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Project Background

Team Objective: To design a 4-wheel drive
Baja vehicle

Background: Baja SAE is a collegiate
design competition where students must
design and manufacture a single seat off
road vehicle. Competition rules now require
all cars to be 4-wheel drive

2021 Eagle Talon IV GT
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Vehicle Requirements

All 4 wheels shall be powered
by engine

1.1-2 Shall comply with all rules established
by Baja SAE competition

1.1-3 Shall have no failures over a 6-hour
endurance run.

1.1-4 Shall have acceleration times within 5%
of two-wheel drive vehicle

1.1-5 Vehicle shall place higher in
competition in dynamic events (hill
climb, maneuverability)

LA'.I CAL STATE LA College of Engineering, Computer Science and Technology

Competition Requirements

Competition Rules

Competition Running Time

Team Goals

Team Goals

Inspection
Inspection

Stress analysis on
components

Timed acceleration runs

Competition
placement/timed tests




Project Organization

Aaron - Front Suspension
*  Geometry/Kinematic Analysis
* CAD Design and Analysis

Britney — Front Differential
* Differential Placement
*  Mounting CAD & Analysis

Chris — Shock Analysis
* Shock selection & tuning
* Quarter & half car model

Rafael — Steering Wheel & Hubs
* CAD Designs
* Analysis & Fatigue

Maung — Chain Drive
* Sprocket and Chain selection
* Tensioner design & analysis

Brian — Driver Ergonomics

* Seat & steering wheel position
* Seat CAD

Ezechiel — Brakes System

* Pedal design

* Master cylinder & caliper
selection
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Placement of Chain Drive

Sectioned View of Full Assembly Baja Vehicle
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Engine Horsepower: 9 HP
Engine RPM: 3600

Total Gear Ratio: 32-1
Chain Gear Ratio: 1.03 -1
Sprocket RPM: 117




Selection of Sprocket and Chain

Table 1 Chain 80 Table 2 Chain 60 Table 3 Chain 50
Sprocket Ratio 26/25 Sprocket Ratio 22/21 Sprocket Ratio 27/26
Working Load (Ibf) 1216.58 Working Load (Ibf) 1913.60 Working Load (Ibf) 1874.57
Allowable Working Load (Ibf) 3300 |=————>|Allowable Working Load (Ibf) 1950 » | Allowable Working Load (Ibf) 1400
Ult.Tensile Strength (psi) 12500 Ult.Tensile Strength (psi) 7030 Ult.Tensile Strength (psi) 4880
Weight (lbs/ft) 1.86 Weight (Ibs/ft) 0.99 Weight (Ibs/ft) 0.67
Front Sprocket Diameter (in.) 7.97 Front Sprocket Diameter (in.) 5.03 Front Sprocket Diameter (in.) 5.18
1% (rcdustry
' , : : . DYNAMIC PRELOAD Mawimum}
Inner _l a8 l ) : . “ E ) ] : } FORCE APPLIED -
width (=]
' 3
Roller _E'
Diameter L

CHAIN UNDER TENSION

) Addilionol
Time: Hours, Weeks, Months Borvica Lie

Roller Chain Preloading Benefits of preloading
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I! Exploded View of Tensioners

Tension Adjuster

Front Tensioner
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Tensioners

won Mises (psi)

2.851e+05
| 2.566e+05
_ 2.281e+05
_ 1.996e+05
_ 1.711e+05
_ 1.426e+05
. 1141e+05

_ 8.555e+04
—

5.704e+04
2.854e+04
2.564e+01

FEA Analysis of Rear Tensioner — Von Mises

—J Vield strength: 5.672e+04

FOS
3.000e+00
I 2. 748e+00
_ 2492e+00
_ 2.238e+00
_ 1.984e+00
_ 1.730e+00
_ 1477e+00
_ 1.223e+00
_ 9.687e-01

7.148e-01

4.60%e-01

FEA Analysis of Rear Tensioner - FOS

Rear Tensioner | Front Tensioner
Top Load (Ibf) 641.1 485.51
Bottom Load (lbf) 244.63 163.09
Plate Thickness (in) 0.30 0.30
Rect. Tube Thickness (in) 0.039 0.039
Circular Tube Thickness (in) 0.039 0.039
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Tensioners

von Mises (N/m»2)
4.684e+08
1 4.215e+08
_ 3747e+08

_ 3279%e+08

_ 2810e+08

_ 2.342e+08

_ 1.873e+08

_ 1.405e+08

9.268e+07
4.684e+07
9.118e+03

—Pp Yield strength: 4.600e+08

FEA Analysis of Rear Tensioner — Von Mises Stress

FEA Analysis of Rear Tensioner -FOS

Rear Tensioner

Front Tensioner

Top Load (lbf) 641.1

485.51

Bottom Load (Ibf) 244.63

163.09
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FOS

2.000e+00

2.798e+00

2.596e+00

_ 2.395e+00

_ 2.193e+00

_ 1.997e+00

_ 1.78%e+00

_ 1.58Be+00

_ 1.3B6e+00

1.184e+00

9.822e-01




Tensioners

wvon Mises (N/m~2)

2.341e+08

. 2.107e+08

_ 1.873e+08

_ 1.638e+08
_ 1404e+08
. 1.170e+08
_ 9.383e+07

_ T7.022e+07

4.682e+07
2.341e+07
3.044e+03

— Yield strength: 4.600e+08

FEA Analysis of Rear Tensioner — Von Mises Stress

FEA Analysis of Rear Tensioner -FOS

Rear Tensioner | Front Tensioner
Top Load (lbf) 641.1 485.51
Bottom Load (Ibf) 244.63 163.09
Plate Thickness (in) 0.30 0.30
Rect. Tube Thickness (in) 0.15 0.15
Circular Tube Thickness (in) 0.15 0.15
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FOS

3.000e~+00

2.897e~+00

_ 2793e+00
_ 2.690e+00
_ 2.586e+00
. 2483e+00
_ 2.379e+00
_ 2.276e+00

_ 2172e+00

2.069e+00

1.965e+00
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ll. Project Requirements
lll. Technical Progress

«  Chain Drive

«  Differential- Britney
«  Wheel Hub
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*  Driver Ergonomics
V. Questions?
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Front Sprocket 5.18
inches (Diameter)

Differential Placement
7.51n

Differential

CV Axle

Schematic of Front Drivetrain Location of Front Differential
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Results of FEA

1,000 +01

2,01 5% +00

" [ am::w:-:l
7,067 + 00

| GOTE +00

5006 +00

4,115 +00

113 +00

. 2153e+00

1172e+00

Design 3 Design 4 Design 5

1.5900e-01

R ——
m--n o
Integratlon 2 O -2 +2

Material Usage 1 0 0 -1

Corrected FOS — 1884 |bf 85 gueR:Z: 3.72 3.17 Total (Non 0 0 ,
D Weighted)
= B Tot:| (Weighted) O s 4




CV Axles — 0.5” OR

_ Sleeve Middle Connecting Rod e
FOS=1.20 FOS=2.70 & Axle 2,583 +00

l l ‘ _ A 16Fe+00

L 3.750e+D0

L 3,333e 00
2o Fe+00
_ 250D +D0

Axle

N R

FOS Plot of 0.5” OR

. 1.bGEe + 100
l 1,250 +00
E331e-01
Axle Hand Calculations vs. SOLIDWORKS Sleeve Hand Calculations vs. SOLIDWORKS

| Axle | Hand Calcs SOLIDWORKS | Sleeve | Hand Calcs SOLIDWORKS
3.17e4 3.16e4 1.33e4 1.47e4

1.27 1.20 3.02 2.70 13
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CV Axles - 0.5625” OR

FO3

FOS=1.22 Sleeve FOS=3.20 Axle 6 0006 <00

l l ‘ 4.582¢ +00

_ A TEde <00

. 3746« +00

L 3.327e+00

B 2,509 400
Axle | 24912400
FOS Plot of 0.5625” OR . 207e000
. 1.EG55e <00
l 1,837 «00
8.185-M
Axle Hand Calculations vs. SOLIDWORKS Sleeve Hand Calculations vs. SOLIDWORKS

| Axle | HandCalcs SOLIDWORKS | Sleeve | Hand Calcs SOLIDWORKS
Saes o ared Lzges o Labes
| FOS 1.27 1.22 | FOS 3.20 3.20
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Housing

)

Isometric View of Housing

Side View of Housing
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Agenda

|. Introduction/Background
ll. Project Requirements

lll. Technical Progress
«  Chain Drive

. Differential
. Wheel Hub — Rafael

« Brakes
Front Suspension
«  Shocks

*  Driver Ergonomics
V. Questions?
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Initial Concepts

Design Concepts Parameters

« To properly utilize 4WD the
front hub needs to

accommodate the CV boot and
half shaft.

LA I‘ CAL STATE LA College of Engineering, Computer Science and Technology
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CONCEPT SELECTIONS

Hub design version 3 properties Front Hub
« Material: 6061-T6
« Totalmass: 1.0 1b

« Meets FEA Requirement and has
minimum FOS above 5. Scale 1-5; 5= Best

Manufacturing (20%)

Weight (30 %)

Bl e

Cost {10 %)

ST N ONTN R AR TR K]

Total 4.1

++

FOS (40%)
2.3

1”"!] CAL STATE LA College of Engineering, Computer Science and Technology



Front Hub Update

» After integrating Hub to vehicle CAD _——
interference with steering o
measurements.

* Increased wheel offset to fit thoroughly in
vehicle cad with no interference.

Expected Force(N) (X4) FOS
Forces

Braking 137.6 35
Impact 147.5 15
Cornering 258.7 9.2

LAI&‘ CAL STATE LA College of Engineering, Computer Science and Technology . \\



I! Hand Calculations & Fatigue analysis |

Hand Calculations

« Conducted torque analysis of broached
splines on the hub spindle.

* Loads applied are the max torque of the m-mm
gearbox if CVT has not shifted. 5040 41400.82 41.4

Fatigue analysis

« Conducted fatigue simulations through
Solid Works on the steering wheel.

mlfl CAL STATE LA College of Engineering, Computer Science and Technology



Agenda

|. Introduction/Background
ll. Project Requirements
lll. Technical Progress

Chain Drive
Differential

Wheel Hub
Brakes - Ezechiel
Front Suspension
Shocks

Driver Ergonomics

V. Questions?
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Concepts

Brake requirements
« All the wheels will lock

Design Concepts
« There are 3 major parts worked on in braking system, brake pedal, master cylinder and caliper.

Brake Pedals Rear Brake Caliper Choices
2 & N \,\ /' - : g - u\ N /-

Version 1 Version2  Version 3 Choice 1 Choice 2 Choice 3
Master cylinder Choices Front Brake Caliper Choices

_ ot

Wilweny [ \“gs' . = -4

S T

GS Compact Remote Master Cylinder Tandem Master Cylinder (TM1) Kart Master Cylinder (RM1) R (':';“pe' e Ciapo S Gkt

Choice 1 Choice 2 Choice 3 Choice 1 Choice 2 Choice 3

LA'{I CAL STATE LA College of Engineering, Computer Science and Technology
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Concepts

Brake Pedals Master Cylinder - 2

* Aload of 450lb applied
0 ® Factor of safety higher than 1.7

2.904e+00

- ® Version 3 was selected
e e Martial: Aluminum 6061-T6

. 2618e+00

)
// 1.853¢+00

=4

FOS

_ 2522e+00
| 2426e+00
. 2331e+00

GS Compact Remote Master Cylinder

. 2235e+00

e All are tested to 1200Psi
- * They all are designed for 1400Psi
e  %in bore size
Criteria Weight  Version 1(.55lbs) Version 2(.66lbs) Version 3(.51Ib) Criteria Weight % |GS Compact Remote Tandem Master Cylinder (TM1) Kart Master Cylinder (RM1)
Price 10% 4 3 5 Price . 15 2 4 5
Mass 40% 5 4 5 Bore Size 40 5 3 5
. % 3 ) 4 Stroke 30 4 5 2
Ability to Manufacture 30% Overall Length 10 3 1 5
Factor of Safety 20% 3 4 5 Reliability 5 4 5 2
Total 100% 3.9 33 4.7 Total 100 4 3.65 3.95

]"\il CAL STATE LA College of Engineering, Computer Science and Technology
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Concepts

Rear Brake Calipers - 2 Front Brake Calipers - 2

* Boresizeis 1.25in
* Inlet threadis 1/8-27 NPT

* Want big bore

* Boresizeis 1lin
* Inlet threadis 1/8-27 NPT
e Want small Bore

PS-1 Caliper GP200 Caliper Caliper
Criteria Weight% GP200 Caliper Billet Go-Kart PS1 Caliper Criteria Weight%| GP200 Caliper Dynalite Single llIA Dynapro Single Caliper
Price 20% 3 1 5 Price 20% 3 1 5
Mass 10% 5 3 4 Mass 10% 5 3 4
Piston Bore 30% 1 5 5 Piston Bore 30% 4 5 5
Mount Side 10% 5 5 3 Mount Side 10% 5 5 3
Size 30% 5 3 5 Size 30% 5 1 1
Total 100% 3.4 3.4 4.7 Total 100% 4.3 2.8 3.5

* 100 Ibs. applied
e A proportional value can be used to optimize performance

Front Braking Efficiency 2.55
Rear Braking Efficiency 2.29
Ratio (70 is Normal) 53

LA 'I CAL STATE LA College of Engineering, Computer Science and Technology 24



Concepts

Master Cylinder Housing - 2 Pedal Housing

6.646e+00
/ FOS
8.300e+00

I 8.135e+00

_ 7.969e+00

_ 7.804e+00

_ 7.638e+00

. 7.473e+00

_ 7.308e+00

tic 1(-Default
Plot type: Factor of Safety Factor of Safety1

Criterion : Automatic
Factor of safety distribution: Min FOS = 1.7 [ ] F O S of 1 7
.

FOS

- * Withstand full load from g
| 2.748e+00 the pedal

P e Martial: Steel * Designed with forces at 90deg
. FOSis 6.6

Martial: Steel

_ 7.142e+00

_ 6.977e+00

. 2.243e+00

- 2.117e+00

. 1.991e+00

I 1.865e+00
1.739e+00

]"\il CAL STATE LA College of Engineering, Computer Science and Technology 25



Other Achievements

Improved excel brake sheet
 More accurate data

« Better understanding of the
forces and pressures at each
point

« Add data for front and rear
braking

* Energy requirement
calculations

« Braking ratio value
Nose model
* In progress

ml:l CAL STATE LA College of Engineering, Computer Science and Technology

T. F. L A T U
rot pedal N 14 N cal* pad* pad

Ttire

> B(C-l-,uth) me Amc Ttire Htire
* W
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Agenda

|. Introduction/Background
ll. Project Requirements
lll. Technical Progress

Chain Drive

« Differential

«  Wheel Hub

« Brakes

Front Suspension - Aaron
«  Shocks

*  Driver Ergonomics
V. Questions?
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Front Suspension

Geometry & Kinematics
* Due to packaging constraints, suspension

geometry needed to change to accommodate a
wider nose, while maintaining optimal kinematics

and trackwidth.

Baja SAE 20-21: front

&

'
¥

&

RC
{0, 11.457) inches
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Concept Selection

Design Concepts
* Front suspension is composed of 3 major components, the kingpin, lower control arm (also
known as A-arm), and upper control arm.

Bottom Arm Concepts
All made from 1”x.049” 4130 steel round tubing

S

Iteration 1 Iteration 2 Iteration 3

Kingpin Concepts
All machined out of 6061-T6 aluminum

Top Arm Concepts
All made from 1”x.065” 4130 steel round tubing

<A\~

Iteration 1 Iteration 2 Iteration 3

LA'{I CAL STATE LA College of Engineering, Computer Science and Technology

Iteration 1 Iteration 2




Concept Selection

Top A-Arm

Load Case: 850 Ibf vertical
Mesh type: Shell Mesh
Fixture: Fixed Hinge at frame and
shock tab
FOS: 1.4

Bottom A-Arm

Load Case: 500 Ibf longitudinal
Mesh type: Shell Mesh
Fixture: Fixed Hinge at frame
FOS: 5.7

Load Case: 500 Ibf longitudinal
Mesh type: Solid Mesh
Fixture: Fixed Hinge and Rigid
Contact
FOS: 4.1

LA'{I CAL STATE LA College of Engineering, Computer Science and Technology

Top A-Arm

Scale 1-5, 5 = best

Model 1

X

Madel 2

Model 3

Manufacturing (20%)

FOS (40%)

Cost (10%)

Weight|30%)

Tatal

B | un o | e fon

on s fuss fea fun

w

en | ua | fa oo

Bottom A-Arm

Scale 1-5, 5 = best

Y

Model 1

Maodel 2

Madel 3

Manufacturing (20%)

FOS (40%)

Cost (10%)

Weight(30%)

Total

o fun o |pa e

Lo [ g o |un | as

e |w e ]o;

Kingpin

Scale 1-8 5 = best

Model 1

Model 2

Model 3

Manufacturing (20%)

FOS [40%)

Weight{40%)

Toital




Final Design-Front Suspension

Suspension CAD - Front View Front Suspension CAD - Side View

ml_l CAL STATE LA College of Engineering, Computer Science and Technology
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|. Introduction/Background
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lll. Technical Progress

Chain Drive
« Differential
«  Wheel Hub
« Brakes

Front Suspension
Shocks - Chris
*  Driver Ergonomics

V. Questions?
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Shock Packaging

* |mportance:

e appropriate shocks are required to
settle car to optimum ride
condition

e The faster & smoother this is done
the faster the car can go

Air Shock e How its done:

(Progressive)
e Limits the amount of chassis

movement

Coil over shock single * Provides Stable and (

spring (linear) _ _ ride for the driver
Coil over shock dual spring

(Progressive)

LAI:I CAL STATE LA College of Engineering, Computer Science and Technology



One-guarter of -

the car body

Suspension k> |;j C

|

| _I X
wheel M

Tire stiffness &

X7

1”"!] CAL STATE LA College of Engineering, Computer Science and Technology

Quarter Car Suspension Model

m,: Sprung corner mass

m4: Unsprung corner mass,

Tire/wheel assembaly
Calipers

Hub

Axle

Etc.

k,:Shock spring rate

k,: Tire spring rate

c : Shock damping rate




s M. 2
I
! !
Ko (Zs —2Z4) Ce(Z2e = Z)
T T
M, My 2y
!
H]— I:.l:-:_l_l — .":-.-_._}
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Quarter Car Model Free Body Diagram

Shock spring force : F, = K.(z; — z,)
Shock damping force: F,; = C,(zs — Zy,)
Tire spring force: F; = K.(z, — z,)

Applying newtons second law of motion (F = ma)
to both sprung and unsprung masses

Equations of motion

LF =mgZ; = —F; — Fgq
1) mgz; = _KS(ZS - Zu) — Cs(Zs — Zy)

YF=m,Z, =F+F;;— F;
2) myz, = K(zg — z,) + Cs(Z5 — 2y



Important Parameters Considered

Front Rear
Arm Length [in] 13 23.19
. Motion Ratio: Length to Shock Mount [in] 9 21.65
Angle Placement a [degrees] 35 4.62
. the ratio of the shock displacement to the wheel
displacement A
AB L
3) MR = —cosa =-2E cosa
AC Lac as™

*  Shock extended length:

*  Must be larger than the distance between the shock
mounting points on the chassis and arm tabs at ride
height

. Droop:

*  Roughly 40% of the shock travel compressed at ride
height

Dl

]"\il CAL STATE LA College of Engineering, Computer Science and Technology D2




Sheet1

										Table 1

		REAR		Whoops 

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Ramp w/ Drop off

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Tabletop w/ slope

Chris Escobar: Chris Escobar:
20 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Small Bumps

Chris Escobar: Chris Escobar:
15 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Gout

				Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring

		max Force Ms [lbf]		239.62		253.39		407.32		436.87		199.33		216.3		26.65		29.66

		max Force Mus [lbf]		555.43		596.92		666.42		613.53		671.42		663.36		361.85		360.96

		max Position Ms [in]		4.47		4.64		11.7		10.36		3.27		3.28		0.37		0.37

		max Position Mus [in]		4.91		5.41		9.11		9.37		3.51		3.6		0.37		0.37

				Lowest Result				Lowest Result				Lowest Result				Lowest Result

				Dual Spring				Dual Spring				Dual Spring				Dual Spring

				Dual Spring				linear spring				linear spring				linear spring

				Dual Spring				linear spring				Dual Spring				FALSE

				Dual Spring				Dual Spring				Dual Spring				FALSE



										Table 2

		FRONT		Whoops 

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Ramp w/ Drop off

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Tabletop w/ slope

Chris Escobar: Chris Escobar:
20 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Small Bumps

Chris Escobar: Chris Escobar:
15 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Gout

				Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring

		max Force Ms [lbf]		91.33		99.01		135.92		141.42		227.74		245.32		32.43		35

		max Force Mus [lbf]		212.71		218.97		296.04		297.13		507.11		504.54		358.8		358.8

		max Position Ms [in]		4.92		4.77		6.59		6.5		10.25		9.9		0.56		0.53

		max Position Mus [in]		4.13		4.13		6.2		6.22		8.86		9.11		0.7		0.71

				Lowest Result				Lowest Result				Lowest Result				Lowest Result

				Dual Spring				Dual Spring				Dual Spring				Dual Spring

				Dual Spring				Dual Spring				linear spring				FALSE

				linear spring				linear spring				linear spring				linear spring

				FALSE				Dual Spring				Dual Spring				Dual Spring

		REAR		Whoops 

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Ramp w/ Drop off

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Tabletop w/ slope

Chris Escobar: Chris Escobar:
20 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in		

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in												Small Bumps

Chris Escobar: Chris Escobar:
15 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in		

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				

Chris Escobar: Chris Escobar:
20 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in								Gout

				Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring

		max Force Ms [lbf]		239.62		253.39		219.77		223.93		199.33		216.3		26.65		29.66

		max Force Mus [lbf]		555.43		596.92		313.07		306.04		671.42		663.36		361.85		360.96

		max Position Ms [in]		4.47		4.64		6.9		6.31		3.27		3.28		0.37		0.37

		max Position Mus [in]		4.91		5.41		6.4		6.18		3.51		3.6		0.37		0.37

		REAR		Whoops 

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in												

Chris Escobar: Chris Escobar:
15 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in		Ramp w/ Drop off

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in						Tabletop w/ slope

Chris Escobar: Chris Escobar:
20 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in		

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in																		Small Bumps

Chris Escobar: Chris Escobar:
15 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in		

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				

Chris Escobar: Chris Escobar:
20 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				

Chris Escobar: Chris Escobar:
15 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in		

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in																				Gout

				Dual Spring		linear spring				Dual Spring		linear spring				Dual Spring		linear spring				Dual Spring		linear spring				Dual Spring		linear spring

		max Force Ms [lbf]		239.62		253.39		Dual Spring		219.77		223.93		Dual Spring		199.33		216.3		Dual Spring		26.65		29.66		Dual Spring		Dual Spring

		max Force Mus [lbf]		555.43		596.92		Dual Spring		313.07		306.04		linear spring		671.42		663.36		linear spring		361.85		360.96		linear spring

		max Position Ms [in]		4.47		4.64		Dual Spring		6.9		6.31		linear spring		3.27		3.28		Dual Spring		0.37		0.37		FALSE

		max Position Mus [in]		4.91		5.41		Dual Spring		6.4		6.18		linear spring		3.51		3.6		Dual Spring		0.37		0.37		FALSE















Motion Ratio & Masses



				Front		Rear

		Arm Length [in]		13		23.19

		Length to Shock Mount [in]		9		21.65

		Angle Placement 𝛼 [degrees]		35		4.62

		Corner Weight [lbs]		85		155

		Unsprung Weight[lbs]		35		40

		Sprung Weight [lbs]		50		115






Example of MATLAB Dual & Single spring rate
Quarter Car model results

Spring Rate: Keq =32, K1=19, & K2 =45 [Ibs/in]

Spring Rate: Keq =32, K1=19, & K2 =45 [Ibs/in]

DS Sprung Mass DS Total Force on Sprung Mass
O DS Max Sprung Position y = 11.70 O DS Max Force on Sprung Mass = 407.32
DS Unsprung Mass DS Total Force on Unsprung Mass
DS Max Unsprung Position y = 9.11 800 DS Max Force on Unsprung Mass = 666.42
\ DS Ground - data2
| O DS Max Ground Position y = 6.00 S8 Total Force on Sprung Mass
1 SS Sprung Mass SS Max Force on Sprung Mass = 436.87
\ # 85 Max Sprung Position y = 10.36 SS Total Force on Unsprung Mass
]| . SS Unsprung Mass 600 ¥ 88 Max Force on Unsprung Mass = 613.53
1 1 f SS Max Unspring Position y = 9.37 - Force from Ground
1 s Ground Max Force from ground = 991.88
— 1| % Max Ground Position y = 6.00 data
© I
S 5
= 5 400
S 5
’é’ .I i
o
< 200 b
D = —
0 ——
2+ E
i Y i i ; ; : : -200 . i .

0 0.5 1 1.5 2 2:5 3 3.5
Time [Seconds]
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Time [Seconds]
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Analyzing Results

Spring Rate: Keq =32, K1=19, & K2 =45 [Ibs/in]

X 0.994
Y 1.29026

X 0.99174 \

Y 1.25211

N

DS Sprung Mass
O DS Max Sprung Pasition y = 11.70
DS Unsprung Mass
DS Max Unsprung Position y = 9.11
DS Ground
O DS Max Ground Position y = 6.00
SS Sprung Mass
4 S5 Max Sprung Position y = 10.36
SS Unsprung Mass
S5 Max Unspring Position y = 9.37
s Ground
#  Max Ground Position y = 6.00

11 1.2 13 14 15 16 1.7
Time [Seconds]

College of Engineering, Computer Science and Technology

Force [Ibf]

480

470

460

450

440

430

420

410

400

390 r

380

Spring Rate: Keq=32, K1=19, & K2 =45 [Ibs/in]

‘ | X 0.051

DS Total Force on Sprung Mass
© DS Max Force on Sprung Mass = 407.32
DS Total Force on Unsprung Mass
DS Max Force on Unsprung Mass = 666.42
- data2

S8 Total Force on Sprung Mass
# 88 Max Force on Sprung Mass = 436.87
SS Total Force on Unsprung Mass
SS Max Force on Unsprung Mass = 613.53
Force from Ground

*  Max Force from ground = 991.88
i .Y 436.871 data1
" 1 X 0.05001
L ‘ 1Y 407.32
I
£
|5\
|
(|
|
]
| 1
’ [ | 1 1 Il
0.05 0.1 0.15 0.2

Time [Seconds]




Dual Rate vs Single rate simulation results

Table 1
REAR Whoops Ramp w/ Drop off Tabletop w/ slope Small Bumps
Dual Spring (linear spring|Dual Spring |linear springDual Spring |linear spring |Dual Spring (linear spring
max Force Ms [Ibf] 239.62 253.39 407.32 436.87 199.33 216.3 26.65 29.66
max Force Mus [lbf] 555.43 596.92 666.42 613.53 671.42 663.36 361.85 360.96
max Position Ms [in] 4.47 4.64 11.7 10.36 3.27 3.28 0.37 0.37 = - TovetLengn | Adusasity | Zended
max Position Mus [in] 4.91 5.41 9.11 9.37 3.51 3.6 0.37 0.37 eram
Lowest Re.sult Lowest Rgsult Lowest Re.sult Lowest Re'sult .
Dual Spring Dual Spring Dual Spring Dual Spring ]32% 203% 335% 71% ia 135%
Dual Spring linear spring linear spring linear spring DEFEREINN coicio1sconss | crernascomss | cnerodscones | cossconss | crenasscoms | |
Dual Spring linear spring Dual Spring FALSE o
Dual Spring Dual Spring Dual Spring FALSE Biminator 4 2 S 1 S 4.00
Table 2 QA Proma
FRONT Whoops Ramp w/ Drop off Tabletop w/ slope Small Bumps slarsinaie 5 4 4 ] 3 3.67
Dual Spring (linear spring|Dual Spring |linear springDual Spring |linear spring |Dual Spring (linear spring
max Force Ms [Ibf] 91.33 99.01 135.92 141.42 227.74 245.32 32.43 35| | Gensisce 3 5 5 0 4 4.13
max Force Mus [lbf] 212.71 218.97 296.04 297.13 507.11 504.54 358.8 358.8
max Position Ms [in] 4.92 4.77 6.59 6.5 10.25 9.9 0.56 0.53
max Position Mus [in] 4.13 4.13 6.2 6.22 8.86 9.11 0.7 0.71| Ba 2 3 5 0 3 3.33
Lowest Result Lowest Result Lowest Result Lowest Result
Dual Spring Dual Spring Dual Spring Dual Spring
Dual Spring Dual Spring linear spring FALSE
linear spring linear spring linear spring linear spring
FALSE Dual Spring Dual Spring Dual Spring
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Sheet1

										Table 1

		REAR		Whoops 

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Ramp w/ Drop off

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Tabletop w/ slope

Chris Escobar: Chris Escobar:
20 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Small Bumps

Chris Escobar: Chris Escobar:
15 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Gout

				Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring

		max Force Ms [lbf]		239.62		253.39		407.32		436.87		199.33		216.3		26.65		29.66

		max Force Mus [lbf]		555.43		596.92		666.42		613.53		671.42		663.36		361.85		360.96

		max Position Ms [in]		4.47		4.64		11.7		10.36		3.27		3.28		0.37		0.37

		max Position Mus [in]		4.91		5.41		9.11		9.37		3.51		3.6		0.37		0.37

				Lowest Result				Lowest Result				Lowest Result				Lowest Result

				Dual Spring				Dual Spring				Dual Spring				Dual Spring

				Dual Spring				linear spring				linear spring				linear spring

				Dual Spring				linear spring				Dual Spring				FALSE

				Dual Spring				Dual Spring				Dual Spring				FALSE



										Table 2

		FRONT		Whoops 

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Ramp w/ Drop off

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Tabletop w/ slope

Chris Escobar: Chris Escobar:
20 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Small Bumps

Chris Escobar: Chris Escobar:
15 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Gout

				Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring

		max Force Ms [lbf]		91.33		99.01		135.92		141.42		227.74		245.32		32.43		35

		max Force Mus [lbf]		212.71		218.97		296.04		297.13		507.11		504.54		358.8		358.8

		max Position Ms [in]		4.92		4.77		6.59		6.5		10.25		9.9		0.56		0.53

		max Position Mus [in]		4.13		4.13		6.2		6.22		8.86		9.11		0.7		0.71

				Lowest Result				Lowest Result				Lowest Result				Lowest Result

				Dual Spring				Dual Spring				Dual Spring				Dual Spring

				Dual Spring				Dual Spring				linear spring				FALSE

				linear spring				linear spring				linear spring				linear spring

				FALSE				Dual Spring				Dual Spring				Dual Spring

		REAR		Whoops 

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Ramp w/ Drop off

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				Tabletop w/ slope

Chris Escobar: Chris Escobar:
20 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in		

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in												Small Bumps

Chris Escobar: Chris Escobar:
15 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in		

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				

Chris Escobar: Chris Escobar:
20 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in								Gout

				Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring		Dual Spring		linear spring

		max Force Ms [lbf]		239.62		253.39		219.77		223.93		199.33		216.3		26.65		29.66

		max Force Mus [lbf]		555.43		596.92		313.07		306.04		671.42		663.36		361.85		360.96

		max Position Ms [in]		4.47		4.64		6.9		6.31		3.27		3.28		0.37		0.37

		max Position Mus [in]		4.91		5.41		6.4		6.18		3.51		3.6		0.37		0.37

		REAR		Whoops 

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in												

Chris Escobar: Chris Escobar:
15 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in		Ramp w/ Drop off

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in						Tabletop w/ slope

Chris Escobar: Chris Escobar:
20 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in		

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in																		Small Bumps

Chris Escobar: Chris Escobar:
15 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in		

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				

Chris Escobar: Chris Escobar:
20 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				

Chris Escobar: Chris Escobar:
15 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in		

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in				

Chris Escobar: Chris Escobar:
30 ft/s 
10 lbs preload
Keq 35 lbs/in
k1 20 lbs/in
k2 45 lbs/in																				Gout

				Dual Spring		linear spring				Dual Spring		linear spring				Dual Spring		linear spring				Dual Spring		linear spring				Dual Spring		linear spring

		max Force Ms [lbf]		239.62		253.39		Dual Spring		219.77		223.93		Dual Spring		199.33		216.3		Dual Spring		26.65		29.66		Dual Spring		Dual Spring

		max Force Mus [lbf]		555.43		596.92		Dual Spring		313.07		306.04		linear spring		671.42		663.36		linear spring		361.85		360.96		linear spring

		max Position Ms [in]		4.47		4.64		Dual Spring		6.9		6.31		linear spring		3.27		3.28		Dual Spring		0.37		0.37		FALSE

		max Position Mus [in]		4.91		5.41		Dual Spring		6.4		6.18		linear spring		3.51		3.6		Dual Spring		0.37		0.37		FALSE
















Agenda

|. Introduction/Background
ll. Project Requirements
lll. Technical Progress

Chain Drive

« Differential

«  Wheel Hub

« Brakes

Front Suspension
«  Shocks

*  Driver Ergonomics — Brian
V. Questions?
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Cockpit Ergonomics

Factors Considered

o Safety

« System Integration

* Design based upon quantitative
data

Manufacturing Methods

» 3D print mold, lay over with
fiberglass.

* Vaccuum resin infusion carbon
fiber on fiberglass mold
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Cockpit Ergonomics

Ergonomics CAD - Front View Ergonomics CAD — Left Side View
r.f”f (¥ / x
8. 5 %
Y 9 j |
P /
Ergonomics CAD — Top View Ergonomics CAD - Isometric View

‘ J &
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Cockpit Ergonomics

Data Collection

« A questionnaire asking for
prospective driver body
dimensions

« Use measurements to determine
Center of Mass

ml_l CAL STATE LA College of Engineering, Computer Science and Technology

Analysis Summary

Seement Welght CM Weight cMm CMX | CMY
g Ibs. location (in) (in)

Head/ Neck
2  Trunk
3  Upper Arm

4  Forearm

5 Hand

6 Thigh

7 Lower Leg

8 Foot

8.2

46.84

3.25

1.87

0.65

10.5

4.75

1.43

0.63

0.436

0.43

0.468

0.433

0.434

0.5

14.042

79.628

11.05

6.358

2.21

35.7

16.15

4.862

5.225

12.6

5.232

5.0525

0.936

8.227

-1.28

2.07

13.33

20.76

8.1

40.57

22.95

31.78

32.32

35.75

17.09



I! Cockpit Ergonomics

Analysis Summary Analysis Summary
Rapid Upper Limb Assessment s
*Grand score: 6
*Meets requirements

*Center of driver mass on a 2D plane
*Driver: 5'9" - 170lbs
*Coordinates (5.06", 23.31")

1”"!] CAL STATE LA College of Engineering, Computer Science and Technology



Cockpit Ergonomics

Analysis Summary

Targeted body angles
« Elbow [90-170 deg]
* Hip [80-120 deq]
 Knee [100-150 deg]
* Ankle [80-120 deg]
Measured results
 Elbow 115 deg

* Hip 81 deg
 Knee 128 deg

* Ankle 81 deg

”‘l_l CAL STATE LA College of Engineering, Computer Science and Technology



Agenda

|. Introduction/Background
ll. Project Requirements

lll. Technical Progress
. Chain Drive
. Differential

«  Wheel Hub

« Brakes

Front Suspension
«  Shocks

*  Driver Ergonomics
V. Summary

]"\il CAL STATE LA College of Engineering, Computer Science and Technology



Summary

Initial Goals
e Design, build and test a four-
wheel drive Baja style vehicle

Issues along the way

* Lack of lab access did not allow for
manufacturing

* Packaging constraints within the
nose of vehicle prompted redesigns
for various members

Final Results

* Finalized designs for all subsections
of the vehicle are completed with
thorough analysis, and are ready to
be manufactured

LA'.I CAL STATE LA College of Engineering, Computer Science and Technology

2021 Baja
SAE Vehicle

Senior Design
components
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