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Developlng a Composﬂe EV Formula
Student Race Car s 5 Lo




Coltrane Kamikura - Structures Lead

. Degree(s)
- BSc Mechanical Engineering from
Rutgers (2024)

- MSc Motorsports Engineering from Oxford
Brookes (2025)

. EXxperience(s)
o Jobs
« 2023 SpaceX Starship Intern
« 2024 ASG Programming
Engineering Intern
- FS/FSAE
. 2020 Rutgers Powertrain Member
« 2021-2024 Rutgers Chassis Lead
. 2024 Rutgers Design Lead
. 2025 Oxford Brookes Racing
Structures Lead

SpaceX Starship and
OBR25 Chassis, 25%
lighter than OBR24. 2 .



Sean Mitchell - 1st Year Structures Member

. Degree:
MEng Motorsport Engineering
(2029)

. EXperiences:
2023-2024 Promess
Incorporated: Final Assembly
Intern
2024-Present OBR: Structures
Member

.I » .

Laminating the 2025 chassis.
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Samuel Mussett — 3rd Year Structures Member

. Degree(s)
- Beng Mechanical Engineering (Graduating Sep 25')

. EXxperience(s)

- Jobs
. Alpine F1 Structures Intern
o IESESAlE

. OBR22 Manufacturing Lead

. OBR23 Suspension Lead

. Technical Scrutineer at FSUK & FSCZ 24
while on placement

. OBR25 S1 Chief Mechanical Engineer

Nng photo with department!

Placement leavi



What is Formula Student??

. Formula Student is an

International

engineering .

competition where SIS SO T

students from over — e

800 universities | R BT

design, build, and
compete in formula
style vehicles.

. Electric, Internal
Combustion,
Driverless, and Hybrid
classes!

Formula Student Germany



Who is Oxford Brookes Racing? 4

Oxford Brookes Racing (OBR) is Oxford Brookes' Formula Student team. The team is highly
International and consists of 500+ students (both PG and UG) from over 25 different
countries. We are located in the heart of motorsport valley and have the highest number of
graduates employed in F1 teams out of any university in the UK.

Team Lead

Prescott Campbell

Electrical Integration

Charlie Ashton

Vehicle Controls

Kaci Wagner

Formula Student Austria 2019

2025 Team Structure



Who is Oxford Brookes Racing? 4

Starting in 2019 entering concept, we began the transition from ICE to EV, due to the
INCreased points scored at competition per GBP spent. Backing by the universities interest In
EV powertrains and battery cell research aided In the switch.

Our 2025 competitor is a 4WD 80 kW electric vehicle with a full carbon tub, in-hub epicyclic
gearboxes, torque vectoring, a 546V battery pack, and much more.

2024 FSUK Competition Team



MISSION STATEMENT

/|

To develop able to excel Iin a

To build a as a competitive, high-
quality team.



Team Goals

. Towin FSUK

2. Top 10 Finish at FSCz

. Resolve all previous season faults

« 4x Simulated: Scrutineering Sessions
Dynamic Event Days
Static Event Days



1.

Structures Section

Brainchild of @Samuel Mussett

Developed in the summer of 2024 to bring the team
closer to industry, generating versatile graduates.

Recognised students were graduating without an
appreciation for applied structural theory in the
motorsport discipline.

Structures would analyse and report on all the CAT-A
mechanical parts on the car, composite or metallic.

Goals:
o Standardised in-depth hand analysis
o Standardised Factor of Safety targets
o Remove mass
o Bring FEA methods to students

Overall team goal to lose 10% of mass (24.8 kg) for 2025

2025 rectangular front hoop, Cranfield impact testing, and torsional
simulation.



2. Read the Regulations

. Three of our biggest rules:

O

If an asymmetrical lay-up is used in the
primary structure, the thinner skin must
have a thickness of at least 40 % of the
thicker skin or 1 mm whichever is lower.
[T3.4.4]

For any laminate in the primary structure
and/or the TSAC, the maximum weight
content of parallel fibres, relative to the
weight of all fibres in the laminate, is 50 %.
All fibres laid within any orientation +/-10°
count as parallel in this case. [T3.4.3]

(During shear test) [...] If an asymmetrical
lay-up Is used, the thinner skin must face
the punch. [T3.5.10]

T Fre weigm(gem
| FibreDirection | o Jso|ess|es| - | . ]
DR 75 7as[eooesoo| 2670 [EERamss
D FeHs | 250 o fsres|i2s| 00 e2s | sss0 |
D FHB | 2e0 | o firesfi72s] 0 e2s | a4 |
L siswe  0 s20 [0 f3m2sf3arzs| 0 0es | 4048 |
D SISH 0 20 | o far2sates] 00 qe4s | 4048 |
D sHE ] 2e0 [ o fi72s|i72s] 0 e2s | asse
L wmHBs [ 0 2s0 [ o fdr2sfi7es| 000 es | ase0 |
D ACPSWINN c20  [ooof3t2sf3tes| 00 14es 0 | 428
[ TSPSREAR | 520 |2o0f3i2s{32s| 0 1445 | 4284 |
[ ACCUMFLOOR | = o200  [ooof3t2sfates| 0 145 0 | 428 |
REARROCKERSUPPORT| 260 | o [i725[1725]  es | =~ ase0 |

Proof of fibre directions <50% and the differences in skin
thickness of the front bulkhead.




3. Plan

Design your laminate to meet

regulations and structural requirements
o Longitudinal, Horizontal Bending
o Horizontal Lozenging
e Torsion
> Multiple spring rates

Longitudinal fibres and fibres that cross
between opposite corners (e.g. FR 2> RL)
are your best bet to maximise

performance for mass.
- 45s chosen as torsional direction for
manufacturing and material usage
efficiency

Torsional rigidity goal <3% difference
In lateral load transfer % when compared
to a fully rigid structure

TRvs LT% - 350F/350R, ARB Pos. 2, 1.8G Cornering - 3% @ 2100
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Torsional rigidity vs. lateral load transfer % for

multiple spring rates.




Testometric

4. Test and Retest

« 2testsare required for all composite parts:

. 3 Point Bend
5 25 mm Shear

. Driver harness tests are completed to 15
KN+ based on regulations

. Shearisthe hardest to pass, as certain

areas need a strong and thick laminate

o Side impact areas — 7.5kN
5 Front impact area — 4kN

. Struggles with shear test led to 6082-T6
Al front bulkhead area for minimal mass

—=

Shear testing (top left), tear out testing (top right), skin
buckling (bottom left), and 3PB testing (bottom right)



o
5 o P r ove E q u Iva e n Cy T3.2.1 Table 4 shows the minimum requirements for the members of the primary structure if made

from steel tubing.

[tem or application Minimum Minimum cross Minimum area

wall thickness sectional area moment of inertia
Main and front hoops, 2.0mm 173 mm- 11320 mum
shoulder harness mounting bar

° FS U K a n d FSCZ a | IOW fo r u Se Of g eo m et ry | n [mpact structures, 1.2 mm 119 mm~ 8509 mm

front bulkhead,

stiffness calculations, with testing results roll hoop bracing.

driver’s restraint

from flat panels — allows for lighter parts harmess attachment

{except as noted above)

o M aX| m |S| ﬂg usag e Of th |S ad | |OWS fOF S|g N |ﬂCa ﬂt Front bulkhead support, 1.2 mm 91 mm-
mass red U Ctl on main hoop bracing supports

Table 4: Minimum Material Requirements
Rule T3.2.1: The steel tube equivalency that is required to meet for
each structure of the chassis

« All laminate areas must be equivalent to a
certain # of steel tubes

Front Bulkhead
. .
. Flat panel skin calculations: e ——
- - Material name fgrade — [swsl | [Swel __[rBH__ |
o Ultimate Tensile Strength Youngs Modulus, €
|
Y M d | 3 65E+0
© Oungs Odulus Yie th, welded, Pa 1.80E+0
1 3 00E+0 300E+08INA |
o Moment of Inertia
Bulkhead Width (tubes only) | 40}
Bulkhead Height (tubes only)
Nomberofuwbes |
| t
o Nserts Wallmm 4§
o Perimeter shear based on previous testing
— »
data

T5IED
55D

[ TasNA |

[ T0oE05] _T02E05] 1404
T02E70
T.02E+05] _1.02E+05] 2360
[ T0oEs05| T0oEs05] 1428
[ 69103 6oiE03 363
[ oo _6eee03] 679
[ 83E01|_ B3E-01 751]

.  With aggressive mass reduction plans,
retesting will likely be required!

740.8

u

Calculations conducted to prove
equivalency (front bulkhead)



6. Build

5 stage cure:
- Outer skin
; Core
- Inner skin + joining

. Fibres used include T800, C245T ana
M55J donated by Silverstone
Composites.

. Female mould is made of high temp
tooling carbon to try to match the CTE
between materials.

. Lack of experience laminating the

unidirectional fibres led to a 25%

longer manufacturing time.

Lamination and bagging of chassis, complete and
trimmed chassis w/ those who built it.
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7. Validation
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22.5 kg final mass exceeding our 24 kg target!

Simulation of torsional rigidity based on
Industry standards and knowledge gained

from Trimech.
- 4438 Nm/deg

Half twist method mimicked on Brookes' 4
post rig In first week of June 25

Testing, testing, testing — 200 km testing
target allows for lots of validation on all
components.

testing on track.



Other models we've been working on...



Contour Plot Contour Plot
TSAIW-Tsai-Wu failure measure(Scalar value, Max) TSAIW-Tsai-Wu failure measure(Scalar value, Max)
[ 0.545 [ 2.057

0.485 0.485

3 Point Bend Model g o

— 0.242 — 0.243

— 0.182 — 0.182
0.121 0.121
I 0.061 I 0.061
0.000 0.000
Mo Result No Result
S Max = 0.545 Max = 2.057
. Purpose:
" Min = 0.000 Min = 0.000
PART-1-1 16932 PART-1-1 16932
- Mass saving . __

- 50% (12 hr) reduction in turnaround
time for laminate design/redesign

. Loads/Constraints:

- Loaded by load applicator and
supported by support tubes as in real
world testing.

- Non-linear geometry is used to better
understand buckling, stiffness, and

. . ey
displacement before failure -

(t

1
[

AT
—
|

. Mass Saved (Chassis):
. Old Mass: 29.4 kg
- Measured New Mass: 22.5 kg (-7.1 kg)

3PB model and real—wor_ld test.



Wishbones

Purpose:
: Reduce unsprung mass

. Understand fatigued bond
capability

Loads/Constraints:

. Vehicle dynamic loads are
estimated by hand based on grip
limits and applied into the
wishbones from the contact patch

- Wishbones are rotationally free at
clevis points on chassis

Predicted Mass Saved:
: Old Mass: 2.3 kg
5 New Mass: 1.2 kg (-1.1 kg)

Contour Plot

— 5.985E+00
— 4.988E+00

1.995E+00
9.975E-01
0.000E+00
Mo Result

o0
Min = 0.000E+00
PART-1-1 264876

1: CAUsers\Coltrane Kamikura\Desktop\WishboneUpper Contact\WishboneContactUpV2inp  Contour Plot
Step-1::Increment  O:Arclength= 0.000:Frame1 TSAIW-Tsai-Wu failure measure{Scalar value, Max
Value Filter Range 0.00000 1.00000

\Users\Coltrane Kamikura\Desktop\WishboneUpper Contact\WishboneContactUpV2.inp
Step-1::Increment  O:ArclLength= 0.000:Frame1

[ 8.889E-01
7.778E-01
— 6.667E-01

— 5.556E-01
— 4.444E-M

3.333E-01
2.222E-01
1T11EM

0.000E+00
Mo Result

Max = 1.000E+00
PART-1-1 967009
Min = 0.000E+00
PART-1-1 1132327

Displacement (left), Tsai Wu index (right), and testing of bond
method for upper wishbones.



1.879+00 ste

l 1.670E+00
1.461E+00
— 1.252E+00
— 1.044E+00 — 1.127E+01

R o C k e I s Contour Plot 1: C\Users\Coltrane Kamikura\Desktop\Oxford Brookes\OBR\Front_Rocker\FrontRockerV16inp  Contour Plot rane Kamikura\Desktop\Oxford Brookes\OBR\Front_Rocker\FrontRockerV16.np
TSAIW-Tsai-Wu failure measure(Scalar value, Max) Step-1::Increment  0:Arclength= 0.000:Frame1 Displacement{Mag) Step-T::Increment  O:ArclLength= 0.000:Frame 1
Anal m

— B.340e-01 — 9.394E+00
6.262E-01 — 7.515E+00

|
. Purpose:
: Mass saving o
- Investigate composite fatigue

with student-built composites

. Loads/Constraints:
: 3G bump load is simulated
. Constrained by a fully
compressed damper (rigid)
; Non-linear geometry is used to
better understand buckling
modes

Riks Method Stiffness Study, Front Rocker, 3G Bump

60000

)

—8— Amm Baseline

—&@— 2mm Baseline

Force Input (N

—@— 1 .4X RF
A Predicted Mass Saved: —e—1XRF

; Old Mass: 510g total
: New Mass: 257g total (-253 g)

2 3 4 5

Node #40495 Displacement (mm)

Tsal Wu (left), displacement (right), and stiffness of front rockers.



Uprights and Hubs

. Purpose:
0 Remove mass
: Alter wheel mounting mechanism by

reducing parts e —
. Loads/Constraints: W
o Forces applied at contact patch et sy S ST
- Constraints applied at the chassis side of [ I o |
wishbone geometry (rigids) | i
. Simulation of load into the upright I“‘* - I
mounts including fidelity of fastener oo #
behaviour e

. Mass Saved:
: Old Mass: 864g each (upright)
5 Measured New Mass: 707g each (-157 g)

Upright and hub assembly on the car and
an FE model.




Front Wing

Aerodyvnamic Devices Stabilitv and Strength

Ié'm:,' aerodvnamic device must be able to withstand a force of 200N distnbuted over a
° p ur pOS@ minimum surface of 225 cm” and not deflect more than 10 mm in the losd carrying direction.

o N ew Front V\/| ng for th iS season Any acrodyvnamic device must be able to withstand a force of 50N apphed 1 any direction
3 - ] : at amy point and not detect more than 25 mm.
. Previous Wing on car since 2019
- Mass Saving
- Full car downforce increase
- New VD requirement for Aero Balance
Adjustment

. Loads/Constraints:
- Half Wing with asymmetric BC's
- Pushdown compliance & strength
scrutineering test
. Predicted Mass Saved:

- Old Mass: 6kg
- New Mass: 3.8kg (-2.2kg) FW Deflection without tensioner (left), with tensioner (right)




Rear Wing

. Purpose:
- Mass Saving
) Full car downforce increase
- Z-Cross Bar Integrated
: Rotation Control

. Loads/Constraints:

- Pushdown compliance & strength
scrutineering test
- Lateral G Loading

. Predicted Mass Saved:

- Old Mass: 7.3kg
- New Mass: 4.7kg (-2.6kQg)

RW Full CAD (Top), FEA Stiffness Plot (Bottom)
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Thank y6u to TJ‘_I Mech fdr' ti\_ei'r support!
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