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Monocoque SESDYERL
Becio Procedure of SES |

@™ F.3.1-5 Tube Chassis -> Basic Info & Select [Tube] or [Composite]
Define your Composite Portion in the Structure.

U

@ F.4.3 Composite
If necessary, duplicate [F.4.3 Composite] Sheet for Different or Additional Layup
It's strongly recommended to be completed before proceeding to the next step.

4

@ Test section in F.7.9-10 Attachments & in F.8 Front Protection ( & in F.10-11 EV Accumulator )
Sometime test results affect your Chassis design

4

@ F.7 Composite Chassis, Remaining F.7.9-10 Attachments (and F.10-11 EV Accumulator )

4

® Remaining F.8 Front Protection
Front Bulkhead section requires to complete FBHS section in F.7 Composite Chassis

4

® Fill in remaining BLANKSs

* Of course, BLANKs may be filled when possible.
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Monocoque SESOERMLGZEZ
M4 EFBADERIEZ TSN/ SRV E
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- EED T YNSRIV ELE (F 4.4)TBaseline Materials/S1 F(nA&)&
ML EEoRME - REX+HBEETERENSEZS

Monocoque DFEMEEEBADEARETEIX T T Y/ S )L FHIIZE D<K

B85/ RILDF % ToYMNRFIIBELNEFH LS TV SSectionlT3EE
T RIS ER Front Bulkhead Support Structure (FBHS)
ETEDLE | T EEH I T Ty SRV E TBaseline/ X T 145 A L DE|

AM5320mm _
— Side Impact Structure (SIS)
Panel Height FEEHE I T T YMNRILELE TBaseline/XA 7244 LI £ DEI
RRIE T T v/ S IL A E TBaseline/ 1 7144 LL £ DE|
ngg)t@‘ . ZHELTWNBZE(F.7.3.2, F 753 F.75.4)

Side Impact Structure M4l

Panel Width FEEEATIFEA R EE B LU F MR ANR DO NG
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BATZEELTOVARNEWNSC LT LB ELE

S EE_%%H%}:FE ET—?M 75\560
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Monocoque Laminate Test

=
Tube Frame THNIE TV Y TRDIFAEESZEDYMHEIITBEDEEER TET DN
MonocoqueldE D FIRETHIHEBENAET S ENDICHEMERIC K DEEEL HMust

FUCAEDIITEFENBD O « FRENED OICIZIT TYMBNZEENT DITH.
HISDFEDMERIGROMABIE—LIREL(F4.3.1b)

Laminate Test T/~ 9 A
Primary Structure T 9 % &K Laminate D
O#EZE 77 1% (Quasi-Isotropic)  F.4.2, F4.3.6
(2)(SIS/Accumulator Side Protection D &) 7 X k EE— X L NJLTD
Size B Tube 24 IXT 9 B EIFB & Zﬁ%ﬁﬂEnergyi’;ﬁ'l‘éE F.4.3.1-F4.3.4
@FEICHAWS %nwv/7?t =SB EUTSS)  forF7
(@)(SIS/FBHS/Accumulator Protection D &) & A WTHEE F.4.3.5

@(&%%@Eﬁﬁ@“%% )&%@@Ama@r %I?UHQWF437

élﬁ?dammate@ﬁﬁ
ZEYNIEIRL T
Blank%ii&bf L <
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Monocoque Laminate Test | 2023¢ z=

) ! ° l

2023 SESK D AEFZEFTHDIERDEHEME L TLND
F.7 Composite Chassis TDSkin/E & A1 ER D EJE X $5TE A o Scaling option |[CZEE I 17-

Layup Used:l alS F.4.3 Composite | EQ
Monocoque EQ

Core thickness:mm EQ

Aealing option, layup repeats: 1 Cuter skin thickness: 3 mrm EQ
Aealing option, layup repeats: 1 Inner skin thickness: 3 mrm EQ
Panel thickness: 18 rrm EQ

Laminate Test% 1T - 7=Layup Schedule D EBHIZ T TN IX 74 5 70
(IplyEDESIEEBIIEZFE S Z KD AIREED D 572 D)

EQ

EQ
Shing: [ Outw = naar ] Entarana skin anky. Avaal o §|J ~ Lj:\\ O 45 90 45 j:/—j /'£E 75\ > Sking: [_Duter= naw ] Entarana skin anky. Araal £
Diractian  Intagar Waizht EQ - Diractian  Intagar Waight EQ
starial __ (dagraas [Hagraas) Fibars in gb: {g/mr2] Inmranca | EQ Z_ <) <71 b atarial  [desrassl degras Fibsa in gl lafm2) Instanca | EQ
e W v = T B ] 700 : £ e 0 0 P FIFTY 2 =
achoa a5 a5 la Balanco 200 F] EQ N A ~ arhoa 45 5 kil - alanco 200 F EQ
armo M w arEalre | om0 ] £ N arnen w0 o [Bma dhnce| 2w 1k EQ
T s s o Balencs | 701 o p y/ A T s s ol T Shace] an 1 0
[ EQ ] EQ
0 €0 0 =
0 £q 0 0
0 £Q 0 £
[ EQ ] EQ
0 £q 0 0

Tatalbath skinz: 2300 W ddibars:

Tatal bath skins: 3200 1B d-fibar: 1 N
FAZ  Teo tasic quasi-isotovaic layuas ava [0+ 45/00/45] and [I¥ED/-L). =+ A l 1| ‘ FAZ  Twoharic quasi-isotroaic lavuus ara [0+L5/80/-45) and [0/60/-6I].
Quati-isetoaic is used te dusceibu lumioatus that have id aatical tansiea moduluz in the divactions chacked /E A Quasi-isoteoaic is usud 1o dusceitu lumioatus that havs idsatical tua zion modulus i1 the divactions chacked
usiag maticus. 14 aCHiED, TG 4Gd u CHons WG m uasa rud aaglus it ignbrad for ga s isetenaic lipa as. N —\ using mateicus. 11 aractics, i ved uctions hetween muazu od anglus it igavrud o gu ai-suteaic lyaas.

F212h The SESdafines the anzhswhars FAZE < sanfarcad. ~ Py F212h Tha SESdafinas tha anghaswhara FA3 6 ks anfaicad
For 2023, 04boetins in cith o thu B0 b 606D divertina s must hu s luact SO% of the 0 diruction z ; — 1|\ [=] [=] Fre 2023, arpaurtios in aithes tha 80 or GI/-BD dicuctions must o af luazt 508 of tha b .
Estimatas bulow arw scalud to 100% in tha D diraction. Extrum abr low ralu s discourazad. _J— Extimates talvw ave scaled to 100% in thu b Extrumaly low valuss discousaged.

t N Wany cunzinlo and acceatanlu layuas since usand 3 CHECK ruad put (aslow 5% i1 soma othor divaction

Wy saasinls aad acceatatls layuas sincs 2 wrand & CHECK cuadout [hslow 50K in somu obhae divactior
Aekia of [0_Uaifo0_ Ui faile G.14 Goed Engicunving Practice. Uai aliuz o thoic pan havs low etablity, A swia of [0_uaifoh_uai fails 6 14 G ood Enginsaring Practice. Ui alios on thuic own nave o staniliy.

Foethin skis, halanced alice 2o weally saclbss uai 3 d incruacy acoapetios i1 apa-uaidiuctional diectivas 2 0 2 3 S ES T\ ‘i Futhin skins, halancad olisgenweally ancloss uaiand incsass aroasrties in apa-uaidicectional dicuctions.
EQ

EQ

[ZET] Disetipaatenace] W] EQ
SKIN STIFFNESS ESTIMATE (5Ps) EQ TR ETRENGTH ERTIWATE (WP ED -+ ° — o =] - N° H:l: 0) W STIFPNESS ESTIWATE [cD;] CHECK | GRWSTRENGTH ESTHATE (WP £
w Dimetin: 45 Ln o | EQ Wa: D 82 ww | ER —_— - — N wDinetiva: 0 agr s [ER Wa: D LR 0

o g w0 g ] B2 1% £ v LY £ o e =
a5 Fri] 1005 EQ i5 652 1008 EQ 0 N s = ,;’—\| is5 a11 Uk EQ a5 208 6% EQ
5 P 1) EQ 0 B 1% EQ 50 / J, ( = ﬁ S ES C m m t ] 457 L0 EQ 5 W1 EQ
L35 40 o0k EQ 135 £52 100% EQ (] ] 0 e n 15 411 L EQ L ENL Elz EQ
a Dicoctioa: 2 ns 2% EQ Wia: 113 E =LY EQ A Dicuctiva:  UE 2.4 g% CHECK, Mia: - UE el 1Y EQ
skin meduls Estimate (GrE] Skin TS Estirnate (MPa) Skin Meduls Estimate [GFa] Skin UTSEstimate (MPa)
= - » o

n BHETIZHEWEXEWNI 7N

ST ¢ TR\ fF_\TDifferent Layup& L T A/ ERIE A AN
Ny A X

= )
. S
Laminate Test T EZKH D Z &
. - aminate les z — L -
Pane| Madulus Eslimale Skin UTS ExLimale Panzl bad uluz Eslimale Skin UTS Exlimale
—— iverags Panel bod ulus ——Awerage Panel Failure ——iwerage Panal Mod ulux ——fwerags Ranel Failure
90% Pansl baduluz 0% Panel Failurs

0% Panal Maduluz 0% Pane] Failure



Monocoque Laminate Test
@@ Size B Tube 2A&DICxt T DEIB KXV RINEnersyZMtt « sETEWY

QF.432- F434DBALQABICODETAESND

BLANK
F.4.3.1 Dates of tests: BLANF
4.5.4.d ietalc 10ad dpprcdato U dadit —__ DI_/‘\I\IK
Tube Support Span =400mm L: mm BLANK
F.4.3.3.a Number of tubes =2 n: Rougd BLANK
Wall thickness (1): 1.2 mm BLANK
Outer Diameter (OD):  25.0 mm ‘ BLANK
Tube cross sectional area (A): 114 mm”2 BLANK

):

Tube second moment of inertia (I 8509 mm”4 BLANK

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

BLANK
BLANK BLANF
F.4.5.3.b Viaximeum displacement >=19mm:
Absorbed energy at 19mm d@flection (Area under curve .:|J BLANK
EQ
yl toy2 Displacement from\bending (P*L"3/48*E*]): #DIV/0! mm EQ
Local crush (PA2*RMN2*t/(16*pi*Sy*2*172)): #DIV/0! mm EQ
Displacement from shear (0.5*P*Q.5*L*shape/A*0.3*E): #DIV/0! mm EQ
Displdcement from test rig: #DIV/0! mm #DIV/0!
Rig compliance: #DIV/0! mm/kN EQ
Theoretical El: #VALUE! N*mm”"2 EQ
TesteY El, uncorrected: EQ
EQ
Propagate the yield formula provided in coJumn AC to complete this section. EQ
EQ
Beam curvature radius for 0.2% train offset: 0 mm EQ
Deflection a\ curvature: 0.00E+00 mm EQ
Yield Force: N
Maximum VMoment: N*m EQ
Theoreticd| Yield: 305 MPa EQ
Tested\Yield: EQ

RN — I TEHE

%ﬁﬁﬁ%ﬁi(&%d)fﬁwbﬁ %h

BET—FHTY,

FA3 SIR—FF2RhE

F431 F2 2
BUTABROEZY &,
HEDFDESDE/ DIV D
[CEEARLUTIEINTELY,

Steel Tube 3-Point Test/ZI7T&<
Composite 3-Point Test
Perimeter Shear Test

Lap Joint Test

CNOECCHBETHD

RO/ N+ T2 THELS
B\ TEEIRTEE,



Monocoque Laminate Test

BEERNICHN D2 —EICHRED I &

2023%% A xd Pict of Test Setup

— XLyl
RigEh&ERT =)V E
AR T D X2,y2

Lgfad - Deflection Curve

7000

6000

5000

4000

(x2,y2)

3000

TATEE[N]

Liner-Elastic Region
(RRIZ S 2T AR )
(x1,y1) TRy L&

o oS WD~ M O
—

X1 Y1, X2Y2
DINT > =Rt
[CTDCETHE

m
Lal

[mm

= O~ 0
oo o

I-:F 12

w11

1

£ HA AL HL
Pazte in logged data fram tezt below:
Uze mm and M.

It is acceptable to resample the data at a lowe
frequency to reduce the number of datapoints.
Repeat the energy calculation in column three.
Do nat azsume all zte

DOizp. Farce Energy Yield
mm M| ] M
MK AKX 1@ Intercept
25 5820

B o

0.5 B0

il 210 0445 -4 D4E4+D2
LE LELD 1.25 -4 0DE+D3
T 236D 2425 -4.DBE+DE
25 LA 2.00 -4 11E4+03
3 3830 5.006 SNJGE+HDZ
ER 1330 B.07 -3.2 k3
4 4680 1041 -3.41E+D
4.5 4080 12.0 -ZBBE+03
5 516D L5458 -Z.30E+D3
5.5 5200 1813 -1.78E+D=
E 5400 20.53 -1.13E+03
.5 5470 23.666 -4 46E4+D2
7 BE20 Z£.325 Z.E4E4HDZ
7R RRTOD o011 4ORAFLOD

18.5

10.5
2D
20.5

JoLy
BEOD
BELD
EOD
AroD
AroD

BED
BFE

are identical.

/\_/

gl.ELh
B3.7Ll5
BE.G2
g0.52
Dz 415
0h.31

142+
1.50E+04
1.57E+D4
1.65E+04
1.72E+04
1.50E+04

Yield5) |l Z D

p2.21 . W L
ﬂ]‘/ B A 21T
0.04 -4 D6E+D3 i@}zﬁ _a_ %

Energy?!] (&

(&3 %)

£85I

ECHTDE
T2 EDES

ZiERI D

—

N BHEEOCZ &



Monocoque Laminate Test

BEENRNIC EHMM\%%?& EICwREDZ &
Rgeid &R T — )L &
AR I D

Steel Tube Test&@—0
Rig CilggddCE | (F4.34)
I

2023%FxRxd

3-point bending

18000

16000(X2’y2)

14000
12000

X1Y1, XoYo
DN Y =Bt
CTDCEEHE

10000
8000
6000

4000
2000

(x1,y1)

5 10

732, £57-5. RU
HUBEICX T DERABII
[ Steel Tube 3-Point Test | & [Rk

Liner-Elastic Region
(RRIZE ML Z TR )
TRy &

Dizp.
mm
TAAK
21.5

Farce
M
MAK

14510
B
203
454
T0O5
k1]
1223
160E
17EBL
2040
2323

Fazte in logeged data from tezat belaw:
Uaze mm and M.
It is acceptable to resample the data at
a lower frequency to reduce the number

Repeat the energy calculation in column 4
Da not azzume all atepe are identical.

Enargy
]
18
125.71

0.10L1E
D.32B5

DB
L1171
1.7B2E

2.630885
SAZE
4 446
B EDTE

ET—BH
FCcH I D=
TS5 ENDES

ZERI D

16.5
17
17.5
1z
12.5
10
10.5
20
21
2L
2L.5

L11E7
L1EEE
11021
L2200
L2EEE
LzDpEE
12405
L2TER
14155

L4E1D

1}

BE.2H3E
04,0365

oo.ooy
LOE.147
112475
110.004
126.70E

152.50
130668
146023
146023

Energy5!] 1
BEEEDZ &
(B d %)



Monocoque Laminate Test

-1 — H §=:

—EDIBBIIERNDERET —IHhRRESNDICYH. [Displacement J X0 lForcel .
[Energyl] DBEIL. £ TEEEHLSITNIEZSE0)N,

Enter values for minirmum and mazimum load/deflection in linear-elastic region Fazte in logeed data from teat balow:

EC Uze mm and M.
% 0.5 mm EQ ¥ 203 N EQ It i acceptable to resample the data at
Ha 2o mrm EQ ¥a| L37EE |M EQ a lower frequency to reduce the number

Force at panel failure or masimum tested force ymas: L4610

Abeorbed energy at test panel height::l_l

Repeat the energy calculation in column 4
Do nat azzume all stepe are identical.

Two Size B tubes gradient:  LEDD MHemm
276mrm panel gradient:  EDE 45.30% EQ Diap. FﬂF:lﬂE EI'IEJFE‘.-'
mAmK (LA X 10
~ ~ _ - ~ — 21. 12571
Energy? I TXD L 5 ICREEnergyE b L H AT DZ & n2®zn§ -
Energy(n) = Energy(n-1)+(Disp(n)-Disp(n-1))*Force(n)/1000 L5 e pazee
= - 2 .
Absorbed EnergyD Bk Z IE L < EBfET 5 Z & | 25 1o 17008
2 v s
3-point bending /—\/
16000 T AL - L& 10702 5Z.ER |
e ZI19mmE T @i \ H W o
Deflection Curve D HEH Mo e eeeen

100 lE5 12665 112475

3000 Absorbed Energy 18 13058 110.004

L0.E 13405 125706
20 L376E 122.60

6000

4000 21 14155 120.EER
2000 21 14510 146022
! Z1.5 D 146.02%

1} 5 10 25

19mm



Monocoque Laminate Test

| oh |
Required: Test setup images, measurements. 2023F%AxA g EEW ICH AT paste In logged data from test
“‘( _( 'L b\bﬁ\%#@% It is acceptable to resample the
Note: If the first peak is higher, it may be used e EICERREO data ata lower requency to
3 : t reduce e number o

for T.2.33.3 or T.2.34.5.

datapoints.
Use mm and N.

Disp. Force
mm N

MAX MAX
[o] 0

E5-HE
. ECEREISE
T35 EDRE
aERI D

Required: Load deflection curve.

- 5 d Peak:
Perimeter Shear Test Toana 12345

regquiremen t. O

First Peak:
Y¥Ymax, used to derive

shear strength C-_:)

Force

Displacement 757\ E?—&\ &U
3 FNSEICNT 3ERNBIS
I I [ Steel Tube 3-Point Test | & [A#%

Plunger
Skin
Core




Monocoque Laminate Test

HERMTDOEERT —ADRIMEINDIEE. Displacement D RAMEICZMT D Forcel DIEBIS.
ETCERELRTNEZSRUN,

EQ

F.4.3.1 Dates of tests:| | A Disp. Force
F.4.35.a Punch diameter 25mm (1in): ' m N/A mm N
F.4.35.¢e Maximim fillet Imm (.040in): I N/A % BLA
F.4.3.5.b Sample Length 100mm (4in) min:| | m N/A 13728.6

Sample Width 100mm (4in) min:| | mm N/A 0 3.125
F.4.3.5.c Maximum fixture hole diameter 32mm .(1.25m): ’ mm N/A 0.1 102.625
Panel Th!CkneSSf 0 mm N/A 0.2 224
Core thickness: 0 mm N/A 0.3 3485
First Peak Skin Thickness: 0 mm N/A : 448
Second Peak Skin Thickness: 0 mm /A 0.4
F.4.3.5.h l Highestpeak: ' 0 N N/A 0.6 628.25
FBHS requirement 4000N:  0.0% N/A 0.7 699.625
SIS & Accumulator protection requirement 7500N:  0.0% N/A 0.8 749.125
F.4.3.5.¢g O shear: 0 MPa 0.9 814.25
Perimeter Shear Test TIA5a 145 1 876.25
requlrement. O

First Peak: \

Ymax, used to derive 126525
shear strength

() 7. 12939.5

Force

13210.88
13463.5
13728.63

3425
3521.875

/I 7 3515.625
Plunger I -
Skin I

Displacement

Core




Monocoque Laminate Test

Shear Test(BAMIEE) ET-Peel Test (REE@RE) Q@D T A MMEREZANT D
SERTTEISUIS K-6850 (FAWTEE) DOK-6854 (FHIEHEE) E X< BTNBDTSEZXT

EQ
F.4.3.1 Dates of Shear :es:s:| M/ A
F.4.3.7.a Shear force at failure or maximum tested force: 0 M NS A
Shear test zample lap El'ee::lr‘"r“‘f MNSA
REPLACE THIS EXAMPLE WITH YOUR OWN CAD. Lap Joint Shear Strength: M/mm™2 MNSA
Lap Joint Shear Strength: a NS A
Lap Joint Shear Strength: psi N/A
FA3.7.b Bond overlap length w: mm NS A
100% shear strength/unit length: M mm NS A
UTS of skins oyrs. EDIV/0! N/mm"2 N/ A
Quter skin thickness: 0 mm NS A
T-PEEL Load/unit length: #DIV/0! N/mm NS A
— F4.37d Safety Factor T N/ A
SHEAR
EQ
F.4.3.1 Dates of T-peel :es:s:| N/
F.4.3.7.a Force at failure or maximum tested force: 0 M NS A
T-peel test sample lap Eree::lr“r"‘f MNSA
Lap Joint T-peel Strength: M/mm™2 MNSA
SHEAR AND T-PEEL NEED TO Lap Joint T-peel Strength: a NS A
TEST THE SAME BOND Lap Joint T-peel Strength: pei NSA
USED IN THE CHASSIS F.4.3.7.b Bond overlap length -.\-':l:lr‘"r“ NS A
100% T-peel strength/unit length: M/ mm NS A
UTS of skins o yrs. EDIV/0! N/mm*2 N/ A
QOuter skin thickness: 0 mm NS A
Load/unit length: #DIV/0! N/mm NS A
F4.37d Safety Factor T N/ A
EQ
F.5.5 0.5 * minimum (T -peel, shear): 0 MPa
[Bond prep Process| | |3#E& D LDl T e e

TR FRECERE) ZEAD I &

Bond prep process:




Monocoque Laminate Test

Layup
LayupHh' X8 H DIE. SESMDF 4.3 Compositey — B UEIERBRIERAEAD L TN

SR
F.7 Composite Chassis
A4B20OICEY—REEAHD L. &l Layup Used: ] DPUll-down X1 —H"5:EIRIT D

Note: Forces are given in Pa, not Mpa or Gpa. Tested Tested Tested
Material E {Pa) 5 Ultimate {Pa) Shear {Pa) Corg Duter Inner
54,2 Stee 2.00E+11 3.65E+08 2. 11E+08 mm mm mm
SI3 F 4.3 Composite B.07E+00 T.11E+07 0.00E+0D 20 3 3
AHBS F 4.3 Composit 3.34E+10 1.7BE+08 3.13E+07 15 2 2

F.7.4 Front Bulkhead Support Construction: Composite EQ

Size C Steel Tubes Replaced e 3
Layup Used: MHES F.4.3 |+ [E

JEog S e ) i =] ~ | EQ

Core thickness: MUEEIREEE Corn posite EQ

Scaling option, layup repeats: Quter skin thickness: EQ
Scaling option, layup repeats: Inner skin thickness: EQ
Fanel thickness: EQ

Side Wiew Height (Minus holes and single skins): v | EQ

F.7.9-10 Attachments / F.8 Front Protection
[ Type SES Tab Name Of Layup Used ] ICBEY —FEZANTD

EQ
F.7.5 Front Hoop Mounts: Composite EQ
Front Hoop Mounts: Eolted EQ
Skin used: Bath Type SE5 Tab Mame Of Layup Uséd: MHEBS F.4. 3 Compositg £

Front Hoop centerline length:| 1000 |rr|rr| MAE
Sealing aption, layup repeats: Laminate thickness: 3 rir MR

Skin shear area - centerling « 1 thickness: 0008 m*2 M A
Skin shear strength: 3.13E+07 Pa MR



2023 SES(FMBEFTHEE)

MonocoqueDiH S

F.7 Composite Chassis



F.7 Composite Chassis

Repeat f T’f \/ )< ups.
o S NN

MHBSX]
~hik - RS

RI
ik - EEAE Y

TSP

FHB
ik - RIS

ik - A

SIS

FHBSY |
ik - RS

| - iz |

~HE - EERRER

F.3.1-5 Tube Chassis CMonocoque % 3% 4R L 7= R A
BLANKICZZE > TWAH D TEH T LK

(D LayupE DY)IE(E(F.4.3 Composite> — ~ % 7&)\7] D)

@ %\.@Layupﬂi@@/\ T & BDOERKRZ 2

(3) FHBSZE M4 515 (3* | Steering Protection

@ FHBE MM E @* I A ~DFHBA L E R IGE D FHE ST

® SISEMMEETE ®* L Tube SISODF_W’EComposne ICBE M TWBIiHEE
EVL-3) EVEER B BB D EMI4EETE



F.7 Composite Chassis

PAYAXMITEICTHRIRICEHT DS

25mm x 2.5mm

25mm x 1.8mm

S SESRIIE- S fal = ¢
Accumulator
Container#

EHIDCLE

The SES can calculate equivalence for a full monocoque.

The 5ES can calculate Hybrid equivalence for panels replacing FBHS and/or 515 diagonals.

(Additional documentation is required for Hybrid panel attachment.)

ST Eand BN ZE
BIDRRICEN L TR
(BERERANA—RICTDH)

Include a legend with a di
Include a different color fo!
differences in layup, core
Show the Fuel / HV system
Use the same color for all t
or 1.2mm (.047in) wall thic

R

XA ITPWETOL R I-TL,
EECHLTEATED.

= 30mm

structural (T.2.5.4). Consid

PoNS

—BHEARR

W

ICVTIIMBS VD%, EVTIFXAccumulator ContainerZ&mnd d
N TORDIFET Y TIVERREHE
ME25mm., XISARE1 2mmEDINEVV/ 1 TI3ETE—BETD



Front Bulkhead Supports (FBHS)

(1) 7ovbxIL 8 E
=B —MNMIFEEFE AT NIL Size C Steel tube3ARs&
ZEMENTFHEEND
A B L1=Panel Height " &85 &F~I A THHEERT TE
(O HDI5EFZTDTEERHET D)

B 99 8P D Side View Height
EFIIENEI)

(2) (1) THEMMED100%K KL% SHFHS OPTION - Half Car ~ #FIATS

. ) _ Half-car composite
Half-car composite cross sectional arealZ (X cross-section depth

Skin®D & D KT EITE & A7 |

A 4

Half-car composite cross-section depth(Z (&

Bt > X —#h o DNMEERSER)E AN

Half-car composite second moment about car centerline
ICISEm A v & —Bh(z8h)E Y OSkin7Z 1T D
W —RE—X > Muzx AT 5

Your Monocoque FBHS

Comparison



Front Hoop Braces (FHB)

(1 ) 75\y|\/{*)bjﬁ§ Half-car width Centerline
=5 E S —NI~TEEE AT 1ULSize B Steel tubebLbE TSNS N\ 1
A ALF=Half-car widthhW&FE5E~T A THHEERT & s
(BOEAB DB EEZTOTEERHET D) =>0mm N

!
!
!
!
I
FHB |
I
i
!
I

(2) (1) THEMMEHD100%kKHE4 535S OPTION - Half Car ~ #FIATS
F | SESNOEEMDXSICEY D DH DD THEE

Half-car composite cross sectional area(C &

. L - Half-car composite Centerline
Skin®> 2 DR R & A7) cross-section height
<50 Your FHB
Half-car composite cross-section height!(Z (X (=50mm)
FDA SFBHE AT S (< 50mm) & AN(ERSE e

N

ZDEE Y Ol
TRE—AbE
KHBZ L]

Half-car composite second moment about car centerline
IZIZFHB & A 70 9 BBOLD T im z KIS @A EHE Y D
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Comparison



Side Impact Structure (SIS)

(1) 7o/ )L HaE
FALIZEDZETIYMNMIKRIVBE LN TOEMMEZERRIE—UIZRHHNELY
=SEE—MNIHEEEZEATNIL

Vertical Wall vs Size B Steel tube x2
Horizontal Wall vs Size B Steel tube x1

TEHEMEATMSND

(FAOMLBH DG EFEDTEERET D)

SISEX & B84

Side view Height

Flat/ S LD ~F &
ORISR

15 A=V N ]
75\15320@

R EHE
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P

Half floor width

A% 99 W

SISO B SUE CHRES BT T & |

Primary Structure® 59 T % Roll Hoop|[Z KW\ T
E8 ZE /1 Driver Protection TH 5 7= 8.
RulesiCEDWTHEE ICEMMEAIBAT 5 Z & |




Main Hoop Brace Support (MHBS)

(1) 75yb/sRIL#E
=SB —NITEEE AT UESize C Steel tube 2R ELE TN D
A FAL7=Side view height " F5ER T/ ETHD_EERT &
(FAOEIDBIGEIEFDOTEERET D)

BEIETODTERNERWS @

MHBSA*M.Hoop<$>MHB Attachmentf&E 1°
Floor £ CFlat Panel & A7t 555 1%

@@Panel Height%% L\T i L\ h = panel height MHES
_ - Ideally, monocoques . _—
@ T7 7w b/XXIIVIBRE CEME A orient their strength Monocoques that extend 2’;2:‘;3;"5:;::2 :'nll::'r'rfﬁrdn
= 3 < = _A — = from midway below the MHB to a flat floor N
ﬁ_]—_E Hﬂ T % fa\ L A if"ﬂj—/l:l\(Z) C\_ >, L \ T 0) = & between the MH may use this flat panel height. section, and are 5tr[.)ngll,r
encouraged to monitor

mounts to the MHB. . X .
laminate directional strength.

(2) (1) TEAEMEA100% KL 535S OPTION - Half Car ~ EFIAT S
AT B AGFBHSE R THE=DEI BT S



Accumulator Side Protection
Tractive Side Protection
Rear Impact Protection

(1) ISR BE
=S5 E Y —MNIHEEE AT NULSteel tubel LEEEE S5
A F71L7=Side view height W& 55 EF~T /A THDIEHERT &
(BOEIBDRBEIEFDOTEERET D)

(2) (1) CHEMMEHD100%KHmE 4 5H S OPTION - Half Car ~ #FIFHTS



Monocoque A~ tNZE 41

CADMDRRIC.

Lower Main Hoop Bracing Support &
Lower Side Impact Structure MEfHE C.
CRENFE T DIFS.
THEIZ UIZ EFERDEN,

Composite material is
insufficient.

Main Hoop

Main Hoop Bracing
Upper

Side Impact Structure
Main Hoop Bracing Support®

|>\ :; .: LowerlCEZH T B EAHNRIEL TV

Lower /‘ Main Hoop Bracing
Side Impact Structure Support




Monocoque A~ tNZE 41

Front Hoop BracinglZ %29 % &%

FOCADHODERIC, 5V IN—BFEDZHIC
MnocoguetdaDFront Hoop BracinglC
Z=29 DEDZENY ~URRIES.
TDOINATIU—LAETIE. Front Hoop
BracingZztl#fi LI C &EICTRBIZ 8.

CDOUA P EIERDZLN,
Front Hoop Bracing®RiEL TW %
LN
Front Hoop
Upper SIS

Lower SIS



2023 SES(FMBEFTHEE)

MonocoqueDiH S

F.10-11 Attachments



F.10-11 Attachments

S.Harness
attachment

AER

AERTER
BaR
(Zfir-7e] EE BhAR)

Lap, Anti-
submarine
attachment

SR

AlBRIE R
BRI
(- E )

[ —reree—rr e ————

S.Harness

Structure

~I7%&EEBA(CAD)

Lap & Anti-sub
Structure

<& 3EAA(CAD)

[

LD Srawke Haceess Seecner, bEes

k
bt Lap, & 41ls e, P18 Fale lisei s

[Cp—"

F.Hoop mount

~I%&ZERA(CAD)

M.Hoop mount

~I7%&ZERA(CAD)

Hoop Brace
mount

~I7%&EEBA(CAD)

[T .
bt . o iy, oy e e,

——
IEIEET 000 B-202 Wanes, See:leg Pana

FETEIIEIIEENY

HEEEEEEE]

Actual Test section
Of Harness Attachments

Equivalency
to S.Harness
bar
And
Strength of
Attach point

TETEIEIIREEEINE

Strength of
Lap and Anti-
sub Attach
point

EREREIERIERIEIEERLIE

ETRETIEZIERGERIEIOEE ERPEGEEEEEZEREZIIIZ

T REREERERERRE]

ERETRERESERIEEEEEEY | REGEERIEERIIEREEEEIZ GaEan

M.Hoop

Strength of
F.Hoop mount

mount

Strength of

Strength of
Hoop Brace
mount

Select Structure and fill in BLANKs




Harness Attachments

Load Deflection Curves
Test Setups and Measurement Pictures

Samples After Testing

Actual Design Images

Shoulder Harness attachment points:

2023 &£&E

Paste in logged data from test below. | is acceptiable to resample at 2 lower
frequency to reduce the number of datapointz. Enter test dates above the columns.

Test date:| M/A
Shoulder Other 0
mm mm M

EF5-9&
£ (eI dF
TS5 EDEE

ZERI D

1,262  Shoulder barness mount spacing 178mm 1o 229mm.
Shoulder attachment test angle should be 90 degrees:
PR OUICEr NBINEss Del angle (U = parallel 1o paneli:
F.7.10.2.c Shoulder Harness monocoque panel height: mm (
Shoulder Harness monocogue panel width: mm
Shoulder Harness attachment test panel height: mm
Shoulder Harness attachment test panel width: mm
F.7.10.2.a Minimum distance, fixture to load 125mm (4.92in}: mm
F.7.10.1.a Force at failure or maximum tested »= 30kN: 0 N

Driver Harness

Load Direction

2023F EHE ~

| c—

In
— o S|
Normal = 90 BS/t[Z//E’d

Load Di

rection

Recommended
Load Direction
(=90°)

Load Direction

Recommended
Load Direction
(=90°)

Attachment Acceptable Angle Acceptable Angle

Lap belt and anti-submarine attachment: Ngle 45 g:f:cizrt"ad gfjczz#oad
F.7.10.1.d Lap and anti-sub share attachment or insert?: o
F.7.10.L.d  Minimum spacing, lap to anti-sub 125mm (£.92in): < 0-45
F.7.10.2.a Minimum distance, fixture to load 125mm (4.92in}: Test Panel of Monocoque
F.7.10.1.c Force at failure or maximum tested = 156kN:

- Lap &Anti-Submarine Shoulder(0-45°) Shoulder(45-90°)
Separate Anti-Sub: N/
Same insert design as lap or anti-sub?: N/A .
P — \y '—l—|

F.7.10.1¢c Force at failure or maximum tested == 15kN: 0 N N/A ZOZSEE\ 16_]‘% E}}:I\(jéﬁ@b\}gﬂiénto

Tth Point Attachment:

Same insert design as lap or anti-sub?:
== 15kN: 0 M

F.7.10.1.c

N/A

Force at failure or maximum tested



Harness Attachments
EEET XN

Lap Belt & Anti-Submarine Belt DEIEmzHBEIT 355,
30KNDERE N RDHSND
HBURWEEE No;SeparatezEiR9 3 (ZKHE(FENEN15KN)

Lap Belt & Anti-Submarine Belth"#izMount Lap Belt & Anti-Submarine Belth'®tB&Mount

Lap belt and anti-subrarine attachment: lWonocoque Lap belt and anti-subrarine attachment: Monocoque
F.7.10.1d Lap and anti-sub share attachment or ingert? Mo; Separate F.7.10.1.d Lap and anti-sub share attachment or insen?;
F.7.10.1d Minirmum spacing, lap to anti-sub 12%mm (4.92in): 130 mrm F.7.10.1d Minimum spacing, lap to anti-sub 125mm (4.92in):
F.7.10.2.a Minirmurn distance, fixture to load 125rmm (4.82jn): 130 |ram F.7.10.2.a Mirnirmum distance, fisture to load 125mm (4.82i0): 130 |mm

F.7.10.1d Force at failure or masimum tested@E= 30kM ) 16000 N

F.7.10.1.c Force at failure or masimum teste€= 15k|'\|:' 16000 M

Separate Anti-Sub: IMonocogue Separate Anti-Sub: M &
Same insert design as lap or anti-sub?: Same insert design as lap or anti-sub?: / MR
F.7.10.1.c Force at failure or maximum testec€= 15kN:' 0 I A F.7.10.1¢ Force at failure or masimum tested == 15kM: 0 M HAB

N/AE 78 V) BEANE



Monocoque Attachments @) EE{i

Attachment point Calculation

5]

[ c—

20234 EE |

Bracket / Insert / Backing Plate / Edge Distance ZiBB CEdMERINI D

sEARAI2ERME SAttachmentld. MSNIL R2&F& M ETEEDC &
Front Hoopld D =R —F10] IBU. /N1 TABRKRAETEZDLO—REaBLHIETDR L)

20234F &l |
Tubing&1& & Monocoquet—:\
Attachment CETE Y 555

Gusset Insert

Backing Plate

SCATDCE

Mount Plate

Parallel Plate ™ 1B/
Steel t2L4_E

Mount plate, Main Hoop & 5@%0‘)} &

Edge Distance

RAAEEREZSCAT D

[ 20234F &l
F.7.6.1

IPHADESNISNKD
1Y -tz ANdE

% 22U ED/Ny D TU— b+
NAE, INFRSZIEEC

BEEIRS, EREONG
RSZIEEICGEEAT DL

T /IO DI vIEETD

D FEHIT B DIEE
F.7.8.2

EeilvaN
Open Back’&
Monocoque

(==
F.7.8.2 a

®

S—
F.7.8.2b

\Z‘t LHDFEELHRD foin.?’é:\y




F.8 Front Protection

MonocoqueFF 8 &85 D Pick Up (& 1L (X Front ProtectionD 17 A X > X & [A] L)

FBH Structure

<& EEFA(CAD)

[ PR — [ —

EQ Atanuator and Dimgoasl EQ Aatilateazien Plara EEEITA - omracnnsar, Wing Duracn maar EQ Evpat Bulknuad, Comaosita Dimgoaal

EQ Fnyzical Toere

EIU A b 18 B b it

halean  Swsaawa faaw  Campashe ha Oueale; Haaaahissalest e Skela: Alealins AP

- e g Imaact ittanustor And f 0 Wing Failura Tust
r Ee i i e - oA Comavsite 4IF 120kN Physical Test

2
i
;
I
|
i

FEEEE1H]

EEEEEEEEEEEECEEEEaaqaqaqEce

IA-Type, FBH size C
Diagonal ERNEA R X 5

N%
Diagonal " E 355 1
F8.A3ERAAA A% EIRT 5

Equivalency of FBH

Select Structure and fill in BLANKsS



Equivalency of Front Bulkhead
Baseline/ \-f 2R &EE DI ETHDC EEEFHT D

(1) Flat Panelia &
Front Bulkhead® g5 *F L MDBulkheadm B LT
FBHS?MBulkhead B mm»525.4mma D /2L
&. Baseline 2 KETHEFEMIALS,

BLHOMLTHESNS
I
|
B | -
\ I J

!
|
SFRA A E LR 7.2.112 & V) Flat Panel #2E D &

FBHSER 4> |4 F.7 Composite ChassisD A JEAMEH 415 D T
ZTHboZEICANDLTHELZ E

Monocoque Bulkhead Dimensions

Wbiay noing

whiay peayying

Cutout Width

Bulkhead Width

Bulkhead

Front Bulkhead Support

F.7.2.

1 L shaped Model
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