbs)

Disc Outer Dlamatar
Disc Inner Diameter
Effective Radiu

Coeffldent of Friction
Numberof frction faces
Clamp Load (lbs)

Clamp Force Meedead (lbs)

Tr,'atal Clamping Force (Ibs

Force /Caliper ||bs)

Farce/Caliper|lbs)

LF Brake

RF Brake

Caliper D (In)
# of plston
Met Bare Area (In~2)

EraklnE Fores (|bz)

CaliperD(in)

# of plston

Met Bare Area (In~2)
Braki ng Fores

LR Brake

LR Brake

Caliper D (In)
W of plston
Met Bore Area (In~2)

Braking Force (|bs)

CallperD(In)

¥ of plston

MetBore Area(In*2)
Braking Force




APPENDIX C: HEIM JOINTS CALCULATIONS

Given Parameters (Bottom Heim Joint)
E

Ball Diamter
ousing Width H
ead Diameter D
inor Dia of thread M

Allowable Material Stress
Calculated Values

Rod End Head Strength
Male Thread Rod End Strength
Maximum Static Radial Load
Maximum Static Axial Load _“______._.___é__

Fahad Alhowaidi, EBaja Conversion, Team 19F14



APPENDIX D: STEERING
CALCULATIONS

Speaker Name, EBaja Conversion, Team 19F14

E-Baja: Steering calculations and update repert
Finding the ideal Ackermusa argle for the e-Baja, usiag equation L.
Byans = 08"
L
T s the wheel track, the distance between the center of the right and Jeft wheel L & the wheelbase, the
distance between the center of the front ssd rear wheel.
Forthe e-Baja, T = 104 cn [40.95 mches) and L = 130 ¢m (70.87 inches) Usieg equation 1, the ideal
Ackermane argle cquals w approsimate of 2648
Using the Ackerssann anghe, Ngure 1 was drawn to kelp visusize the design of 4 sew smrachmenss.

e’
4.5v'u'Y \r‘/‘.

£

(

¥

Flgure 1 i@ﬁmww“mw&w»m.mhm@

The tie rods mect the tee at 13 cm (5.12 inches] Mrom the Kagpin; this gives the idea of where the new
golnt for the te 1o connect to the wheel. Using tdangle relaticas, 1o find the proper location froms the
tire is given in oguation 2

eppodice P

tanfy - (2)

ad jocent

& = 26.48" gud the adjacent length = 13 am [5.12 inches), rearrangiog equation 2 te solve for the
epposite lengeh, this gives the opposite length = 6.48 ¢ 55 inches). Using figare 1, the connection
int of the tie red should be 5.12 Inches on the X-axis from the Kagpin and 255 ches an the y-axis

1 the Kingpin

Figure Z shows the repositioning of the tie rod; due to the sew placement of the tie rod connection to the

knuckle, the leagth of the tie rod needs to be updated. Using the Pythagorean theorem, the length of the
tie rod could be fowsd in equation 3.

(3)
5 inches froms the car frame. Using equation 3, the te rod

cwm Jat 4 M
¢is the te red lesgt
lengeh equals approsestately 12

Figure 2. Ugape olie e Lod Lot pev Jocation ol A cosasdiop o e e Lod.,
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Project: E-BAJA

System QFD Date:|Sept. 16, 2019

Weight of the Vehicle

Range of Motion of the Steering System
Torque of the Vehicle

Cost

Power of Motor

Safety

Speed (m/s)

Technical Requirements

APPENDIX E:
QFD

Customer Weights
Customer Needs (5 Best to 1 Least)

Safety of User 5
Follow SAE E-Baja Rules / Industry Standards
Provide Space for Battery Mount
Electric Compitable Drive Terrain
Redesign and Provide a Functioning Brake System
Reinforsing Front suspension
Ease of Fabrication of Components
Redesign Rear Suspension Systemn
Redesign Steering (Rack and Pinion)

© |Speed of the Vehicle

w | o |Range of Motion of the Steering System

w | w |Power of Motor

w|w|o|o|w|w|w|w|w|Weightofthe Vehicle
~|=a|w|o|wlo|=|o|=]|Torgue ofthe Vehicle
©o|o|o|w|olo||o|o|Safely

© 0O~ EWN =
WM|N|(A|[O|A|W[D

Technical Requirement Units

Kg

Degrees |o|w|©|->|w|w
Newton

Meters

Factor of

Safely

Technical Requirement Targets

D

Absolute Technical Importance

6 |144 |363
5 |151 |60
B
3 |177 |3000
7 |135|7.5
1 [276 |TBD

Relative Technical Importance




