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ABSTRACT

The ¢oal of this project is to design and develop a chassis for a Formula Student car.
The design chassis was built by carbon fiber composite. The Initial Formula Racing Team had
previously built a monocoque chassis. This project is designed to improve the schedule of the
fabric plies and the manufacturing process to archive the desired strength and weight better
than before. Previously, the team had used an 8/8 ply schedule throughout the monocoque
chassis, which had the disadvantage that some areas of the chassis had no rules to support
them. To improve ply schedule, 6/6 and 10/10 ply fabrics were used in sections supported by
the rules, while 3/3 ply fabrics were used in other areas. All designs were based on the FSAE
2022 rules and strength analysis using the ANSYS finite element method. The laminate panel
was tested using the 3-point bending method to compare the bending stiffness with that of
baseline steel, and the data from the test was collected in SES to compare the ply orientation
of each type of each part according to the rules. The torsional stiffness of the monocoque was
then analyzed using ANSYS at 3367 Nm/deg, and the monocoque was fabricated according to
the SES ply schedule and using aluminum mold to improve the ply schedule. This reduces the
number of plies and lowers the price. The finished weight of the monocoque is 14.3 kg and 27.3

kg when combined with the rear space frame.
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Performance requirement

Rule/requirement/car location Type
Property Value
Vertical Side Impact Structure Side impact zone Bending Flexural Rigidity 3 baseline steel tubes
Bending Energy absorption 2 baseline steel tubes
Puncture Minimum shear force 7.5 kN
Horizontal Side Impact Structure Floor Bending Flexural Rigidity 1 baseline steel tubes
Front Bulkhead Support Bending Flexural Rigidity 1 baseline steel tubes
Puncture Perimeter shear strenght >4 kKN
Bulkhead Bending Buckling modulus 6 baseline steel tubes
Monocoque attachments Primary structure Attachments |Maximum force =30 kN
Impact attenuator Attachments |Maximum force 8mm bolts (X4)
Dnver hamess attachments Shoulder belt Attachments |Maximum force 13 kN
Lap belts Attachments |Maximum force 13 kN
Anti-submarine belts Attachments |Maximum force 6.5 kN
Lap + anli-submarine | Attachments |Maximum force 19.5 kN

< ] i ° =i =i
M3 2.1 LLammumﬁﬂsuaaimasaLLazmmumﬁﬂmmw

a

[

Taenaniougaliladlalulasias1andnaziianad

3 v

F34.1

Minimum Requirements for Steel Tubing

A tube must meet all four minimum requirements for each Size specified:

Minimum Minimum Minimum il
y Minimum )
s Area Cross Outside Wall Example Sizes of
Moment of Sectional Diameter or Thickness Round Tube
Inertia Area Square Width
a. SizeA 11320 mm* 173 mm? 25.0 mm 2.0mm 1.0" x 0.095
25x 2.5 mm
: 4 2 1.0" x 0.065"
b. SizeB 8509 mm 114 mm 25.0mm 1.2 mm 268 ol & mm
; 4 2 1.0"x0.049"
c. SizeC 6695 mm 91 mm 25.0 mm 1.2 mm 2% i 1:2 m
3 X 375" x 0.049"
d. SizeD  1801Smm‘ 126 mm’ 35.0 mm Mo oyt S0 X049
35x1.2mm

A tube which is both the Minimum Diometer and the Minimum Wall Thickness may NOT meet
the Moment of Inertia and Cross Sectional Area Requirements

a
AN 2.5 BARIUTLLANVDILNAN

=

q @

Pougelulslulaseasianan [4]
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F.3.4.2 Properties for ANY steel material for calculations submitted in an SES must be:
3. Non Welded Properties for continuous material calculations:
Young's Modulus (E) = 200 GPa (29,000 ksi)
Yield Strength (Sy) = 305 MPa (44.2 ksi)
Ultimate Strength (Su) = 365 MPa (52.9 ksi)
b. Welded Properties for discontinuous material such as joint calculations:
Yield Strength (Sy) = 180 MPa (26 ksi)
Ultimate Strength (Su) = 300 MPa (43.5 ksi)

d wa 4” = o
AW 2.6 wansnaandRvosmantugruildlunisium (4]

P o wa < & J . ] ' PN PN
sl]'\‘iLN@U’]@WE‘?@J‘U@LLﬁg“U‘LJ'WWUENL‘IﬂﬁﬂWUi?u&l’]ﬂﬂu’)m%’] Flexural ngldlty GUE’Jx‘iﬁ’JUGH\‘i‘]VIQﬂV]

wume TannanzlaA1nIun1s9ll

Chassis section Requirement Flexural Rigidity

Horizontal Side Impact Flexural Rigidity = 1  Size B baseline steel tubes = 1.7018 kPa*m"4
Vertical Side Impact Flexural Rigidity = 2  Size B baseline steel tubes = 3.4036 kPa*m"4
Front Bulkhead Flexural Rigidity = 2  Size B baseline steel tubes = 34036 kPa*m"4
Vertical Front Bulkhead Supg Flexural Rigidity = 1  Size C baseline steel tubes = 13390 kPa*m"4
Front Bulkhead one side Flexural Rigidity = 3  Size B baseline steel tubes = 51054 kPa'm"4

A 1 | U ! o ..
M9 2.2 LEAIFIUAIN)URIRTALAZ AT Flexural Rigidity

a 4
2.3.2 nfnwnudue

UaNNBAINNAANIAULATIATINLEY SallnfinisnununnuluiesAuduse BnYIvdslindin1inse
gApslivuanenvzlviauduimvds 5th percentile wazAudugYe 95th percentile anansaldausala
agelifideym BnvisdalinAmndndunnauazdedsanansalnniely 5 3w lesluriesdnduavdes

1% a v . g ' 1% v v ) Y ad A v
nIanenagli template ¥83 Cockpit opening Hule wazsuntinuesisavzfosinunneluli

Cockpit internal cross section template #ulalufis 100mm A1ALTUAULTS



steering column may pass

600 mm .
through this area

10 mm

—

50 mm
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100 mm 4 Front

15 mim,
50 MB
| 100 mm

bl

350 mm

50 mm
- ﬁ
g
|
350 mm

Driverless: 300 mm

steering column may pass
through this arca 1
\/ J o

AT 2.7 uans Cockpit opening template (418) Laz Cockpit internal cross section (131) [4]

(400 mm)
|

lne template Undunazgnldinuazeaniuuazrdmiu 95th percentile WoeK8 gRISENTT Percy

Head 25 mm

Restraint R

Lip=f

rearmost
seabuk s . T\ Pedal Face
R ~0R65
/"ﬁf\(ﬁ\““"

- gl

. Scat Bottom
Al 2.8 WAASIULUUIUINYDY Percy [4]
add o
2.4 NOUHVNYIVDY

2.4.1 Jaqdwszney
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i JuhlvilnianUseneuilinuaud@nauy vselldnwazaniy Moy waniiinisesume
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asueulvluesgnldluvainualsgnamngsy 1wy 93016 130 91N WazN1IN1sINT LDusu
dwsulunediwes wazwslanliuszneluilotan wazdulefudass lnaduloasvihudnlunissu
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nsiaRaianranuuuiuly

Ao matugUTansnelidudule Wy ui arsuou wndia Mndutantu wu mavelmdu
uitu frulunsusssannddduundunas

Short fiber reinforced fiotiasnia 2 .

Long fiber reinforced Aou1nn71 2 13, Wsitlaen3n 30 wl.

Endless fiber reinforced Aiau1nnan 30 ul.
MR EgNaNLUUBYNTA

fio nsfifloymavesianuannszefeglutanuan Insoumaazlisuraivannvans 1wy nss
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AN NTIT NTIVAELNFEN LUURU

COMPOSITE WITH
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5
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T
A
X
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N2
)
o
7 4

REINFORCED COMPOSITE

4 aQ U
NN 2.9 LansguuuuvaInIsiaInign [10]

2.4.1.2 nMsi3easmvandule
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AR 2,10 wansnsTRSeaiwuy 0/-45/+90/45/0 [11]

2.4.2 Taseas 19Uy

lassasusunivAelasiasniusznaume TanununasasgnusEnumerviin 2 iu lag
Rty suussfauastsedn drudagununaneyimiinsulssouuasissen wenaintuian

WAUNANEWIUTNTLIBLAN Second Moment of Inertia V89lAT3&319928 F3A1 Bending Stiffness L

1N

Face Sheet

Adhesive I
Adhesive T

Face Sheet

4 % fa
AN 2.11 TASIAS1ILTUA Y
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2.4.3 fa1sueulnlues Prepreg

Tngtnfudy mstutunuTaspaudeaiveulilues agvilasnisléfhansuouluesuuuus
sniuviliudehlnensnisduadly uwitadueulivesuuy Prepreg axilufaniueulueditings
\deuistuinegluiloinud asiliuddldonisinluoufigamaiiniseu uifhasueulues
Prepreg mmimﬁaé’hLaﬂ,éfﬂwiuqmuqﬁﬁaqmﬂﬁqﬁﬂizmm 1 fou fedumsdafiuin Prepreg 39

[y a

sosiaiuliluaamglifudn diunnizeguszana -18°c Fusdiiuduan lnsazedliuszun 1 U

Al 2.12 wanarinansuaulniues Prepreg [6]
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Judagmhanldduiaquounansveddasaiauaudiv lngnsueglugundalilagnad diais
saillisudvuanevinsauazdiedenisvuddlagliidusionisiinnnudems uaganunsandoanunld

agsdhenelaglifefiaunsaliiudn deudutanununaisdus Siieaiiiengneenuuuaiiendu
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a A a

LAUNANVDILATIFS LT UA VLA S TN URIUTENDUNY 2 AU IneUaRvassiieeallideumaifiy Stiffness

Y

| ca ~ 3 v a X o 2 v
GUENLLNULL%U@?%I@EJNU']VUﬂLW@JGUULWENLaﬂu@'EJ [7]
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o W & a a a P
A 2.13 uansuniuisiseaiifluunoundeentda (7]

2.4.5 s8108v38 SES

ogsfinamluluumindhuussinsquesikungudids Alssumsigailngld 6 fudsildmuniy
SES lown
Flexural Rigidity YBuvian Baseline
aruudaunsada £l vasdudrudiuinania elastic modulus Ailaunszvhann 3 gadansninwly
n13MAFBY laminate WAy second moment of area MAATULOINANLNUITITUIN WATHANTENY

AUAILGIVB monocoque I3

(2.1)

[ 200000 - n(D* — d*)
B 64

log  E Ao ANANNEANEUVBIRN
I A9 LU UAANULRDEUDINUN
n A9 IUUNBWMAN

D  fe WuruAudna1auenvevie



d Ao uuaudna1dluveie

Yield Tensile Strength

O-y,skin X Askins cross—section

y 106

Ultimate Tensile Strength

Uu,skin X Askins cross—section

by = 106

Maximum Bending Load

o 2, 4 X 0y skin X Ipanel
max - 0.001 x 0.5 % tpaner X L

Maximum Deflection at Baseline Steel Load

. Fsteel,max X L3
48X EI

Energy Absorbed

13

(2.2)

(2.3)

(2.9)

(2.5)

NIRATUNATUYBTUNUNAFRUAWINAINUN AN NYBINTIMAUATUS SEVIUsaiU

JLYLNITLIN
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2.4.6 NuAudmSuLHULEUY

NINFUNANUBAULTUAIVLUUINY &7 L A9 W

A ¢ 1 fa
AN 2.14 LanFUNITIUDNUUINYDILLNULYUAIY

1519z@11150%1AN Flexural Rigidity vesusunaumivillalagldaunis [8]

wtd?
B Q57 )

e EI A9 Flexural Rigidity

E;  fe lugdandudavguvesivi
w Ao ANUN39BITUIIY
t AB AUAUNIVDIRINT

o U1tt;

d Al +h
2
INAUNTTTAU TUFEAIUEANE U T ULNULTUAI T NAIUIUAN

G- L2

E = (6)
48Ic(yc2 - ycl)
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2.4.7 gUwuuanudemy

lpssasnurusiviisuuuuanudemeninuiey wazgluuuanudedudiuddyvesniseanwuy

[

dSUAIGY monocoque [8] Hgail

Skin Compression Failure

1% '
a =

NSEYBUTELANIATLAILNURY 1AL AULULLILNUTDLALRTIAILINATT In-plane

strength YOIUHURT LDFUNITZANULLILAUTDIATY

o o : . .
AN 2.15 Lanamnutagmieuy Skin Compression Failure [9]

Intra Cell Buckling
<, ! a Y a Ay M v Y% o a e a A vy
L‘UumﬂﬂwENmwmummﬂﬂ@gmmiumsmLmu ANuEsIMertafannsavaniaeslane

A9LADNVUIAVDILNUTINILALANAS



17

AT 2.16 LARIAMUIABTMELUY Intra Cell Buckling [9]

Core Shear

ATl lagununanssuusadeulusuiuasinevestl lnganunuiiaslungdausudouves

[y

anununa msazaeniganeliiadesiunisiinmiudemedssnani

S
By

=[] -

—

o o
AN 2.17 wansnnutdgmgluy Core Shear [9]
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3.1 umin

d
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Tuunflaznanfeguhuunmsvageuuiu Laminate wagindn Baseline wothunSeuifleunay

nyazrszdlsulludieiauudlulusunsi ANSYS 59umMstayan199a1nn1svageunIsinge 3 90

< .
Po1an Baselinew

3.2 JUuuunINAdeUMUNANT FSAE

F.4.3.3

F.4.3.4

Comparison Test

Teams must make an equivalent test that will determine any compliance in the test rig and
establish an absorbed energy value of the baseline tubes.

a. The comparison test must use two Side Impact steel tubes (F.3.2.1.e)
b.  The steel tubes must be tested to a minimum displacement of 19.0 mm

c.  The calculation of absorbed energy must use the integral of force times displacement
from the initiation of load to a displacement of 19.0 mm.

Test Conduct
The Laminate test F.4.3.2 and the Comparison test F.4.3.3 must use the same fixture

b. The load applicator used to test any panel/tubes as required in this section F.4.3 must
be:

e  Metallic
e  Radius 50 mm
The load applicator must overhang the test piece to prevent edge loading.

d. Any other material must not be placed between the load applicator and the items on
test.

R 50 mm — Load Applicator

Front View KHN“\H, / Side View

Test Specimen

AW 3.1 Femsveaeu [4]
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Ine3snsnaadeutsiiszylilungresnsudstu Tnefillaninuasiegin msveasumin Base line
wianfaziueaeussiivuesuinug §1uU 2 oy @luau Laminate Aezlivwinlmdanitey
14 138x500 w30 275x500 uenaNUUAGITEYIWIATEINAIRoawInsal 50 mm wazIzEEW

J¥WIN99A5095U Mg 400 mm

3.3 myinnessleuisinludieamusivesnismaasunisdnseuuu 3 90

Tunsmstesisissdeuislnludieiamuduainismageunisaneeuiuy 3 9a asvinlagly
TUsunsu ANSYS Tngld ACP (Ansys Composite PrepPost) ua3aaiialunisiiasividmsuTanuan

Tagtaniz 1nen153A Tzt Jun SISl UULT LAY

3.3.1 Fupsunsiinseszdevisinludiomudvainisnadeumsdnsenuy 3 90

- A - B - c
.

: . B
2 & EngneeringDats v 82 @@ Model v . 2 | @ EngneeringData v
3 | B4 Geometry v RN/ 5@ e Y, 3 | Geometry B
4 @ Model v J~X [ 4 @ soutn . 4 @ Model Vi
5 Setup v N 5 @ Resus v 4 ~a 5 [l Results F

ACP (Pre] Static Structural ACP (Post)

E Geometry ]
@ Model v .
Mechanical Model

=
1
2 & EngneeringData v [
3
4

4 U 7
AINN 3.2 LERNINSITZUUNUYDINITINAFBUNITAANDLLUU 3 ﬁ;@f[,u ANSYS

Tnanngludaszuunuazuszneuluseg ACP(Pre) Faduedasislunisaavosianuay,
Mechanical Model \fua3asfislunsasrsuuudnass lnaisildiesesdiodlunsadsuuudiaeivesyn
5895U, Static Structural Wuasesiialunsivuaveuivsnazdaulusudurasn1snagay, ACP(Post)

Juesesdiolunisuanideyavemadnsuainisnnaauusasturi

3.3.2 ACP(Pre)
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- A

il AP ACP (Pre)

2 & Engineering Data s

3 Geometry v

4 @ Model vt

5 M setup v
ACP [Pre)

AW 3.3 Lanaives ACP(Pre)

Tunsesile ACP(Pre) avdaarnuna1negluuntes Ingluyes Engineering Data azidutadly

a

ANTANAUA IR

9

gnldlunisnaaey

QOutline of Schematic A2, C2: Engineering Data

% Epoxy Carbon Woven (230

- GPa) Prepreg
4 s Honeycomb = [] d
Fatigue Data at zero mean stress
g W suucural stee E1 | 2 Cote, sechion &, D 2, Tebe
-110.1
b Click here to add a new material

a D2 ! . .
NNV 3.4 LEAIUIRINUD9YBY Engineering Data

lngdannazgnldlunisveaaeuazdl 3 vlia Ae 1. Epoxy Carbon Woven (230Gpa) Prepreg
2. Honeycomb 3. Structural Steel
1 I I = [ 1 ° [ o o ] 1 [ o
ARUNALLUUYBY Geometry P UUBDIANTUNTNNLUUING D I@‘EJIU‘U@QUQ%L‘UUW]TVI']

WUUTIABIDITUIUAUTUIATINGVDINITUIITURMUALIN 275x500 Tadiuns [4]
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NINN 3.5 LEAPINUIRNNUDIYDY Geometry

Yasinluazifutaswas Model Fadurasdmsunisasns Mesh an Geometry tiiounldlunis

Fieszvsoly

4 L4 1 1
AN 3.6 LLEAINUINNVDITDY Model

MAINTUUTRYA Mesh 3IN¥ad Model Azgnandsas Setup Tunisaiagunuianuay
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A v U 1
AN 3.7 LEAINUIANUBITOY Setup

Inglugestiazanunsaldonian arunu wazdwauduld Tnglugestiazir Mesh My Surface
11 MntuazthdoyaruarIwIutufignivuaNnas UL uuTIaea iU TuIN SN

mmsaﬁmumﬁﬂmwmﬁ’]LLazﬂ"mumgﬂqums’mc’iﬂﬁ

Scene.1 |

2019 R2

o ” by o
NINN 3.8 LEAINUINITAIAINNLLUY +45/-45

3.3.3 Mechanical Model

-

b8 " Mechanical Model

2 @ Engineering Data "
3 E Geometry v 4
4 @ Mocel v

Mechanical Modd

A o Y 1 .
AN 3.9 LEAINUINUININYBY Mechanical Model
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Ingluip3osile Mechanical Model agiivosiniasiionatyeaos wilauiuuas ACP(Pre) Aila
o5UlUT19UULAD LiEIWALATeElD Mechanical Model Hazidupsasiladnsunisadiauuuinasiuad

ynsesulumnageu

AT 3.10 LansTvTEnetes Model Tu Mechanical Model

Feuunveainaazdsal 50 mm [4] uidvwinvesgasesiuldldliivuawuinld gnaaeddsla

Tgyunaduruaugna1en 25 mm Faduruenildlueweasram1anIAIvrIaIngsules

3.3.4 Static Structural

b8 = Static Structural

42 @ Mode v
13 @ setwp L -
4 |5 solution v oa—
|5 @ Resits v

Static Structural

4 o Y .
AMNY 3.11 LEAIRUINUINIUBY Static Structural

[y

lueestietaziduiaiasiiadmsunissirnnismeass lnen1siuuateulvazmuasseznszan

YosmnaaluwwIway Z 11 -8 mm wazdagnsessuvisaadu Fix Support
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o F
AN 3.13 LEAINAYDIANULATYA

3.3.5 ACP(Post)

- C

S— -
1 ACP (Post)

B2 | & EngneeringDats

3 E Geometry v

4] ;ﬁ Model _v/“ 4

o5 M Resits v
ACP (Post)

AW 3.14 wansnivtienaes ACP(Post)

ACP(Post) tuLpIasilalunisunaeanuidememintuiuduau lasaiunsalaninaduwmiasdu

19 Ganannudemeavgninsigvivaninaeianudsmeluguuuusingeg



& Failure Criteria Definition - u] X

MName: |Fa\|urECntena.1

ID: FailureCriteria.1
Failure Criteria

Reinforced Ply Criteria

Max Strain: (2] Configure
Max Stress: [7] Configure
Tsai-Wu: [ Configure
Tsai-Hill: 2] Configure
Hoffman: [] Configure
Hashin: (] Configure
Puck: [ Configure
LaRC: [] Configure

Sandwich Criteria

Face Sheet Wrinkling: [] Configure

Shear Crimping: []

Isotropic Material Criteria

Von Mises: [] | J / Copfigure
A Sy

[ ok [ Tmepy | | caneel
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“ v (3 = va 6
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o = '
NN 3,17 LEAIAMULEYNIYUBIYU Honeycomb

4 = ¥ :.jl ¥ 1
AINN 3.18 LLEAIAMULEYIEUDINITULTNATUA

4

Tngfagnuyinusinguuinauiifiaanuds asunundninaeiaudemengnldlunsinsei

¥
a

7191
tw MANLNESIANULANIUDY Tsai-Wu
th iannaeiAULEEMEYad Tsai-Hill

of nanngiAINULEINNELUU Core Failure



27

lngBunuaziiolndemeegauysal Weaaanudsmevuiivesiasuesuliivesvsouny

Honeycomb AasaluIAINAINTOITUIIY

3 Point Bend Test ANSYS

25
66
20
=
=
oI
m
=
b
ERD!
i
(T
5
0
1
m3/3 15.962
m5/6 22.492

Ply Count {Inner/Outer)

a = = o o Y
AN 3.19 LARINITLUIBUNBULIIGEANUIIUIUTURN

3.3 AIVIASEUNNIARNIBLUY 3 gATadndn Baseline

AuNgUel Formula Student NsnNARBUNIIAANE 3 90 STUdMSUMAN Baseline szylidn
wiEnldiinumeaeuazsioadien Cross sectional Area 11nn31 114 mm? uag Second moment of
inertia 1nnni1 8509 mm? d1uau 2 vieu Tnefiszerqasesiurineiu 400 mm wagiananssnaudnd
50 mm n1snedeUAMIUAIL Side Impact asfesdinsfigaiiiwiiwesduiausagadundsnuld

wiriunseNINNIunan Baseline 91w 2 vieu fignnaauszesnsydnil 19 mm Inglunisnageud livin

ANSNAABUNNIAIVIIAINTTULEET
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o . .
AW 3.21 uanandn Baseline 2 VNOUNRIINGNNA
Inglunsvaaeupnnudilunisnalagnaaailiin 5 mm/min waznaunaudsszesnszdnil 25 mm

lngnsveammegeugnuandlun A 3.18
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Steel Baseline 3 Point Bending

Load (kN)

N W 1O N

[

0 5 10 15 20 25 30

Displacement (mm)

A ! U U
NN 3.22 LAAINTINTENINLINUTEYZNTELN
< o 1 anw o dl' o wa 1 2 o o
nHuRzANlanmsnadey luldlu SES wWiaAwinauaudRneveamaniiisiu
NAFDU F1AINNTINAUUYL Wt ANIMMINGRIUTAtuTewnani 19 mm dzliAUseann 115.689
J wazlseinsgyiangeilan 6984 N wazdoyaainnisvageuazgnunuinsenasty SES ez

AnuanUinguesninfithumageu



Steel Tube 3-Point Test

F.4.3.2 Minimize deflection in applicator and span fixture.
All entries on this tab are in 51, Inch units are calculated only for output values.

F.4.3.4 Repeat tube values on all composite tabs. Use same fixture for all 3-point tests.
Logged tube data only is only necessary on one of the composite tabs. Prioritize SIS layup tab.

| Make sure to use stepwise integration: current_force*(current_disp-prev_disp)+previous_total
Do not assume steps are identical.
INCORRECT: Final_force*final_displacement

F.4.3.1 Dates of tests;| 15/11/2021
: F434.a Metallic load applicator 50mm (2in radius):| 50 mm
Tube Support Span =400mm L:| 400 mm
t F433.a Number of tubes =2 n:| 2 Round

Wall thickness (t): 12 16 mm
Outer Diameter (0D):  25.0 254 |mm

Tube cross sectional area [(A): 114 120 mm*~2

Tube second moment of inertia (I): 8509 8508 mm*4

0.174626714 [mm

F4.33.b Maximum displacement »=19mm: 25.7718% mm

Absorbed energy at 19mm deflection (Area under curveJ:J

yltoy2 Displacement from bending (P*L*3/4B*E*I): 1126 mm
Local crush (PA2*RA2°T/(16°pi*5y"2°172)):  0.023 mm
Displacement from shear (0.5°F*0.5*L*shape/A®0.3%E): 0.040 mm
Displacement from testrig:  0.238 mm
Rig compliance: 0.083 mm/kN
Theoretical El: 3.40E+09 N*mm*2
Tested El, uncorrected: 2.83E+09  B3.0%

*2

Propagate the yield formula provided in column AC to complete this section.

Beam curvature radius for 0.2% strain offset: 6350 mm
Deflection at curvature: 3.15E+00 mm
Yield Force: 3.27E+03 N
Maximum Moment: 3.27E+02 N*m
Theoretical Yield: 305 MPa
Tested Yield: 244 B80.0%

Y| DI .
AW 3.23 uanantingng SES 189n1snadauwman Baseline
Fanan Baseline mungefaziia1 Flexural Rigidity 91 3.4E+09 N - mm? d@ruwaniiunun

NAFDUALIUAIINNTNAABULR 2.83E+09 N - mm? faumiloudui 83% gaduaneousules

30



4.1 W3PUTUNY

MN15IM Wazdim Carbon Fiber Prepreg kag Aluminum Honeycomb Tilsauauarduauaia

d
unn 4

Fonsandunisnadsu

#1979
Y Lay Up
N9 X 812 N1INAEU
3/c/3 | 6/c/6 10/c/10
100 x 100 1 1 1 Perimeter Shear
300 x 300 - 1 - Pull Out
500 x 275 1 1 1 3-Point Bending

a ° Iy 5% Y {
M99 4.1 LLﬂﬂﬂQquju%u\‘]’]Uﬁ@aﬂfﬂiaﬁqqLﬁ@'ﬂﬂﬁaU

< = .
NN 4.2 LanIn1sIed Aluminum Honeycomb
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1UsU Aluminum Sheet 1Un1 Release Agent iaAUTUMUAANULNY 219 Carbon Fiber
Prepreg fif 0 03A1@aUNU 45 p3AANNNTIRSEeIsas Lay Up Tulasaunanlag Wiedunisiia Core
Crush 91nA1U919 Iagdl Aluminum Honeycomb 8g5¢%i19na14v@s Carbon Fiber Prepreg vi3a@4ils

wagdl Adhesive Film agseninanand

o 2
AN 4.4 vanauanululasanan



o & z . , ‘s , o d
WIBUNUINNANYINTS Bagging tnegunisaivil Bagging 1udsnind 4.5

Vacuum Infusion Bagging

Buffing fabric Bagging film
(peel ply) Perforated
Valve Coupling to bagging film release film
Bleeder fabric
Fastening tape
\
S v
[ =] —

Sealant tape

Al 4.5 gunsallun1svi1 Bagging

o "y v .
NINN 4.7 LEANIN1TTUUNIY Bleeder Fabric

33
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< Y L
AN 4.10 LEAINISLNETUIUNAGBUDDNAINULRNN

4.2 NSNAABUTUINY

Tun1smegouTIuIUY AEiN1TAdEUTIINUA 3 LWUU AB 3-Point Bending, Perimeter Shear wag

Pull Out 1AgNISNAABUNIRUAYININSNAGBUTUANIAIBIFINTTULEST daa.

4.2.1 3-Point Bending

nsnageudInvilagldsukuunIsnaaeuaun@ing Formula Student lngszees Span 400 mm

WazIneA R=50 mm mum%”umu 275x500 mm

AT 411 uanINSNAFaU 3-Point Bending



Force (kN)
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NAANSUDINSVAEBY 3-Point Bending 1ulununini 4.12

3 Point Bending
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4.2.2 Perimeter Shear
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mm 3 D=25 mm oy nliviinag Fillet lalag r=1 mm

Force (kN)

o .
AINY 4.14 LL@nInN1InNegaeau Perimeter Shear
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NASNSVDINIINAADU Perimeter Shear Wuluaunwi 4.15
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Perimeter Shear

5 10 15 20 25 30

Displacement (mm)
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AN 4.15 LananINTEmINIINUIZEENIZINVDINITNAABY Perimeter Shear
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4.2.3 Pull Out

Tunismeaeu Pull Out ninldldfvunvuavestiuauld sgrslstauidaildlduunngunui

WLNEEL AB 300x300 mm

a of 34
AN 4.16 LanIN15IATUINULUAISNAEDU Pull Out

naaNsIeIn1Iaaey Pull out Wulusunind 4.16

Pull Out
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Force (kN)
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Displacement (mm)

4 U > U
AN 4.17 LEAINIINTEINLIINUTLELNTLAINVDINITNAEBY Pull Out



4.3 SES Submit

wasnideyaainnisnadeunds Nirfeyavianualunsentu SES iWeummasingeg e

UsziliuTaunaaauilnnukdassitaanovs ol

4.3.1 SES ¥8aguuuun151198n 3/c/3

Composite 3-Point Tests
F.4.3.1b Minimize deflection in applicator and span fixture.
All entries on this tab are in SI. Preferred units are calculated only for output values.

F432.a The fiat 3-point test panels measure 275mm x 500mm or 138mm x 500mm.
The top and bottom skin must have equal surface area
Panels must have bare edges, with the core exposed

Make sure to use stepwise integration: current_force®(current_disp-prev_disp)previous_total
Do not assume steps are identical.
INCORRECT: Final_farce*fina!

isplacement

Dates of tests: 22/2/2022

F43da load applicator 50mm

F432a
Panel Support Span =400mm
Panel Height = 138mm or 275mm h
Centroid from bottom: 12550 mm Panel Thickness:

Outer TOP Skin Thickness:
Inner BOTTOM Skin Thickness:
Second moment of inertia I© 91011 mm*4

Enter values for minimum and maximum |oad/deflection in linear-elastic region

Force at panel failure or maximum tested force yma
Absorbed energy at test panel heigh

Two Size B tubes uncorrected gradient: 1769 N/mm
275mm panel uncorrected gradient: 857 48.42%

Uncorrected skin modulus of elasticiyE: 1255 GPa
Uncorrected skin modulus of elasticity £ 1.25€+10 Pa
Uncorrected skin modulus of elasticity E: 1.82E+06 psi

Correction - MIN(Rig Compliance*(y2-y1), 05°(@-1)) [mm): 1084  12.58%
Corrected skin modulus of elasticityE: 1435 GPa
Corrected skin modulus of elasticity £ 144E+10 Pa
Corrected skin modulus of elasticity E: 2.08E+06 psi
UTS of skins Gure. 103E+02 MPa
UTS of skins Gurs. 103408 Pa
UTS of skins Gy, 148E+04 psi

AT 4.18 uans SES vas 3-Point Bending ¥83 3/c/3

Perimeter Shear Test

F.4.35h The first peak must be used for skin shear strength for composite chassis properties.

F431 /A
FA35a mm N/A
F435e Maximim fillet 1mm (040in}:| 1 |mm /A
FA.350 Sample Length 100mm (4in) min:| 100 |mm N/A
Sample Width 100mm (4in) min:|__ 100 |mm /A
FA35c  Maximum fixture hole diameter 32mm (125in):| 32 |mm n/a
Panel Thickness: 251 mm N/A
Corethickness: 23 mm /A
First Peak Skin Thickness: 105 mm N/A
Second Pesk Skin Thickness: 105 mm /A
4358 First peak:[_3250 |N N/A
4350 Highestpeak: 3730 N /A
FBHS requirement 4000N:  §33% N/A
515 & Accumulator protection requirement 7500N:  49.7% /A

FA35g s 394008 MPa

G 3.4E07 Pa
G 5T2E03 psi

mwﬁ 4.19 18@m9 SES U89 Perimeter Shear 994 3/¢/3



4.3.2 SES 98aguuuun15219%1 6/c/6

Composite 3-Point Tests

deflection in applicator and span fixture.
All entries on this tab are in 51. Preferred units are caleulated only for output values.

FA32a The flat 3-point test panels measure 275mm x 500mm or 138mm x 500mm
The top and bottom skin must have equal surface area.
Panels must have bare edges, with the core exposed.

Make sure to use stepwise integration: current_force® (current_disp-prev_disp)+previous_total
Do not assume steps are identical
INCORRECT: Fina|_force*final_displacement

F431 Dates of tests:| 22/2/2022
F434.a Merallic load applicator 50mm (2in radius)] 50 [mm
FA32a Fanel maximum width =500mm W:| 500 |mm
Panel Support Span =400mm L:| 400 |mm
Panel Height=138mm or 275mm b 275 |mm
Centroid from bottom:  13.600  mm Panel Thickness: 272 mm
Corethickness:| 23 |mm

‘Outer TOP Skin Thickness:| 21 mm
Inner BOTTOM Skin Thickness:| 21 mm
Second moment of inertia I: 214053 mm*4

Enter values for minimum and maximum load/deflection in linear-elastic region

Force at panel failure or maximum tested force ymax:
Absorbed energy at test panel height. ) N/A
Two Size B tubes uncorrected gradient: 1766 N/mm
275mm panel uncorrected gradient: 1836 103.95%

Uncerrected skin modulus of elasticityE. 1143  GPa
Uncerrected skin modulus of elast E: 1.14E+10 Pa
Uncorrected skin modulus of elasticity E: 1 66E+06 psi

Correction = MIN(Rig Compliance*(y2-yl), 0.5(x2-x1)) (mm):  1.085  27.96%
Corrected skin modulus of elasticityE: 1587 GPa
159E+10 Pa
Corrected skin modulus of elasticity E: 2.30E+06 psi
UTS of skins o, 6.45E+01 MPa
UTS of Kins 0y, 6.45E+07 Pa
UTS of skins oy, 9356403 psi

Corrected skin modulus of elast

r

AT 4.20 uans SES ¥o9 3-Point Bending 484 6/c/6

Perimeter Shear Test

F.4.3.5.b The first peak must be used for skin shear strength for composite chassis properties.

Shear Test Required

F4.3.1 Dates of tests:| 8/4/2022
F435a Punch diameter 25mm (1in):| 25 mm
FA435.e Maximim fillet Imm (.0£0in): 1 mm
F.435.b Sample Length 100mm (4in) min:| 100 mm
Sample Width 100mm {4in) min:| 100 mm
F.A435.¢c Maximum fixture hole diameter 32mm (1.25in):| 32 mm
Panel Thickness: 272 mm
Core thickness: 23 mm

First Peak Skin Thickness: 21 mm
Second Peak Skin Thickness: 21 mm

FA35.g First peak:[_6556 |N

F.43.5h Highestpeak: 6680 N
FBHS requirement 4000N:  167.0%
518 & Accumulator protection requirement 7500N:  89.1% N/A
F.435.g Ginear: 39.74933 MPa

Gesr. 3TESD7 P2
Goar, 5-77E+03 psi

mwﬁ 4.21 udne SES w949 Perimeter Shear 9849 6/c/6



4.3.3 SES ¥2a3uuuun1571981 10/c/10
- Composite 3-Point Tests

e deflection in applicator and span fixture.
All entries on this tab are in SI. Preferred units are calculated only for output values.

F4.3.2.a The flat 3-point test panels measure 275mm x 500mm or 138mm x 500mm
The top and bottom skin must have equal surface area.
Panels must have bare edges, with the core exposed

Make sure to use stepwise integration: current_force*{current_disp-prev_disp)+previous_total
Do not assume steps are identical
INCORRECT: Final_force*final_displacement

F431 Dates of tests| 22/2/2022
F4.34a Metallic load applicator 50mm (2in radius):| 50 |mm
F432a Panel maximum width =500mm W:[ 500 |mm

Panel Support Span =200mm L:| 400 |mm
Panel Height = 138mm or 275mm h:| 275 |mm
Centroid from bottom: 14000 mm Panel Thickness: 28 mm
Core thickness:[ 23 |mm
Outer TOP Skin Thickness: [ 25 |mm
Inner BOTTOM Skin Thickness:| 25 |mm
Second moment of inertia I: 270216 mm*4

Enter values for minimum and maximum load/deflection in linear-elastic region

Force at panel failure or maximum tested force ymax
Absorbed energy at test panel height:

Two Size B tubes uncorrected gradient:
275mm panel uncorrected gradient:

Uncorrected skin modulus of elasticity E2 1528 GPa
Uncorrected skin modulus of elast © 153E+10 Pa
Uncorrected skin modulus of elasticity E: 2.22E+06 psi

m

Correction = MIN(Rig Compliance®(y2-yl), 0.5°(x2x1)) (mm}: 2430  47.19%
Corrected skin modulus of elasticityE: 2894 GPa
Corrected skin modulus of elast 2.89E+10 Pa
Corrected skin modulus of elasticity E: 4.208+06 psi
UTS of skins o,,. 1O1E+02 MPa
UTS of skins gy, 1.01E+08 Pa
UTS of skins 6, 147E+04 psi

[ 4

AT 4.22 wana SES wos 3-Point Bending e 10/c/10

Perimeter Shear Test

F.4.3.5b The first peak must be used for skin shear strength for composite chassis properties.

Shear Test Required

F4.3.1 Dates of tests: B/4/2022
F435a Punch diameter 25mm (1in): 25 mm
F435.e Maximim fillet Imm (.040in): 1 mm
F.4.3.5b Sample Length 100mm (4in) min:| 100 mm
Sample Width 100mm {4in) min: 100 mm
FA435.c Maximum fixture hole diameter 32Zmm (1.25in): 30 mm
Panel Thickness: 28 mm
Core thickness: 23 mm
First Peak Skin Thickness: 25 mm
Second Peak Skin Thickness: 25 mm

F435g First peak
F.4.3.5.h Highest peak: 11070 N
FBHS requirement 4000N: 276.8% NfA
515 & Accumulator protection requirement 7500N: 147 6%
F435g Guar. 33.03293 MPa

Oone 330E:07 Pa
Giesr. 4.TIE+D3 psi

AT 4.23 LA SES 984 Perimeter Shear 984 10/c/10
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5.1 umi

1 =

waINN1sNaeuAmalURveusazuiungeuLal Tuuniliaznandwaansainnisiianle

nNsnaaeuTanunldlunisasns Monocoque

5.2 Final Layup Schedule

AT 5.1 wand Layup Schedule

UINTURVBIUARTAINYDITAIEYNAMILALAY SES ntuansliiululuuIaowes

'
=]

Monocoque #4nwil 5.1 1Hipg91n Ineduidudvnivziduniseh 3/c/3 saduiuwuduntosiign
anunsathanlilaludgiuees Unregulated section Aldnsansinuuilindioutuilesainduusiunlad

ARNISO95U

5.3 Torsional Stiffness

14 Ansys TunssinuiamieAl Torsional Stiffness Inan13A1RuAn158n7 Main hoop uaglauss

[WAva1ees Wishbone vaaosdnslmduiuu Couple Moment

o L o
2N 5.2 1ane Condition TuLUUT1893U09 Ansys



Hadnsa1NN13Iaeileld Couple Moment TU#l 800 Nm aglsien Torsional Stiffness 8¢l

3367 Nm/deg

B: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

24/3/2565 1959

3.9119 Max
34773

| 3.0426

L] 2607

L] 21733
1.7386

H 1304

I 0.86931
043466
0Min

A U 3 o o
AIN 5.3 LEnIaananN151aedluy Deformation

0.00035
0.0003

0.00025

0.0002

0.00015

Compliance (deg/Nm)

0.0001

0.00005

Position {mm)

o :
NN 5.4 udny Compliance fuUg1IU8e Monocoque



5.4 NAYDINITNAFBULTIBURUNARIN Ansys

3/c/3
10000
8000

6000

Force (N)

4000 —@— Force(Simulation)

2000 —@— Force(Testing)

)
N

4 6

Displacement (mm)

oo

10

A ) =
M15MN 5.1 LERINISLUTBULIBULIININANTNAFBUKAL AN Ansys U89 3/c/3

lngfinauANF195EnINNIs Simulation kagn1s Testing 8E#1 6.13% Lilalfiguiuka Simulation

6/c/6
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M15 1N 5.2 LanIN1SLUIBUNIEULIININANTNAFBUKAEANN Ansys U89 6/c/6

lpgfiANuLANA19EnIINIs Simulation kagn13 Testing 8E#1 5.80% Lilalfiguiuna Simulation
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10/c/10

25000
20000
15000

10000 —@— Force(Simulation)

Force (N)

5000 —@— Force(Testing)

0 2 4 6 8

Displacement (mm)

G‘ ] I
AT 5.3 hanan 1sideuNguULIIINATNARDULAZA Ansys U89 10/c/10

lagfiANuuANA19sEnINNTS Simulation kagMs Testing 8e#1 33.1% Wlalfiguiuna Simulation

5.4 A15@519 Mold

Mold gnasrstulaeidentdidu Aluminum Mold unuiwuuilulvluesnana illesainnisld

Mold wuudanunsaananldanswazanssezinalunisanaine Mold lulaAaudeunn

Mold

Finishing Pattern Laminate Top Moid Finishing Top Mold i &5 2 - Finishing the Mold

Mold

Finishing the Mold

Aluminum

AN 5.5 wansmsSeudisutuneuunisadng Mold ves Traditional Mold wag Aluminum Mold

mwﬁ 5.7 Lany CAD w89 Aluminum Mold
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5.5 AISAUINUIUIITERN

MuUsIuUsldlnen1siusardIulas 9IUIUVBHI Monocoque NLatNLNINLUY

v

fn Nesting tneldlusunsy Deepnest wiolvilauszanunisaninfidesiian Iagldinusyann 40 91319

bR

ATl 5.6 uans Nesting 1e9%lu Deepnest
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6.1 NITUIBNSHNARN

Mold Preparation ———» Quter Skin e Curing ] Cﬂﬁ'ﬂ‘sf;:”?"d ———————| Curing e Finishing

< ) a &
29 6.1 Lansiunoulun1SNARTUIY

AMIHANTUNULUINITaUTUY 2 SoU 1IN IalEn1Tau 1 SaU xvinlikn Carbon Fiber
g.j/ .:4' 1 a Y I~ a
Prepreg Fuusngfngazlduuuaidniuin Mold lnaniseuseunsnaziiuniseuiiiuenaes Monocoque
& = 8 @ o 1 . PR & o v [
nUuilaauLEsaniinistd Aluminum Honeycomb wagiduluanuuiilueusevanine uagyinnis

ANLAINEIINTUNUBULAT AU

< v ]
6.2 gunsaineesly

=

lunswdnuau Carbon Fiber Prepreg dsmeiuag 2 35 Aim OOA (Out Of Autoclave) Uay

'
v a

Autoclave Curing lngginaiiun OOA aglilly Autoclave Tun1stuguduau Tdieewa Oven Tun1seu

N v

Funu lnsgunsainsasly daadl
Aluminum Profile

Aluminum Profile gﬂi“i’ﬁﬁmﬂu Insert USLIau7Fodld Bolt 1ioea1n Aluminum Honeycomb

Tdanunsasuussluguuuu Point Load 16 39seadl Insert usinisun1seUssinnil

Release Film

Release Film Aefidufildifiedasiiu Resin 910 Carbon Fiber Prepreg 11#@n1U Breather Cloth

Breather Cloth

Breather Cloth AoruldiiialieniAAUNI9e8nIN Vacuum Bag d@zman
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Vacuum Bag

I%Lﬁamau%mmﬁgﬂ%umuLLasammmﬂaaﬂ L‘ﬁ'a’[,ﬁ%yumugﬂﬂm’hﬂmmﬁumimmﬂ
Sealant Tape
Tdifiesia Vacuum Bag Wisnefu wieanunsaldlnsessaluy Vacuum Bag
Spray Glue
THilefingunsalinaqiinsnesiu islilvngalunsdifiegiuuuniesudng
Mold Sealer
TiteunTngidnuuituinues Mold
Mold Release
Tfieulall Resin 970 Carbon Fiber fnfufilves Mold
Autoclave

Tdoautunulagiianansangamgiivazaudula

6.3 NSNANTUU

11 Release Agent 1Mm1a3uL Mold tiialiRatuaufnafiu Mold 219 Carbon Fiber Prepreg 4
Towseulinnnauu Mold Tuiie 0 aeraduiu 45 89f1ANNTUSALMS U LasAnaIUAUBaN I ULARETY

IneNdduIutUYe Carbon Fiber Prepreg mudilananaluluuny 5

4 o 2/ . a
NINA 6.2 Lansn15¥19A Carbon Fiber Prepreg 158U



An Release Film U Carbon Fiber Prepreg Tngldiaiusena e Breather Cloth finffu

49

TUNUINUUAR Breather Cloth U Release Film Ingld Spray Glue 1WefiufiuiIuyin Vacuum Bag 57

AT 6.4 LARIASAA Breather Cloth

U539 uuadlu Vacuum Bag uaIgaanieeen lae3n Vacuum Bag lyikdnyuvasduauain

A o oo [

Pgaiiariuivazeglu Autoclave 3NUUATIVAOUTOETIVDY Vacuum Bag tneld Pressure Gauge

o x
WA 6.5 UaneN13UTIITUNUAdlY Vacuum Bag
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A aa n.'/
2R 6.6 uaNSI5N1549A3T Vacuum Bag

uaudieulu Autoclave figamnll 80 sarwadualuiian 30 wnil uaz 120 aernwaide

Snduiian 3 92lus Aimnusu 2 bar

| \ 72 =
AN 6.7 Lanan15uTuu1aulu Autoclave

11%191U88NIN Vacuum Bag 91011 Breather Cloth wag Release Film 98n2nFuUIIULA?

121%3 Bolt dmsuda Mold Au Aluminum Profile

fin Aluminum Honeycomb Tlaauiniidesnisiieunsnlugunatsvesdunulagiutesingd

AMSULIND19 Aluminum Profile
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774 Honeycomb ilsiasaulinsasuudusiuantuld Bolt wag Nut ieda Aluminum Profile

fiu Mold 211119319 Carbon Fiber Prepreg Ut Aluminum Honeycomb

AT 6.9 LARINN5319 Carbon Fiber Prepreg 41/l

fin Release Film Uy Carbon Fiber Prepreg Ingldiaiusenta iiefu Breather Cloth finffu

JuUNUUAR Breather Cloth Ul Release Film Inaldaiusdnny ieAudueuyin Vacuum Bag 52
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7.1 agunan1ivaaes

1. ‘U’]ﬂ{lj@i{!a‘ﬂ’]ﬂﬂ?iﬁ/lﬂﬁ’e]‘ULLﬁu%ﬂﬁ@UﬁWNﬂiﬂi%ugﬂ LLUUﬂ’]i’J’]\‘iﬁWJ’EN?i’JUG\I’Ns]GZJ’eN

[

Monocoque Iansl

Section Layup
Front Bulkhead 10/¢/10
Front Bulkhead Support 10/¢c/10
Front Hoop Brace 6/c/6
Side Impact Structure 10/¢/10
Unregulated Area 3/c/3

A ¥ 1 ¥
A15NN 7.1 uansguuuunsenluusiazlasaasng

2. INNISNINITIATIEN Torsional Stiffness U89 Monocoque Maeszilaudslnludodiuudla

A1 Torsional Stiffness agjﬁ 3367 Nm/deg

3. {ley11n138519 Monocoque t@5auds thludamiinle 14.3 kg uundn Monocoque 3u
1 Y Y 1 < v v a = =34 1Y 1 o Y o Y
nountng 25 urdslisaulaTaranaunasdn 13 kg Weslasundnaurasiad azvitlmiminlag s

U839 Monocoque E)guj‘ﬁl 27.3 kg

7.2 Ygymrfinuiee

1. Mold fvhannegiiviley WethuUszneviuuduiadiewmndnainnisdnfneginy il
anusadgutnluleiag JsissanuiiiuilviAnanueainindeu wazilosanisllaunsainlv

Aluminum TA9anuuule YilANURIUNADITRLLA LAY

2. Mold eailiflsainnisvenesuilaningeu vill Mold seuad yilvikIguusnvigaeenan

Mold L1aauLasa
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3. Aluminum Honeycomb anunsaselsnuyu gaavirdandlamilaenisdaduduanield

Y

waznudganuande ushafidudiuseos Aluminum Honeycomb way Carbon Fiber Prepreg

aviguguilleannussdunigly Autoclave

4. e NgnseLsiasEning Mold lilatindavilvis®uann Carbon Fiber Prepreg lasanuin

U Breather Cloth vinlvinam Mold e1nau
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7.3 YBLdUdlLUY
1. Wavih Mold 3negiitlennisiydiuladlidosiign visenagyindiulasmsi Jig Tunniveld
nouUsEnNaULATRaUARdIulAIY
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2. Weyhnsinesiunuasil Jig Tun1sianzgmie Wesnugiilainzmesaiiuile vilwsiu

Taimsarug
3. A35911715 Debulk FuRNNINAINT WieYIARBUUATNAU Mold 11N
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