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Project Description

What is SAE Baja?

The Society of Automotive Engineers (SAE)
Baja Collegiate Design Series is an
engineering challenge for students to design
and build a single-seat, all-terrain vehicle.

« Compete against other universities

13 members total, 4 sub-teams

 Front End, Rear End, Frame, Drivetrain
* Sponsors: See Fundraising Slide!

» Successful performance puts NAU on the
map, strengthens internal Baja
knowledge, and grows NAU Baja industry
sponsorship connections

; % s { NORTHERN
NAU SAE Baja 2020-2021 ARIZONA

UNIVERSITY
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Design Description

ITEM NO. PART NUMBER DESCRIPTION
1 Driver Knuckle 2.0 6061-Té aluminum
2 63195K77 Swivel Joint
3 Driver_Side_LCA_Final_ lewier Canfival erm
4 63195K77 Swivel Joint, Source: MMC
5 Missalignment spacer 25D, 75°0D Spacer
[ Shoulder Bolt Spacer .25"ID, .125" Length
Same-Size Thread 18-8 Stainless
/ 71273A506 Steel Shoulder Screw
Missalignment spacer .\ "
9 S50 UCA .25"ID, .75"0OD Spacer
10 Driver_Side_UCA_Final Upper Control Arm
V2.2
11 60645K121 Ball Joint Rod End
12 60645K121 Ball Joint Rod End
13 Tie Rod Steering Tie Rod
14 CV Axle End Husky 305 CV Axle End
15 CV Bearing 55mm OD, 30mm ID, 13mm Width
Tie Rod Ball Joint m m [ =f
17 spacer .25"ID, .125" Height
Black-Oxide Alloy Steel Socket
18 900444123 Y re] R
19 95462A029 Medium-Strength Steel Hex Nut
20 Wheel Hub Example hub for fittment
21 95462A538 Medium-Strength Steel Hex Nut
22 FOX Float Shock, 18" Eye to Eye, 8" Stroke
24 Rack and Pinion Steering rack. 18" Width, 5.5" Throw
25 CV Axle Inboard Modeled transmission for fittment

Standin

Sub Systems:

* Control arm/Knuckle
interface
e Control arm and swivel
joint mounting methods
e Steering Rack
* Rack pinion mating
mechanism
* CV Axle/Knuckle interface
* Double ball bearing
compression mechanism

NORTHERN
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DESCRIPTION

Swivel Joint Spacer 1/4"

Swivel Joint, 3/4" ID, 27 Degree

Same-3ize Thread 18-8 Stainless
Steel Shoulder Screw, 1/4"

FINISH

TITLE:

Swivel
Assembly

SIZE DWG. NO. REV

A

SCALE: 1:1 WEIGHT: SHEET 1 OF 1

1

esign Descrlptlon — Swivel Joint
Important

Features:

* Improves swivel angle from
27 degrees to 45 degrees

 Reduces bolt diameter from
.75" to .25"

* Places Spacersin
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esign Descrlptlon — CV Interface

2

APPLICATION

ITEM NO. PART NUMBER DESCRIPTION
1 Driver Knuckle 2.1 6061-Té Aluminum
2 CV Axle End Husky 305 CV Axle End
Ball Bearing, 30mm shaft, 55mm od,
J 6661K87 13mm Width
B 4 Hub Spacer Stand in hub for display purposes
Medium-Strength Steel Hex Nuts -
5] 98797A855 Bt
A A

UMLESS QTHERWISE SPECIFIED:

DO MOT SCALE DRAWNG

EMG APPR

COMMENTS:

Important

Features:

B . .
* Reduction of bearing OD to
55mm from 72mm
* Increase separation between
bearing surfaces
* Bearings retained in knuckle
SECTION A-A with Single hub bolt attached
‘ to cv end
CHECKED == TITLE: A
CV Axle Knuckle
Mating Relation
S\E DWG. NO. REWV
SCALE: 1:4 WEIGHT: SHEET 1 OF 1 ) N D RTH ER N
1 ARIZONA

UNIVERSITY
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Design Descrlptlon — Steering Rack

8
ITEM NO. PART NUMBER DESCRIPT, or\ Qry.
1 Pinion Casing Housing casing with mounts 1
F 2 Rack Machined cusiom rack 1
Rack Joint Press on ball joint connections 2
4 |Boaring Shaoft Male connection for pinicn gear| 1
5 I{.-OMS(MI Ball Joint Rod End 2
E
D
C
B
A
8 &

| Important
Features:
* Rack Length of 18” from eye
to eye
|  5.5” rack travel end to end
c * Rack ends pressed on to
\adjust angle of ball joints /

Rack and Pinion
: 3 2 S , NORTHERN

ARIZONA
UNIVERSITY
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Design Requirements - QFD

1 i- Decrease Vehicle Width 1
2 | Increase Ride Height !
3 ! Increase Tire Traction : -3 Legend
4 : Increase Capability in Rough Terrain 1 3 9 6 A NAU #74
5 1 Increase Turn-In Angle ! 3 B Baja ETS ey e .
6 1 Increase Crash Durability & 6 | -3 6 C Cornell Racing POSItlve Co rrelatlon
Customer Opinion Survey o Capability in rough terrain
& ride height
i Inverse Correlation
‘® . . .
5 o Tire traction & vehicle
'—
ey .
2 . \_  Width )
5 c © le|3
g =151 ¢ | 5 |8¢
< @ @ & = i a
T Q s = 2 - - Q@
2 g |38 o g | 5|8 g £
5 > x = O = O = 2 <
£ a & & & @ @ 38 8 <
2 o | 8 3 B | 8 o < w
o pud pud pud put put e. ® 0
Customer Needs 3 gl12] 8 | B 880 & o v u Positive Correlation
1 ] Comply with track dimensions 4 9 A BC .
2 I Adequate ground clearance 2 9 6 9 A C B O Com ply Wlth traCk
3 : Adequate traction 3 3 3 9 6 3 A BC . . . .
4 i Safe operation over rough terrain| 3 6 6 3 9 9 ABC d|men5|0ns & VehICIe Wldth
5 | Agile manuverability! 4 6 3 6 3 9 A BC
o i e —— : 2 - — o Adequate ground clearance
0| o282 gz 8 & ride height
. . . o225 |2 29 o <
Technical Requirement Units| § | S | 5 (c/)“) g S ‘;: g > g
S| 2 (g2 =27 & o Agile maneuverability &
o
Technical Requirement Targets| & 9 o g g < \ tu rn- ln d ngle
<
Absolute Technical Importance| & et N P Q 23
Relative Technical Importance| < 0 ™ N © <
NORTHERN
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Design Requirements - ERS

Current
Parameter Target : Acceptable?
Design
Comply Wlt.h Track Decrease Vehicle Width Track Width <64" 62.8” \/
Dimensions
LIS El e Increase Ride Height Ride Height >10" 10.5” \/
Clearance
Adequate Traction Increase Tire Traction Scrub Radius +0” 0.34” \/
Safe Operation .Over Increase Capabl.llty in Wheel Travel £12¢ 13" ‘/
Rough Terrain Rough Terrain
Agile Maneuverability Increase Turn-In Angle Pro-Ackerman >40% 48% \/
|
Robust Design Increase Crash Durability Collision Speed ! 20mph N/A N/A

Full front end assembly will be tested in FEA to
verify impact performance at various speeds ASAP

NORTHERN
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Engineering Calculations - Abe

Control Arm Pivot Shoulder Bolt Sizing

Grade 8 Tensile Strength: 150,000 psi [1] )
Ratio of Shear/Tensile Strength: ~0.6 [2]

Dynamic Load Factor for Structural Bolts: 0.9 [3]

Max Impact Load: 2160 Ibf (max load from pres. 1,
bolt will never see this, but better safe than sorry!) )

N

Problem
Givens

O O O O

Governing Fshear,bolt = Stenslie * (0-6) * (0.9) * Abolt

Fshear,bolt

Equations Apore = 2 * g xdz,,, FoS=

F shear,impact
) p )

A_bolt F_shear of Bolt F_shear from Impact

Diameter (in"2) (Ibf) (Ibf) FoS
1/4" 0.10 7952 2160 3.68 Much better!
/
3/8" 0.22 17892 2160 8.28
MMC - 90807A139 /

NORTHERN
ARIZONA

UNIVERSITY

Abe | SAE Baja '24 | F23toSp24 09 | November 6th, 2023



Engineering Calculations - Abe

Control Arm Construction Drawings

Upper Control Arm Lower Control Arm

168.190

These engineering drawings play a vital role in calculating cut angles
on the pipe cutting vice and getting pipe lengths between members
correct for prototyping and beyond! NORTHERN

ARIZONA
UNIVERSITY
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Engineering Calculations - Bryce

Knuckle Upper Control Arm Mounting Interface

\
Material: 6061-T6 Aluminum Billet
Problem Maximum Impact force: 2200Ibf through wheel
Givens Minimum cross-sectional area: 1.179 in2
Shear Strength: 3770ksi
J
\
Governing Fshear,Aluminum = Sshear g AMinimum Cross Section
. - Fsnear poit
Equations AMinimum cross Section = base * height FoS = el
shear,impact
y,
Base Height | Area (in?2) | Impact Force (Ibf) | Shear force (kpsi Shear Strength 6061 (kpsi) FOS
1.66 0.71 1.1786 2200 2592.92 3770 1.453959

A calculated FOS of 1.45 is suitable for our applications; however, to
account for unforeseen impacts, modifications will be made to
NORTHERN

accommodate a FOS of 3 for this critical feature : ARIZONA
UNIVERSITY
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Engineering Calculations - Bryce

Knuckle Upper Control Arm Mounting Interface

e After performing a simple FEA
simulation on the knuckle in using
Results the SolidWorks simulation add-in, a

generated calculated factor of safety of 1.197
from was determined at the point of

SolidWorks minimum cross-sectional area.

* Using this information, a revised
design will be created aimed at
increasing the factor of safety to 3

-
1.197e +00

Additional Due to the criticality of this feature, a higher FOS is desired to ensure the NORTHERN
. . . . . ' ARIZONA
notes knuckle can withstand unforeseen circumstances during testing or racing. LNIVERSITY

Bryce | SAE Baja '24 | F23toSp24_09 | November 6th, 2023




Engineering Calculations - Evan

Hypothetical Weight of Vehicle with Driver  450lbs / 205kg

% (450lbs) = 225Ibs on the front two tires

Under the Assumption that there is a perfectly centered center of gravity

e Cornering Mass on One Front Wheel 112.5lbs / 51.25kg

Q Z Friction Force Calculation
\ 'fgzs:z::-* f=pN
Friction Coefficient for Asphalt 9

Normal Force (N) 3622.5 Ib(ft/s"2)
Force of Friction on front two wheels 3260.25 Ib(ft/s"2)

NORTHERN
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Engineering Calculations - Evan

Contact Patch (Yellow) 7.5in / 0.625ft
Torque due to friction force on Wheel 2037.5 Ib(ft/s"2)ft
Lateral Push Distance (Orange) 4 in / .333ft

Torque due to Lateral Push

Tipush = ft * Distance from Tire Rod to Kingpin Axis

Tlpush = Tfriction

fr =6117.12 Ib(ft/s"2) or 85N

NORTHERN
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Design Validation — UCA

Part # and Potential Failure Potential Causes and

Eunctions Mode Potential Effect(s) of Failure Mechanisms of Failure RPN Recommended Action
UCA Sgi)tulder Impact Fatigue Erratlzrc))prgr?atllocr; Poor Overstressing 30 Use 3/8" Shoulder Bolts o Shoulder B.O|tS
oA snoud T —— o Welded Points
oulder rratic Operation, Poor . " .
Bolt Impact Fracture Appearance Impact Loading 30 Use 3/8" Shoulder Bolts o Ball Joint
UCA Pivot Tubing| Impact Fatigue No Longer Operational, Poor Overstressing . Limit Length and Check o Joined Members
Appearance Welds .
No Longer Operational, Poor Limit Length and Check Q Tmeg Lengths j
UCA Pivot Tubing| Impact Fracture 0 Longer Fperational, Foo Impact Loading 9 imit Length a ec
Appearance Welds
UCA Long Impact Fatique No Longer Operational, Poor Overstressin 18 Limit Torsion on UCA and ®a O e
Member(s) P 9 Appearance 9 Check Welds M It Iga t I O n
UCA Long Impact No Longer Operational, Poor Impact Loading 18 Limit Torsion on UCA and
Member(s Deformation Appearance Check Welds
(s) oL | x . o 3/8” Shoulder Bolts
: No Longer Operational, Poor . Strengthen mount wit .
UCA Shock Mount| Impact Fatigue Appearance Overstressing 30 addition weld/plates o Run FEA’ Verlfy WE|dS,
UCA Shock Mount| Impact Fracture N (HEEE OJEEETIUEL, (e Impact Loading 30 Stren_g_then L Brace Welded Areas
Appearance addition weld/plates
; . ; : o Keep Arms Compact,
UCA Ball Joint Impact Fatique No Longer Operational, Poor Overstressin 30 Orient properly relative to
Cup P 9 Appearance 9 knuckle motion \ Brace Long Lengths
UCA Ball Joint Impact Fracture No Longer Operational, Poor Impact Loading 30 Orient properly re_Iatlve to
Cup Appearance knuckle motion

NORTHERN
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Part # and
Functions

Potential Failure

Mode

Potential Effect(s) of Failure and Mechanisms RPN
of Failure

Erratic Operation, Poor

Recommended Action

Design Validation — LCA

Potential Causes

LCA Shoulder Bolt | Impact Fatigue Overstressing 30 Use 3/8" Shoulder Bolts
Appearance
LCA Sholder Bolt | Impact Fracture SISO IS, (e Impact Loading | 30 Use 3/8" Shoulder Bolts
Appearance
LCA Pivot Tubing | Impact Fatigue NE Lemger QEEEIE, Hae; Overstressing 8 Limit Length and Check Welds
Appearance
LCA Pivot Tubing | Impact Fracture No [emgfelr @pelEtitoel, Hear Impact Loading 8 Limit Length and Check Welds
Appearance | T T |
=G [LOITG, Impact Fatigue Mo LEgier OpErEiionsl, Aoy Overstressing 64 fRaise ride height and check welds
Member(s) Appearance -
=&AL Impact_ N Lengsr QEEERE, Foof Impact Loading § 64 ‘Raise ride height and check welds
Member(s) Deformation Appearance - .
LCA Ball Joint Cup | Impact Fatigue No Longer Operational, Poor Overstressing 30 Orient properly re_latlve to knuckle
Appearance motion
LCA Ball Joint Cup | Impact Fracture No Longer Operational, Poor Impact Loading | 30 Orient properly rglatlve to knuckle
Appearance motion
LCA Bracing Impact Fatigue |Flying Debris, Poor Appearance| Overstressing 15 Limit length and check welds
LCA Bracing Impact Fracture |Flying Debris, Poor Appearance| Impact Loading | 15 Limit length and check welds

Q Tubing Lengths

o Shoulder Bolts
o Welded Points
o Ball Joint
o Joined Members

J

Mitigation

O
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3/8” Shoulder Bolts
Verify Welds, Run FEA,
Brace Welded Areas
Keep Arms Compact,
Brace Long Lengths

o Raise Ride Height

NORTHERN
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Design Validation — Knuckle

Potential
Part # and Potential Failure Causes and

. Potential Effect(s) of Failure . RPN Recommended Action
Functions Mode Mechanisms of
Failure
UCA Knuckle Shoulder Bolt Impact Fatigue Knuckle detatch from Control Arm Overstressing 30 Increase Bolt Diameter to 3/8"
°
UCA Knuckle Shoulder Bolt Impact Fracture Knuckle detatch from Control Arm Impact Loading 40 Increase Bolt Diameter to 3/8" Kn u Ckl e LCA Th rea d p u I IOUt
UCA Alignment Spacer Impact Fatigue Inconsistant Operation Overstressing 8 Change material to steel from aluminum ° Th rea d d efo rm at lon
UCA Alignment Spacer Impact Fracture Inconsistant Operation Impact Loading 8 Change material to steel from aluminum
* Knuckle UCA Mount
LCA Knuckle Shoulder Bolt Impact Fatigue Knuckle detatch from Control Arm Overstressing 30 Increase Bolt Diameter to 3/8"
* Mount
LCA Knuckle Shoulder Bolt Impact Fracture Knuckle detatch from Control Arm Impact Loading 40 Increase Bolt Diameter to 3/8" d f t /f t
LCA Alignment Spacer Impact Fatigue Lower Suspension Effectivenenss Overstressing 8 Change material to steel from aluminum erormation racture
LCA Alignment Spacer Impact Fracture Lower Suspension Effectivenenss Impact Loading 8 Change material to steel from aluminum
Tie Rod Shoulder Bolt impact fracture Knuckle detatch from Tie Rod Overstressing 40 Increase Bolt Diameter to 3/8"
Tie Rod Shoulder Bolt impact fatigue Knuckle detatch from Tie Rod Impact Loading 30 Increase Bolt Diameter to 3/8" d
Tie Rod Bolt Spacer impact fatigue Lower Steering Effectiveness Overstressing 12 Change material to steel from aluminum nat
Knuckle LCA Lower Mount | Impact Deformation Knuckle detatch from Control Arm Impact Loadin 40 Increase material thickness to_ 5" from 3" 1
P P 9 * Increase bolt thread size
Knuckle LCA Lower Mount impact fatigue Knuckle detatch from Control Arm Overstressing 40 Increase material thicknessfto .5" from .3"
Knuckle LCA Bolt Thread impact fatigue LCA Shoulder Bolt detatch from knuckle Overstressing 54 Increase bolt thread td 3/8"x20 . .
Knuckle LCA Bolt Thread impact fracture LCA Shoulder Bolt detatch from knuckle Impact Loading 54 Increase bolt thread td 3/8"x20 ° I ncrease mate ria I at p0| nt
Knuckle Tie Rod Mount Tab | impact deformation Tie Rod detatch from knuckle Impact Loading 40 Increase tab thickness to|.3" from .2" Of max be n d I ng mome nt
Knuckle Tie Rod Mount Tab Impact Fatigue Tie Rod detatch from knuckle Overstressing 40 Increase tab thickness to|.3" from .2"
Knuckle UCA Extension Impact Deformation UCA Detach from knuckle Impact Loading I 50 fIncrease CX area to decrease bending moment
Knuckle Bearing Bore Impact Deformation Lower drive effectiveness Impact Loading 3 Harden inner surface of bearing bore
Knuckle Bearing seperation | Impact deformation lower drive/steering effectiveness Impact Loading 4 Increase thickness of bearing separation

NORTHERN
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Design Validation — Steering

Part #

Potential

Potential Effect(s) of

Potential Causes

and Eunctions Failure Mode Failure and Mechanlsms of RPN Recommended Action
Failure
Knuckle . Broken Knuckle connection . Conduct FEA on Knuckle
. Impact Fatigue ) Overstressing
Connection to steering arm 20 tab
_ . . .
Knuckl_e Impact Fracture Broken Knuckle connection Impact Loading Conduct FEA on Knuckle Rack and Pinion Gradual
Connection to steering arm 40 tab Wear effecting Steering
. Broken Steering arm erformance
SUSEE Ar_m Impact Fatigue hindering steering Overstressing Limit Length P
Carbon Tubing .
capabilities 16
Steering Arm Broken Steering Limit Length and check
g/ Impact Fracture arm hindering steering Impact Loading Clearence and skid Sl s
Carbon Tubing o _
capabilities 16 protection
Steering Arm Sheer Strenath Threaded insert pulls out of Overstressing through Use of Epoxy to increase
Tubing Insert 9 carbon steering arm Tension 16 tensile strength
Steering Arm Impact Deformati Threaded insert damaged Impact Loadin Check clearance and * PrOperly use lubricant to
Tubing Insert on from impact s L 16 impact protection ensure wear is minimal
. . Breaking carbon steering Overstressing through Recommend using a within the gearbox.
Steering Column Torsion .
column Torsion 16 16mm OD x 14mm ID tube \
Steering Column Sheer of Bolt SE1) ST (SIS Overstressing of bolt Epoxy sphne msgrt oz
and broken column 16 in addition to using bolt NORTHERN
CIFENIEI T Bt Use of brass bushings with | ﬁl\ﬁ\l/% RDS'TITAY
Rack and Pinion Contact Wear Poor Steering Performance rack and pinion lubrication 9
assembly 60




Design Validation — Testing
Procedure

Testing will be completed in a variety of ways. Due to the expensive nature of the knuckle and other components within
the front-end assembly, the team will use both online FEA Modeling as well as physical testing.

Control Arm Construction
* The control arms have been tested thoroughly by Ansys FEA Software
* To pass tech inspection, welds must be certified thus proving the construction of the control arm

Steering System

* The steering system will be tested once the car is constructed with digital angle gauges and the turning radius of
the vehicle will be tested. Design testing was already completed thoroughly in Lotus Shark Software.

The tensile strength of the tire arms may be tested to ensure that the threaded insert mate adequately with the
carbon tubing used.

Knuckle Construction

* The knuckle has been tested thoroughly with FEA Ansys analysis.
* The knuckle will be tested with strain gauges once constructed.

NORTHERN

ARIZONA
UNIVERSITY
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11/17/23
11/20/23
11/24/23

11/27/23
12/1/23
12/2/23
3/20/24
4/20/24

4/25-28/24

Scheduling Moving Forward
T T

Prototype 1 Completed
Last day to register for Gorman Competition v/
Report 2
Final Cad in SolidWorks completed in addition to Bill of Materials
Second Prototype Demonstration
Second Prototype Demonstration
Begin Welding Frame
Car is functioning and drivable

Car Prepped for Tech Inspections

Gorman Competition

Evan | SAE Baja '24 | F23toSp24_09 | November 6th, 2023
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Front End Budget
| ooy | Relewnciems | approimatedCost_

Brake System $1,000

Control Arm Materials $120

Rod-ends/Ball Joints S50

1 Vehicle Expenses Shock Rebuild 5126
Knuckle Material/Manufacturing $1600

Estimated Total $2649

) FoEra BEIE Rod-ends, .Bushlngs, Welding $500

supplies, Hardware
el il Registration, travel (hotel rooms,
3 Expenses vehicle rentals, gas, etc.) s
Front Sub-team 7 iy B

4 Contingency (5%) Unpredicted Expenses S400

Total S4,674

Abe | SAE Baja '24 | F23toSp24_09 | November 6th, 2023

No Expenses Accumulated

All prototyping used
existing shop materials
or was cheap enough
to be personally

\ funded/fabricated! /
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Fundraising & Sponsors Update

\/IeDDM_] Free material and laser cutting for the

ENGINEERING & MANUFACTURING, INC CO n St ru Ct i O n Of t h e Ve h i CI e .

TUCSON, ARIZONA  USA

EURE" Monetary Donation
m Beverage Donation

@ Metal Stock for Primary Member
construction Donation

INDUSTRIAL METAL
SUPPLY COMPANY

@ IGEET!C Carbon Construction for Components

anosysrens =/ EFENSE

Donation of Titanium Stock and Hardware
TITANIUM

' ARIZONA

UNIVERSITY
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Rear Team

Seth Deluca, Joey Barta, Lars Jensen
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Design Descrlptlon — Rear Assembly

1y PART NUMBER DESCRIFTION T,
1 suspension Geometny Long Link 1
2 Trailing Link Fod End Insert 1
] 1 Ball Joint Red End 1
4 r Boftom 2
5 cylinder 1
& cylinder 1
7 cap 2
a8 Deanng 2
g F1I71 A4S Allow-5tesl 13-Point Screw 2
10 2018A111 High-3trenath Steel Mylon-Inssrt Flanges Locknut 1
11 CW Axle End 1
12 wheel (1} 1
13 12714802 Alloy-Stesl 13-Point Screw 1
14 skf bearing 4008 2 01 2
15 skt bearing 4004 2 02 2
16 skf_bearing 4008 2 03 2 oge .
17 carbon ink stesl insert ¥ _ 4 o Tra I I I ng I I n k
18 Aa0&45K1 4 Eall Joinf Rod End 4
L =% 2 * Rod end and shock
20 5442 g Medium-Srenath Sesl Hex Mut 1 .
7 FarfZARsar ."u'.J.E:.'jﬁ"Eii]" Assamby 1 mount Iocatlon
22 Wheel Spacer | .
23 F171 4541 Alloy-5tesl 12-Paint screw ] ° Ca m be r L| 1] kS
24 FOEINATSS High-3trenath Slasl Mylon-Insert Locknut 2
25 FII7TATIZ Alloy-5tesl 12-Point Screw 4 ° b
24 Hub'3 1 H u

* Wheels spacers
* CV Axle/Knuckle interface

* Double ball bearing
compression mechanism

R == Rear Suspension ; NORTHERN
o Assembly ARIZONA
) UNIVERSITY

A° V4

Raa ikl - o o

Lars | SAE Baja '24 | F23toSp24_09 | November 6th, 2023
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Design Description — Rear CV End
Spacing

* Hub
* Wheel mounts
ITEii M. | PART DESCRIPTION * Knuckle
1 Gey long k| | * Houses two bearings for
- heiane : the axle end
: EE‘;W” :  CV spacer

* Allows for no slop on
the axle end.

I S e -538 bolt

mprven oo e o * Tightens all parts

:ur_ruul B CHLTD TILE:
ramicria T e hulb_spacing \ together on axle /
o = Eemns SEE  [DWis. Ho. REW

SIEEI AHD Al UM UM

- A
BrErASY [IE-g /= 1

W N0k D O SCAITDEAWEG SCOLE: 1:10 VuE K HT: $HEET1 <F1 NDRTHERN

ARIZONA
UNIVERSITY
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30.95

Design Description — Trailing Link

Important

Features:

* Drilled out knuckle to
decrease weight

e Camber links mounts
reinforced with ribs

PROPRETART AND CORFIDENTIAL

* Trailing link reinforced with

\Iaser cut steel plate /
Rear Trailing Link

Lars | SAE Baja '24 | F23toSp24_09 | November 6th, 2023

SIZE DW%. \JC,‘.S ) REV
A ) NORTHERN
SCALE: 1:8 WEIGHT: SHEET 1 OF 1 AR I ZD NA
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Sfla-14
Tapped Hole ¥4

FEORGT A AR D COMFDCR AL
A Bk alth CORMARIT B E
DEsM S E T S0IF FROFTEY OF
BRI OMPARY HARTRIET ARY
HHOOUCr Ok B PARTOE A3 8 WHaIl
WTHOUF T AT T B Ok ar
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BT AddY
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Design Description — Hub

Important

280

Features:

]
T —a
L

* Shelled arms to eliminate

UMIrss QrPrEWEr s FMCrrD -

ORIk A BT B BCRCE
rQIrEab Cri

FEsC ok sl
AbBGUIsEFwACkY  BTRD 3
Tl HACFOMCkwal 2
TEEHT HACTOMCkwaAl 3

1 FEFET G- TR
ol MesbChG A

+ea TR
081 Bluminum Aloy
rhER

OG0 BOF SCAIF DEs WG

SECTION -n tighten the nuts

SCALE 1:2

unneeded material while
maintaining integrity

* Threaded holes, so just have

e Made of 6061 Aluminum
oo \Alloy /

CHICEMD TILE:

MG WFF R

HubV3

(=13
COwmlerg-

$EE DWoG. Hd. REY

A . NORTHERN
SCALE: 1:5 WAWERZ HT: SHEET 1 % F 1 ARIZD NA

UNIVERSITY
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TEM MO PART MUMBER DESCRIPTION QrY.
ktesl pipe camber .
nk [1Dx0.035t

2 carban link steel
| E0e A5 1 41 Ball Jont Rod End

Design Description — Camber Links

Important

Features:

* Tubing made of Carbon Fiber

* Inserts made from 6061
Aluminum

* Rod Ends made from
stainless steel

« 2nd jteration of design

\_

4

NORTHERN
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Design Requirements - QFD

Project: Lumberjack Motorsports SAE Baja
System QFD Date: 9/19/23
Input areas are in vellow
Decrease weight
Increase strength] -3 .. .
Increase rearward axle path Positive Correlation
Increase linkage radii] -1 Legend H : ;
Increase ground clearance| -6 3 1 A CWRUM © Veh!cle Wldth & Imkage
Vehicle width| 1 3 & 2 B | RIOT Baja radii
Decrease CV axle angle 3 2 1 ™~ C | ETSBAJA .
Technical Requirements Customer Opinion Survey Inverse correlatlon
o _ = o Increasing ground
7] m E ] .
£ | =|z 2| = 2 . \ clearance & weight /
] = c| = =Ll = = m 3 =
= £l |5 e 5| 5 = ks
5 sl 5% | E[5.] 2| S|, B %
£ = ol 8 222l wl| 8 3 < C R t E R
g 5| 3|3 slgg| =| 2|« < g O
z E 5| 5w Glod| 5 2
Customer Requirements 5 a cle & |l E o s ]~ & = w
Tunability 2 2 3 8 7 3 2 7 1C A
Servicabilty} 2 240 A BC Strong Correlations
Reliability 5 3 9 3 2 7 A B C .
Ease of manufacturing 3 6 7 1 1 1 1 C A B O RElIabIhty & Decrease CV
. SnEE] S 9 | 913 13 113 SR axle angle, Increase
Maximum Traction 2 7 8 8 3 1 B AC
Maneuverability 4 5 1 8 | 6| 5 | 7 1 AB C Strength
Technical Requirement Units i E © LOV_V cost & decrease
s | Pl el clclc]$ weight, Increase strength
Target Requirements| 2 < - = © 2 2
Absolute Technical Importance| )| sl o7 sl 26l &l
Relative Technical Importance 2 1 3 4 7 6 5
NORTHERN
Seth | SAE Baja '24 | F23toSp24_09 | November 6th, 2023 ARIZONA
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Engineering Calculations - Lars

Rear Knuckle Bearings

Two SKF 6006 Deep Groove Ball Bearings

Outside Bearing Diameter = D = 2.165 in
Force Fit - H7/u6 = IT7 - AD = 0.0012 in
Doy =D +AD =2.165in+ 0.0012 in = 2.1662 in

Dpin =D =2.165 in

NORTHERN

ARIZONA
UNIVERSITY
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Engineering Calculations - Seth

von Mises (psi)

6.514e+03

_ 5.864e+03
_ 5.214e+03
. 4564e+03
. 3.915e+03
_ 3.265e+03
. 2.615e+03

_ 1.965e+03

1.316e +03
6.658e +02
1.604e +01

— Yield strength: 7.999% +03

Seth | SAE Baja'24 | F23toSp24_09 | November 6th, 2023

Hub

Results
generated

from
SolidWorks

After performing a simple FEA
simulation on the Hub using the
SolidWorks simulation add-in, a
calculated factor of safety of
1.228 was determined at the
point highest stresses (which
were where the fixtures were
placed)

This study showed there were 2
points near the fixed points that
were having high stress.
Another iteration can be ran
eliminating more material.

NORTHERN
ARIZONA
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Engineering Calculations - Joey

Carbon Fiber Rod
1o (47215) (L}f ) ]

Assumptions and B.C.

R, = 0.31495in

Johnsons Formula = g, X A

R; = 0.2362in

L =16.13in 2p)
Lesp =LXk=1L Eulers Formula = —;

V = 2.1994 in® 2

Ags = 0.136355 in?
I, = () x (RZ + R?) = 0.010191 in*
z 2 o i .
R = 0.27338

F.rit = 1,547 Ibf > \
26,257 lbf

With an assumed minimum

gy of 11,600 psi, the minimum
F..i; is 1,547 Ibf. The
significance of this force will be

explained in the Design /

E =50,763,199.98 psi
gy, = 1,547 — 467,000 psi

= 0.0614 b
p="1 in3

m = 0.131510 b
Pinned — Pinned > k =1

Validation Slide.

NORTHERN

ARIZONA
UNIVERSITY

If S < St use Johnsons Formula
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Part # and
Functions

Potential Failure
Mode

Potential Effect(s) of Failure

Improper Geometry,

Potential Causes and
Mechanisms of Failure

Recommended Action

Design Validation — Trailing Link

o Rod Ends

o Hardware
o Rod Ends
o Shock

Q Weld Points

J

Mitigation
o 5/8” Hardware
o Maximize welding

surface area
o Add cross members to

Rod End Impact Fatigue Suspension Binding Impact Loading 42 Use 5/8" Rod End
e Ee Abrasive Wear Improper_Geornef[ry, Poor Maintenance 42 Use 5/8" Rod End
Suspension Binding
Rod End Impact Fatigue No Longer Operational, Poor Overstressing o4 Usa 6P FEmEe
Hardware Appearance
REE| BT Impact Fracture N LI Opergtlonal, AE Impact Loading 24 Use 5/8” Hardware
Hardware Debris
Steel Tubing Impact Fatigue Erratic Operation, Poor Overstressing 8 Reinforce tubing with steel
Appearance plate
Steel Tubing Impact_ Improper_Geornej[ry, Impact Loading 8 Reinforce tubing with steel
Deformation Suspension Binding plate
Side Support Impact Fatigue No Longer Opera_tlonal, Erratic Assembly Errors 96 Maximize welding surface
Steel Plate Operation and use cross members
Side Support Impact Fracture No Longer Opergtlonal, Flying Impact Loading 9% Maximize welding surface
Steel Plate Debris and use cross members
Shock Hardware | Impact Fatigue N LEgfelr Qe e, Heor Overstressing 12 CSleE g el gt
Appearance hardware
Shock Hardware | Impact Fracture Mo lLenger Opereiemel, =i Impact Loading 12 SHEese g g

Debris

hardware

Lars | SAE Baja '24 | F23toSp24_09 |

November 6th, 2023

\ welded areas
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Design Validation — Hub/CV/Spacer/\Wheel
Mounts

Potential Causes

Potential Failure

Part # and Functions Mode Potential Effect(s) of Failure and Mechanisms RPN Recommended Action
of Failure
CV Axle End Julgeta SIS, Fels Overstressing | 0 Will not happen. o Hub spline
Fatigue performance
o CV Hardware
cV spline Slipping Loss of power transferred| Too high of 15 Ensure tight f!t for hub and o Hub
to the wheel tolerance spline o Arms
Bolts from hub - : Flying Debris/ No longer Material Choose high quality \ o Hardware )
Shearing : : 14
wheel operational selection hardware
[ [ ] [ )
. Flying debris/ No longer Choose high quality M t g t
Nuts Stripping operational Assembly error| 10 hardware I I a Ion
Arms to wheel Impact Flying debris/ No longer L'g%?:t/ - Choose high quality o Strong material selection
Deformation operational g hardware o Eliminating wiggle in the
Overstressing
. . Overstressing/ . . Spacer
Steel Hex Nut | Stripping e e Assembly | 30 CINBEEE | EUEliy o Ensure a tight fit for hub
operational hardware .
Error spllne
CV Spacer Impact Moving parts on CV/ Poor Overstressing | 24 Use steel !nstead of \
fatigue performance aluminum

Seth | SAE Baja'24 | F23toSp24_09 | November 6th, 2023




Part # and
Functions

Potential Failure
Mode

Detrimental Failure of Rear

of Failure

Recommended Action

Extensive Testing Under

Carbon Fiber tube | Impact Fracture Suspension Impact Loading 45 Different Loads
Aluminum : . : :
Composite threaded|Surface Fracture DEITE] Fa”we Bif REED Overstressing 12 Extens_lve Viesiting) Ul ey
Suspension Different Loads
Insert
Steel Tubing Impact Fatigue Bl e Ulnpitse et Impact Loading 36 Strong Welds
Performance
e o Impact
Rod End Impact Wear Uit el LN TRl Loading/Improper | 54 Proper Lubrication
Performance :
Maintenence
Black-Oxide Screws| Impact Fatigue Difficult and Unpredictive Overstressing 30 High Diameter, Small Pitch
Performance Screws
Titanium Screws Impact Fatigue Difficult and Unpredictive Overstressing 45 High Diameter, Small Pitch
Performance Screws
High Strength Glue |Surface Fracture Detrimental Failure of Rear Impact Loading 36 Extensive Testing Under

Suspension

Different Loads

Joey | SAE Baja 24 | F23toSp24_09 | November 6th, 2023

Design Validation — Camber Links

Potential Causes
Potential Effect(s) of Failure and Mechanisms

o Carbon Fiber Links
o Carbon Fiber Tube
o High Strength Glue
o Rod Ends

\_ J

Mitigation
o Testing Both Steel and CF

Rods under High Stress
o Maintenance

\_

)ﬁTHERN
~ARIZONA
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Part # and

Functions

Design Validation — Knuckle

Potential Failure

Mode

Potential Effect(s) of Failure

Erratic Operation, Poor

Potential Causes

and Mechanisms RPN

of Failure

Recommended Action

Maintain adequate amount of

o Steel Round Bar

o Welded Points
o Camber Mounts
o Trailing Link

Steel Round Bar Impact Fatigue Overstressing 42 .
Appearance support material
Steel Round Bar | Impact Fracture No Longer Opere_ltlonal, Flying Impact Loading | 42 Maintain adequate amount of
Debris support material
Camber Link ngh-_CycIe Erratic Operation, Poor Overstressing 8 Maximize welding surface
Mounts Fatigue Appearance
SEILLL LS Buckling No Longer Operz_atlonal, e Overstressing 8 Maximize welding surface
Mounts Debris
Sanmlosy Hins Impact Fatigue Mo LEgier OpErEiionsl, Aoy Overstressing 6 Choose high quality hardware
Hardware Appearance
ey L CO”QS'O“ SIEUE OIS, |2Eer Poor Maintenance| 6 Choose high quality hardware
Hardware Fatigue Appearance
CV Bearings ngh-_CycIe No Longer Opera_ltlonal, Flying Impact Loading | 24 Use overS|zqu single roller
Fatigue Debris bearings
CV Bearings Abrasive Wear Erratic Operation, Poor Poor Maintenance | 24 Use overS|zqu single roller
Appearance bearings
Trailing Link Weld | Impact Fatigue Erratic Operation, Poor Overstressing 18 Relnfor_c_e BOTIAIEE EUEE WL
Appearance additional steel plate
Trailing Link Weld | Impact Fracture A Debrls,_ N L Impact Loading | 18 Relnforp_e SOEEC EEE LT
Operational additional steel plate

Lars | SAE Baja '24 | F23toSp24_09 | November 6th, 2023

Q Hardware

J

Mitigation

o Don’t cut away too much
material
o Reinforce weld points

o Choose corrosive
resistant hardware

NORTHERN

A



Design Validation — Testing
Procedure

Trailing Link
* The welded trailing links will be placed in a jig with a hydraulic press applying vertical
force to test for deflection and failure along the link.

 Strain gauges will be used during this testing.

CV End Spacing

* The CV spacing was tested by prototyping the system as it currently stands. This will
reinforce the teams’ design concept and find areas the team has not thought about
entirely.

Camber Links

* A CF camber link tube will be placed in a jig with a hydraulic press applying a baseline
force of 1,547 Ibf.

* More realistic testing with the link installed will be carried out through ‘crash testing’
to mimic what the link will undergo at the track.

NORTHERN

ARIZONA
UNIVERSITY
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1 Vehicle Expenses

2 Spare Parts
Competition
3 Expenses

Front Sub-team

4 Contingency (5%)

Rear End Budget

Suspension System S$410
Drive System $850
Prototyping S50

Estimated Total $1310

Camber links, rode ends, cv axles,

hubs Sel
Reglstra'tlon, travel (hotel rooms, §1.125
vehicle rentals, gas, etc.)
Unpredicted Expenses $138

Total $2893

Lars | SAE Baja '24 | F23toSp24_09 | November 6th, 2023

No Expenses Accumulated

All prototyping used
existing shop materials
or was cheap enough
to be personally

\ funded/fabricated! /

NORTHERN
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Drivetrain Team

Henry Van Zuyle, Donovan Parker, Ryan
Fitzpatrick, Jarett Berger

NORTHERN

ARIZONA
UNIVERSITY




Design Description - ECVT

4

backplate

o
IIL%Y.I FART MUMBER CESCRIPTION ary
cvt ccombined
1 oo ca 18 1
3 20230924 ovt 1

20231003 control

3 |motor mount 1
plate
20231003 control
4 motor mount 1
B standoffs
20231003 lead
5 screw bearing 1
mount
- One-Piece Steel
¢ S0715K1T1 Thrust Ball Bearing 1
+ 20231005 maotor 1
’ mouni plote
8 |M-343x 1
20231005 ecvt o
9 control pulley Mileife) 1
10 [20281005 ecvt 1
control pulley
20231005 nut =
Ui flange forks =
Threaded Black:
12 1440711 Oxide Steel Track | 3

Roller. Flart

3 square plate

Henry Van Zuyle | SAE Baja '24 | F23toSp24_09 | November

6th, 2023

TTLE:

SOF DWW, MO,

BEV

Bcvt motor ass

SCALE 1:12 WEIGHT:

1

SHEET 1 OF 1

NORTHERN
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Design Description - ECVT

4

ITEM NO

PART NUMBER

DESCRIPTION

20230905 primary
sheaft

20230705 ecvi tixed
primary sheave

20230905 ecvi
mabile primary
she:ave

20230913 primary
square bushing

20330913 primary
sliding shaft

20230914 lead
screw nut flange

202307914 lead
screw nut

6656K236

Ultra-Thin Ball Bearing

20230914 lead

screw

Ball Becring

ng sheave
bushing

TILE:

QOiIKEBO:?]NJ, primory?EE:ISS

SCALE: 118 WEIGHT:

1

SHEET 1 OF 1

Henry Van Zuyle | SAE Baja '24 | F23toSp24 09 |

NORTHERN
ARIZONA

UNIVERSITY

November
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esign Description - ECVT

4 3 2 1

ITEM NO. PART NUMBER DESCRIPTION QY.

1 20230912 1
secondary shaft

20230906
secondary fived 1
sheave

20230906
2 secondary moving 1
sheave

R

20230911 gaged
4 style secondary 1

B cam
5 |1esomn

20230912
secondary cam nui

Threaded Black-Oxide Steel 3
Track Roller. Flat

.......

202:339;"f52r|§écondo;k§ ass

SCALE. 18 WEIGHT: SHEET 10F |

1

NORTHERN
ARIZONA

UNIVERSITY
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esign Description

2

PROPRIETARY AND CONFIDENTIAL

THE INFORMATION
DRAWING IS THE SO

o W PART OR AS A WHOLE o :
T THE WRITTEN PERMISSION OF NEXT ASSY WEDER
<INSERT COMPANY NAME HERE> IS

PROHIBITED. APPLICATION

2

Donovan | SAE Baja '24 | F23toSp24 09 | November 6th,

UNLESS OTHERWISE SPECIFIED:

DIMENSIONS ARE IN INCHES
TOLERANCES:

FRACTIONAL %

ANGULAR: MACHs  BEND ¢
TWO PLACE DECIMAL 3
THREE PLACE DECIMAL #

INTERPRET GE
TOLERANCING PER:

MATERIAL

FINISH

DO NOT SCALE DRAWING

NAME
DRAWN
CHECKED
ENG APPR.
MFG APPR.
QA

COMMENTS!

2023

DATE

TITLE:

SIZE DWG. NO.

Oftikcial Pulley De5|gn

SCALE: 1:2 WEIGHT:

1

SHEET 1 OF 1

NORTHERN

ARIZONA
UNIVERSITY



Design Description

1

=
UNLESS OTHERWISE SPECIFIED: NAME DATE
A DIMENSIONS ARE IN INCHES DRAWN A
TOLERANCES:
CHECKED TITLE:
MACH2  BEND 2
S APPR.
LACE DECIMAL ¢ ENG APPR
MFG APPR
INTERPRET GEOMETRIC QA
PROPRIETARY AND CONFIDENTIAL TOLERANCING PER:
© COMMENTS:
THE INFORMATION CONTAINED IN THIS MATERIAL SIZE  DWG. NO.

THE SOLE PROPERTY OF

WITHOUT THE 4:FJrEE‘:i§.~EE{EN\?LL[ LERL L En e O ffl(m | P U ”e y D es I g n 4 5
SEIOP] NORTHERN

P;g‘r‘\;_':[':\.y.rw HAMERERE 5 APPLICATION DO NOT SCALE DRAWING SCALE: 1:2 WEIGHT:
2 1 ARIZONA
UNIVERSITY
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Design Description

e

(1]

UNLESS OTHERWISE SPECIFIED: NAME | DATE
A JIMENSIONS ARE IN INCHES DRAWN A
TOLERANCI 5
FRACTIONAL S CHECKED TITLE:
ANGULAR -
e ENG APPR.
THREE PLAC MFG APPR
INTERPRET GEOMETRIC QA
PROPRIETARY AND CONFIDENTIAL Ol CING
SLERANCING PR fp—
[ SIZE DWG. NO. REV
.
th Spiral Ja
NEXT ASSY USED ON 3 AO O I r
APPLICATION DO NOT SCALE DRAWING SCALE: 1:2 WEIGHT: SHEET 1 OF 1

9 1 , NORTHERN
ARIZONA

Donovan | SAE Baja '24 | F23toSp24 09 | November 6th, UNIVERSITY
2023



D
wn

gn Descr!

i)
(e

0

PROPRIETARY AND CONFIDENTIAL

1

UNLESS OTHERWISE SPECIFIED: NAME DATE

DRAWN

CHECKED TITLE:
ENG APPR

MFG APPR

QA

COMMENTS:

SIZE DWG. NO.

AClutch Shaft

APPLICATION DO NOT SCALE DRAWNG SCALE: 1:1 WEIGHT:

1

REV

SHEET 1 OF 1

Donovan | SAE Baja '24 | F23toSp24 09 | November 6th,
2023
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Design Description — CV Cu

Z ]

225

@0 54
0.15

+
Pl 74
D245

]
™
L]
Uk IF 33 GFBFEWER S PECIMD - Moe | W
H‘Eﬂ 0kl 5I0KS AET B BCRT 0 Ex Wk
G . L
FEsCAGhkal | L] TILE:
ABGULAE walk | BTRD |
"W FLACFOMCkeal | ThG aFFF U
TUET FIsCPOMC sl B = £
P TRFT GG TR o
FEOFHERA B AR D CORND DAL T MRk G HE
T BT Cbw ANk CORTARIT b TG = Caww MR
» i T
SEE DWG. HO REW
kWG b M 301 FRROFETY of - -
BETE CORPARY bl HETY ARY e A ZOEIOEE o nr o cup | _Hnal
EFEOOUCIOR B FAR OFAS & WHIID
WFLILF THE W Th P Ed ok O CUER"CEFRT (Hm &2
MSTE CORPARY bl WE B
FEOREFTD A FH IS aNTh D BGOF S0 0T Dl WG SGOLE: 12 WWYEIG HT:

SHEET1%F1 NDRTHERN

2 ] ~ ARIZONA
UNIVERSITY
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1
| 2
3
4
| &
3
7

DWW DD N -

—
=

UL SETTS ST YT

top speed
drivetrain efficiency
torque to the wheels 6 Legend
servioe life A Cornell 2022
total system weight [wout engine) 3 B MNAU 2021 #21
total transmission range 6 C  NAU2023 #74
teets HROE Guard specifications -3 =
Technical Requirements Customer Opinion Survey
= &
. £
HIE
gl 2 =
= > e
- 2| i B s % &
v ] s E E w ]
= £33 2 £ = o I
b - : 1 g S o o - %
P o = ] = § c - 5 53 po]
S a [ @ i o G
s o @ o o - [} a ~ <
: ¥ Bl 2| =| 5| £ 3
3 o = @ 8 s @
Customer Needs Q =2 S 8 o) = = =] - S o) s o
fast 5 9 6 6 3 6 6 1 C B A
High effeciency 3 g 3 6 3 3 & 3 C B B3
fast acceleration 5 3 8 9 3 3 9 1 C B A
durable 1 1 6 1 9 1 4 9 AC B
can crawl and go fast 4 9 6 9 3 3 9 1 C B a8
NEEDS TO BE SAFE 5 1 1 1 3 1 1 9 C B A,
Aesthetically Pleasing 3 9 1 9 3 3 9 3 C A B
= @
H H H < vt
Technical Requirement Units = H 3 g .| = <
- i e A [ | B
= = a
Technical Requirement Targets = 3| «
gl gl 8§ 8| 8| 5| 3
Absolute Technical Importance § ?3 g § _&_‘ § 2
Relative Technical Importance — o - - o o -

Ryan | SAE Baja '24 | F23toSp24_09 | November 6th, 2023

Design Requirements - QFD

Positive Correlation

o Drivetrain efficiency &
Torque to the wheels

Inverse Correlation

o Total system weight &

\ service life /

Strong Correlations
o High efficiency

o Fast acceleration
o Safety

\_

NORTHERN
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Engineering Calculations - Henry

/0—

wvon Mises (ksi)

o Conducted FEA on Fixh

[ Secondary Sheave
k. o Lasts 1079 cycles at
L Results given stress
C oo
o from
MR SolidWorks

/

NORTHERN

ARIZONA
UNIVERSITY
Henry Van Zuyle | SAE Baja '24 | F23toSp24_09 | November
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Shaft A Shear Force Diagram Total

1500
— 1000
=]
Y
2
o
w
]
@
=
@ 500+

ok
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Paosition on Shaft (ft)
. Shaft B Bending Moment Diagram Total
\
N\
— AN
=
o 100} "
2 AN
) ~
£ Y
o N
= N
2 \
k=] AN
g 50 \
o A
N\
\
M,
\
\.
/ N
0 . . . . .
0 0.05 0.1 0.15 0.2 0.25 0.3

Position on Shaft (ft)

Command Window

max shear shaftB =

1.4440e+03

max_bending shaftB =

145.44594

max bending location B =

0.1478

Torgue shaftB =

1.3725e+03

fos B =
1.0429

Jx>>

Ryan F | SAE Baja '24 | F23toSp24_09 | November 6th, 2023

Results
generated

from
MATLAB

Engineering Calculations - Ryan

Constructed a MATLAB
script to calculate and
plot shear and bending
moments on each shaft.
FOS,A =1.0921

FOS,B = 1.0429

Getting the FOS for each
shaft critical location as
close to 1 as possible
minimizes material and
decreases weight.

NORTHERN

ARIZONA
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Engineering Calculations — Jarett

CV Cup
o Conducted FEA on inrh

von Mises (N/mA2)

. 2.147e+05
ke groove for ball bearings
= (HlEer0s o Factor of Safety of
_ 1.504e+05 RESUltS 61.5941
 1.289€+05 generated o) Dgcrease the wall |
L 107ser0s thickness to save weight
| from
. 8.603e+04 .
SolidWorks
_ 6.458e+04
4.314e+04
2.169e+04
2.484e+02

4

—P Yield strength: 4.600e+08

NORTHERN

ARIZONA
UNIVERSITY
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Donovan

Engineering Calculations -

1 "p" =0.314961in 0.314961in
2 "PD" = 3.14961in 3.149610in
3 "n" = ("PD" *pi)/"p" 31.415927in
4 "d" = 3in 3.000000in
5 "w" = 0.7874in 0.787400in
6 "D1@Sketch1" ="d" 3in
7 "D1@Boss-Extrude1” ="w" 0.7874in
8 "D1@Sketch3" ="d" 3in
9 "D1@Sketch7" ="d" 3in
Design Table for: Official Pulley Design
8
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@]
®
)
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o <
3 ol - 2
2 c c =
= o o < X
— 1> ~ [T} ]
] i < £ B > o
[3] ! Q m (O N
= n = S >~
O @ 3] | = >
4 (=] e~ = .E g o
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® ® ® 8 © s g
— — — o o o
la) =) [a) a o A w®
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S v n o0
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z < - h
Cuw %o
= = Lo
= AT VT
[©] = = Touw
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Q
wn
v ®
n
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) <z o
= (SR o
a 2o 2o
< F gV I
c ~ 9 UV o o
— 00 n o O+ &H
n| n ™~ ~ o © o84 ¢
< o N N < A< ©

Results
generated

from
SolidWorks

Takes belt pitch to
generate a pulley tooth
number to match belt
specifications.
Equations and Table
work in tandem to for
both configuration
designs.

Donovan | SAE Baja '24 | F23toSp24 09 | November 6th,

2023
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Part #
and Functions

Potential
Failure Mode

Potential Effect(s) of
Failure

Potential Causes
and Mechanisms of
Failure

RPN

Design Validation - ECVT

Recommended Action

ensure computation module

Electronics housing is sealed to debris,
Computation Incorrect Control Signals, | Debris ingress, mount mount housing with
Module Physical damage to | damage to CVT primary | failure, vibration fatigue vibration dampening
computers sheaves due to overtravel of connections 84 mounts
Ensure tight cable
Electronics Erratic CVT movement, | Extreme vibration, high connections, route high
Motion Module Encoder loss of damage to CVT primary | electrical interference, amperage wires away from
position sheaves due to overtravel | lose cable connections | 112 signal wires
Lack of maintenance and Change main shaft to steel,
Primary Sheave Loss of power transmission,| inspection, higher than properly inspect
Assembly Main Shaft fatigue | damage to control motor, | anticipated loads, wear components for wear and
failure damage to belt from debris 30 replace within service life
Reduced max torque Poor structural design,
Secondary transfer, increased belt repeated high rom CVT Inspect secondary moving
Sheave Assembly [Fatigue failure of  temperature leading to belt [engagements from sheave before use, replace
cam followers failure stopped 30 |within service life
Massive crash, fatigue
Support stress build over time
Structure catastrophic system failure, |leading to weakened
Impact failure damage to all components [structure 20 |Don't crash

Failures

Computation errors cause
erratic motor movement and
component damage

Physical fatigue failure of
components

Thoroughly debug code and
harden computation electronics
against environmental factors
Replace components before
service life is reached, design
components to last duration of
testing and competition

Henry Van Zuyle | SAE Baja '24 | F23toSp24_09 | November

6th, 2023




Part #
and Functions

Potential
Failure Mode

Fatigue Failure,

Potential Effect(s) of
Failure

Design Validation

Potential Causes
and Mechanisms of
Failure

— Rear Gearbox

Recommended Action

SIEE Component Brake Failure Brak_e e sevc_ared % 40 Protect brake components
Components . terrain, excessive use
Destruction
Gearbox Seals Fatigue Transmission Fluid Leak Overheatlng thg 96 B seg]s LT a h'gh. SO
gearbox, bearing failure to mitigate failure risk
Shaft Bearings High-Cycle Failure Bear!ng_ Ll I_ncreased Cycle exceed design life 168 | Use oversized ball bearings
Friction Resistance
Contact Stresses, veen Wgar/Strlplng, Higher Materialifalitire dge © Use heat treated 4140 steel
Gears : . Inefficiency, Failure to overuse, overheating, or 40 .
Fatigue Failure . for optimal strength
Transmit Torque unforeseen stress
Input Shaft Fatigue Failure Material Yielding Unf_oreseen gtresges 20 s et treated A B
causing material failure for optimal strength
Intermediate Shaft Fatigue Failure Material Yielding Unfpreseen sftress_,es 60 e treated AL sl
causing material failure for optimal strength
Output Gear with Fatique Failure C:;g?hpf;?&i;e d%reg; ar Use heat treated 4140 steel
Integrated CV 9 Material Yielding 20 for optimal strength and

Cups

overuse or unforeseen
stresses

employ a high FOS
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Fatigue Failure in gears,
shafts, or CV cups.
Exceeding life rating on
bearings and seals.

Use heat treated 4140
Steel for higher material
strength.

Use high life gearbox
components.
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Part #

and Functions

Design Validation — Front Gearbox

Potential
Failure Mode

Potential Effect(s) of
Failure

Erratic Operation, Poor

Potential Causes

and Mechanisms of

Failure

Impact Loading,

RPN

Recommended Action

Increase material wall

CVCup ACEIPGA Appearance Overstressing e thickness
High-Cycle No Longer Operational, Impact Loading, :
Sprag Fatigue Flying Debris Overstressing e CiE? @B SEIEE) ElLie
Gear Bearings ngh—_CycIe NE Longer Opere_monal, lnfFELel Load_lng, 45 Use oversized ball bearings
Fatigue Flying Debris Overstressing
Output Gear Contact Fatigue Erratic Operatllon, Flying Overstressing 60 Increase hardness by heat
Debris treatment
Input Gear Contact Fatigue Erratic Operatllon, Flying Overstressing 60 Increase hardness by heat
Debris treatment
Output Shaft ngh-'CycIe No Longer Opere_ttlonal, Assembly Er_rors, 30 Increase hardness by heat
Fatigue Flying Debris Overstressing treatment
High-Cycle No Longer Operational, Assembly Errors, Increase hardness by heat
Input Shaft . . : . 30
Fatigue Flying Debris Overstressing treatment
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o CV cup fails due to
overstressing

o Fatigue failure for

output/input gears

J

Mitigation
o Heat treatment

o Material selection
o Use oversized

\ bearings
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Part #
and Functions

Driving Clutch

Design Validation

Potential
Failure Mode

Material Failure

Potential Effect(s) of
Failure

Non-Operational

Potential Causes
and Mechanisms of
Failure

Tooth Shearing

- 4 \Wheel Drive

40

Recommended Action

Engage while off the
throttle

Driven Clutch

Material Failure

Non-Operational

Tooth Shearing

10

Engage while off the
throttle

Rear End Pulley

High Force Failure

Non-use of 4 Wheel Drive

Driving side clutch warps
material

30

Engage while off the
throttle

Front End Pulley

Load Failure

Non-use of 4 Wheel Drive

Belt load moves Circlip

120

Use heavy duty clip

Timing Belt

High-Cycle Failure

Non-use of 4 Wheel Drive

Exceed Tension Rating

24

Tension to specifications

Rear End Shaft

Fatigue Failure

Clutch will not be able to
engage

Assembly Error

Lock down all non-moving
parts

Shaft Bearing

High-Cycle Failure

Bearing Lock, Increased
Friction Resistance

Cycle exceed design life

168

Use oversized ball bearings

\_

o High Force and
Load Failure
o Cease 4WD use

J

Donovan | SAE Baja '24 | F23toSp24 09 | November 6th,
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\_

Mitigation

o Limit unnecessary

force on clutch
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Drivetrain Budget
|| Coesoy | Relewntiems | Approsimated Cost

Motor $900
Front Gearbox S794
. Rear Gearbox $1,018.55
1 Vehicle Expenses ECVT $2 310
4WD $1,336.57
Estimated Total $6,359.12
2 Spare Parts Gears, CV Axles, Hardware S500
el il Registration, travel (hotel rooms,
3 Expenses vehicle rentals, gas, etc.) s
Drivetrain Sub-team o 13225 (S
4 Contingency (5%) Unpredicted Expenses S300
Total $8,284.12
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No Expenses Accumulated

All prototyping used
existing shop materials
or was cheap enough
to be personally

\ funded/fabricated! /
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Frame Team

Cooper Williams, Gabriel Rabanal, Antonio Sagaral
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Design Description

Sub System Note:

ITEM NO.

PART NUMBER

Frame

Gas Bracket

Flange general

seat mount slotted

1
2
3
4
5

rear lower camber
link tab

rear shock frame
mount tab
passenger

rear shock frame
mount tab driver

frailing arm frame
fab

frailing arm frame
lab passenger

TY.
Q1 * Frame design team has different
= specifications for sub systems
1 * Mounting Tabs
2 » Side Paneling
1 * Firewall
] * Driver Safety Equipment
1 * Many of these systems will be
1 integrated later in the design stage
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TILE:

SIEEE DWG. NG,

Frame k

Subassembly

REY

A  Assem| Drawing NORTHERN

SCALE: 1:50 WEIGHT.
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Design Requirements

Project:Baja 24 Frame
System QFD Date:[9/14/23
1 Decrease weight
2 Decrease length of body 6 Legend
3 Decrease width of body 3 A ETS Baja
ecrease Cos 9] 3 3 SAE B ing ey .
: Increase stIrDengthoffr(a:\met 6 6 -3 (BZ Cornelleg\allfarlr?a:(l:?nq POSItlve CorrEIatlon
Technical Requirements Customer Opinion Survey O Decreased Length/W|dth &
Increased Strength
Inverse Correlation
) o Decreased weight &
S 5
. I \ Decreased cost /
RV CRto ER
: 1B 1B IRiIEIK: < @
Customer Needs 3 a a a a <_CJ — N ) <t To) o
1 Rigid 3 1|6 3|3]o9 ABC
2 Easy to Manufacture 3 3 3 1 3 3 B AC M H
; oo 25 s o 13 Positive Correlation
. e SEEERERE TR o Decreased Width/Length &
6 Satisfy SAE Baja Frame Guidlines 4 3 1 6 3 6 ABC ope
: Siabe] 3 T o 3]s < e Maneuverability
8 Fast 3 6 3 3 6 3 BC A
5 Lghweigh| 4 o 63|96 ABC o Increased Strength &
10 Affordable 3 9 6 3 9 6 ABC .
Durability
Technical Requirement Units £ .
glelelals Inverse Correlation
Technical Requirement Targets ol 3| . § % o) Decreased Weight & NORTHERN
Absolute Technical Importance § g g' § E HH A R I Z D NA
Relative Technical Importance| o ) < N — Affo rd a b I I Ity I—I N IV E R S ITY
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Design Requirements - ERS

Parameter Target Curr.e nt Acceptable?
Design
Lightweight Decrease Weight Roll Cage Weight 60 Ibs 56 Ibs \/
Maneuverable Decrease Body Length Wheelbase <64” 62.8” \/
Stable Decrease Body Width Suspension Tab Width <9” 8” \/
Affordable Decrease Cost Cost $800 $496 v
Durable Increase Frame Strength Bending Strength 3.513 klb*in 4.301 klb*in \/

NORTHERN
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Engineering Calculations-Cooper

Side Impact Member Deflection

Governing Equations: Assumptions:
Fhy Simply Supported Relevant Values:
Yap = — (x? + b% — 1?) Beam with an D=1.00in
6Ell Intermediate Load d=0.93in
Fa(l - x) azil’bzil L1=22.977in
YBc = W(xz + aZ — Zl.X') x = 0.5 22 i 1[2'-(5)32 !n
F = 300 Ibf 3= Aousin
T 0 E = 29000 kpsi
Iy=1x=a(D —d™)
_ Maximum Deflection
E ; " per Member
i TR 8,  0.0212in
| B C

M : 5,  0.0030in
IJ-1"‘| R:

83 0.0053in

NORTHERN

ARIZONA
UNIVERSITY

Cooper | SAE Baja'24 | F23toSp24_09 | November 6th,
2023



Engineering Calculations - Antonio

Front Shock Support Member

Fb(BLE 4b2 Necessary values
max 48EI F = 525 Ibf

n 11 in
|=—(D*—d* -
64( ) b=3in

E = 29,000 ksi

[=10.0426

L=13.61n

t\ : /»i c 80 = 0.0236in
R, R,

Antonio | SAE Baja '24 | F23toSp24 09 | November 6th,
2023
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ngineering Calculations - Gabe

Rear Shock Mount Tab

von Mises (N/m*2)

URES (mm)
6,649 +07 :
l 5.086e +07 l I AssumptlonS:
| 5.322¢ 407 L F =550 Ibf applied
4,658e.+07 S evenly through
[ _ B572e-03 )
309507 734; N mounting hardware
N e H, 6.123¢-03

- 2.667e+07 _ 4.898e-03

. 2.003e+07

1.340e +07
6.760e +06
1.227e+05

—p Yield strength: 4.600e +08

_ 3.674e-03

2.44%-03
1.225e-03
1.000e-30

Von Mises Stress Analysis Displacement Analysis

Results:
Minimum factor of safety in part of 18 shows extreme safety in tab design.

Assuming proper manufacturing of tab, failure would likely occur due to incorrect 7 NORTHERN

assembly in the welding stage. ﬁ"\lﬁ\l/%ggrﬂ_ré
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Part #
and Functions

Potential
Failure Mode

Impact Fracture,

Potential Effect(s) of Failure

No Longer Operational, Poor

Potential Causes
and Mechanisms of
Failure

Assembly Errors, Impact

Recommended Action

Design Validation-Members

Failures

o Welded Points

\_

o High Stress Geometry

Mitigation

o Certify Welders

installation

o Verify Weld integrity after

o Increase Material Thickness

Impact Wear

Operational, Uncomfortable

Impact Loading

Bumper Impact Deformation, Loading, Manufacturing 18 Ensure Proper Assembly
. Appearance
Impact Fatigue Defect
Roll Hoo Impact Fracture, Assembly Errors, Impact
Overheag Impact Deformation, | No Longer Operational, Poor Loading, Manufacturing 10 Ensure Proper Assembly
Impact Fatigue Appearance Defect
Members
Impact Fracture, Assembly Errors, Impact Ensure Proper Assembly,
Side Impact Impact Deformation, | No Longer Operational, Poor Loading, Manufacturing 10 Optimize Supportive
Members Impact Fatigue Appearance Defect Geometry
Impact Fracture, Assembly Errors, Impact Ensure Proper Assembl
Impact Deformation, | No Longer Operational, Poor Loading, Manufacturing - P Oy,
Seat Mount . 16 Limit Impact Opportunities
Impact Fatigue Appearance Defect
: Impact Deformation, Assembly S0, Impact Ensure Proper Assembly,
ST Impact Fatigue Erratic Operation HeEtelig, WEUEEITITE, 12 Optimize Geometr
Column Mount P 9 P Defect P y
Seat Impact Fracture, Safety Hazard, No Longer Manufacturing Defect, 24 Thicken material, Avoid High

Stress Geometry

Cooper | SAE Baja '24 | F23toSp24_09 | November 6th,

2023
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Part #
and Functions

Potential
Failure Mode

Potential Effect(s) of
Failure

Impact Fatigue, Poor Handling, No

Potential Causes
and Mechanisms of
Failure

RPN

Recommended Action

Ensure Proper

Rear Shock Tab Impact We_ar, Longer Operational, Poor lEelise: Asse_mbly, 64 Assembly, Use Thicker
Surface Fatigue Overstressing .
Appearance Material
Wear
ITrEa;L::\?\%gal:e’ Poor Handling, No Incorrect Assembly, Ensure Proper
Trailing Link Tab P . Longer Operational, Poor Overstressing 56 Assembly, Use Thicker
Surface Fatigue :
Appearance Material
Wear
Impact Fatigue, Poor Handling, No Incorrect Assembly, Ensure Proper
Upper Camber Impact Wear, . . .
) . Longer Operational, Poor Overstressing 32 Assembly, Use Thicker
Link Tab Surface Fatigue :
Appearance Material
Wear
Impact Fatigue, Poor Handling, No Incorrect Assembly, Ensure Proper
Lowe Camber Impact Wear, . . .
: . Longer Operational, Poor Overstressing, 32 Assembly, Use Thicker
Link Tab Surface Fatigue . :
Appearance Impact Loading Material
Wear
RPN Note:

could be hazardous

High RPN values for shock and trailing link tabs are due primarily to high values of
severity and detection. Failure at this point in the vehicle is highly unlikely but

Gabe | SAE Baja'24 | F23toSp24 09 | November 6th, 2023

Design Validation-
Rear Shock Mounts

o Welded Points
o Tab Mount Locations
o Mounting Hardware

Mitigation
o Certify Welders
o Verify Welds after
installation

o Increase Material
\ Thickness
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Part #
and Functions

Front Shock Tab

Design Validation-

Front Shock Mounts

Potential
Failure Mode

Impact Fatigue,
Loop around bolt

Potential Effect(s) of Failure

Non-functional Vehicle,

Potential Causes
and Mechanisms of
Failure

Poor welds,

Recommended Action

Verify Welds,

around bolt Failing,
Deformation

Poor handling

Incorrect placement

e Incorrect front geometry 45 Ensure proper placement
Failing, . Incorrect placement :
. Poor handling before final welds occur
Deformation
: Verify Welds,
Impact Fatigue, . .
Non-functional Vehicle, Ensure proper
Loop around Poor welds, :
UCA Tabs . Incorrect front geometry 30 placement before final welds
bolt Failing, handli Incorrect placement
Deformation ANl . _oceur,
In line with other UCA tab
. Verify Welds,
Impact Fatigue, . .
Loo Non-functional Vehicle, Poor welds Ensure
LCA Tabs b Incorrect front geometry ’ 30 proper placement before

final welds occur,
In line with other UCA tab

NORTHERN

ARIZONA
UNIVERSITY
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Schedule
Task __|bat |

Secondary Member Material Allocation* 11/12/2023*
- Supplier in Phoenix

Jig Production: 11/13/2023
-Determine jigging system and effective production

method

Prototype Demo and Updates: 11/17/2023

-Marking SAE BAJA Rule violations, Comparing to
current frame

Final CAD and BOM 11/24/23

Tacked Frame 11/30/2023
- Measure members

-Member lengths and angles to fit jig and match CAD

model

- Verify validity of frame

-Tack weld primary members

-Tack weld secondary members

UNIVERSITY
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Frame Budget
|| Catogory | Rolovanttoms | Approximate Cost_

1 Vehicle Expenses

_ I
Safety Equipment $46
Hardware $50
Estimated Total $496
2 Spare Parts Welding supplies, Hardware, $200
Tab Materials, Tubing
3 Competition Registration, travel $1,125
Expenses (hotel rooms, vehicle
Frame Sub-team rentals, gas, etc.)
4 Contingency (5%) Unpredicted Expenses
Total

NORTHERN

ARIZONA
UNIVERSITY
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Updated CAD — Whole Car
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[1]

2]

“Using high strength bolts for structural bolting,”
The Federal Group USA,
https://www.tfgusa.com/high-strength-bolts-for-
structural-
bolting/#:~:text=A%20grade%208%20bolt%20is,t0%
20the%20SAE%20grade%205. (accessed Oct. 31,
2023).

diblazing (Mechanical) et al., “Find shear strength
from tensile strength,” Engineering forums for
professionals, https://www.eng-
tips.com/viewthread.cfm?qid=69837#:~:text=A%20rul
e%200f%20thumb%20for%20engineering%20alloys%
20is%20ultimate%20shear,can%20range%20up%20to
%20~%200.8. (accessed Oct. 31, 2023).
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