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Monocoque SESODYERY /SERD

« SES&EEETORN
SEST (IS4 D= DR ER (Laminate Testi Attachment TestZ )&
= DFERLENCTRT ZETEGMRFRD U R TV —I)L A NESZOETE D

#EAERET BBbLaminatetdBhX « AttachmentiB & Dsst
* MHENGSNIE
Bivst & BTest

Laminatesgit(WV > IOXK « UTS « TARERES OHIZ DT

¥

[ si%mum with SES R 5T TaRs ]

[ SES Laminate Test * Attachment Test FMDHaIEM

FRITHEGEZRET LTS

MonocoqueRHE « BigTestDEMESESANDICA ]4

MonocoqueR/EZ (CrEREWRIL—ILAEENRE D 2 I2iHE.
Tube FrameLXJ:(J%IE(Ek.%’EUGD_C\ j§<'f§j=g '

x FTREDFRD (X
EZE - JX X

F.4.1.4H)5. Monocoque&Test PiecelZRIU A1 =20 TRIESNTLVTARLLY
TJUT LI DOREREERCLARREE (SR CHE~1LE)




Monocoque SESODYERY /SERD

« Basic Procedure of SES input

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

4

@ 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

)

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

3

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

3

® Fill in remaining BLANKSs

* Of course, BLANKs may be filled when possible.



Monocoque SESOEARMLE X /5 /SERD
- FMESEBADERET S v N RIVRE

MonocoqueldTube Framell Ltk RHEiEH e 4

735w NCRIVIRE (F.4.4) TBaseline Materials/)\-1 2’ (n&) &
FMUALRSHIME - MEETHIBETEZTIEVNSERS

MonocoqueDEFEMMHFEADEARSTE(ZT S w N (RILFHiE (CE D <

/ ti{fﬁ%fﬁ v \gq% 35w N R)UBREMNERFF L SN CL B Section(TiER
SRIHAN' O (SR Front Bulkhead Support Structure (FBHS)
BT SO BEEITS Y N (RIVBE TBaseline/\-1 7 1K53 L _EDEI
M5320mm

y

Side Impact Structure (SIS)
BEEE(LTSY MRIVIBE TBaseline) \1 2K L _EDEI
FiRE TS w N CR)VBE TBaseline/ \1 1AK% L _EDEI
#BELTCTWBCZE(R7.3.2, E7.5.3, E7.5.4)

Panel Height

PRAROD £

>
Panel Width

SCEIFT (3 EE I AZIR = U TS MR A ZR2sD SN
Side Impact Structure DBl L EEEPT(FEEMAZIR = EE U TS MR ERs SR 0N




Monocoque SESOEARMLE X /5 /SERD
« 5w N \XRILD~TER & BDHHE

2024SEST IS v N R)LOBEAIEN &/MIES U < (FEEEO EBE5H. LiIEESNIC
FAOSPORNERNSDIEE. TDODETENSRHET D5

Select the minimum or average cross section far the FEHS.

Access hales ar single skins are nat caunted, and usually create the minimum c¢ross sectian.
Treat sharp cross sectional discantinuities (example: damper cutouts) like holes.

( FSAEIT I35/ ME(SBEE) TOAN TR HETS

12
- EEHETEEDI00%FIF UL, RIEEFCHRIEVVRKBERELRD
- BRIR(FZIVNE CANBETD

N Y
nE. THMEERRT 3128

EPrmE (S fRiRiEEENSkeDD &
£ 53 saroigaT(IRAR+E=/N)/ 2(FFHE TR

TAMBEOARYL(STE) & SESICEE#MT BT &
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F.4.3 Composite /S

o HFMAEFEHDE LR DFETDED
Tube Frame ToH U7 > IR AMEZOY)HEIHLBEDEZFER TESH. Monocoqueld
ED B IRETYIHBENKELSEND . EER(ICKBDHETE L HMust
B UED A THERIMOREIRENEEE (CX> THETHEE T D2, BRIJIFEEDHRERER A
(F—tNZ&1E(F.4.3.1b)

=&LaminateDAFREZEY (BRI D&
Primary Structure T 9 & Laminate®

F.4.3 Composite C:r I NE \

O#*EZE M (Quasi-Isotropic) F.4.2, F.4.3.6

QLB ER(Size-B Steel Tubed3-point Bending)
F4.3.3,F4.3.4 gge———=""
®Laminate Test (3-Point Bending) F.4.3.2, F4.3.4
@SESTR\SNYMHE(T7> 2 ZKE - UTS)
O AMRRE (SIS/FBHS/Acc.Protection/Attach &)
F4.3.5

EEFEEDEAMBE - T-Peeli®E F.4.3.7

Different Layuph'&a 155y — ~ZE R U TEEATD




F.4.3 Composite /S

O EFHLME--ERM
SESAITODSKIinE & (FScaling option(Test PieceDEEMS) =2024BRABEFTNIEX TL\D

Layup Used:l 515 F.4.3 Composite

Monocoque
Core thickness:mm
Scaling option, layup repeats: 1 Duter skin thickness: 3 i
Scaling option, layup repeats: 1 Inner skin thickness: 3 i
Panel thickness: 18 rmmm

AN

EHEE (CEHN B Laminate(dTestZ 17D fzLayup ScheduleDEHUS TIRIFTNIIIRS

(1plyEBEIDESEE (FEZF S Z R DN DD 28H)

NI L1 L0 1L ) L 4 s~ e .. I
— Ny
Sking: Outwr=lnaw ] Entaranaskin anty. Arazl I — == \ Shins: Outwr=T1ne | Entarans skinank. Arazl
Diractian Intagar Waisht 2 - -— ﬁ Diractian Intagar Waight
atarial ldegrasz) [dagrassl Fihara in ply: le/m2) Inztanca S starisl [demrass) ([dazraas) Fibars in pl le/mr2) Ingtanca
P I [ il - alaacs 200 2 YT 1 ] il - alanca] 200 2
actoa a5 s il - alance | 200 N S~ arion a5 I sl P aace]| 200 2
o m w il T e | 200 ? M = e m 0w il AR T
ik [E el J/n e e RV L sl
0 o

b ]
] ]
1 ]
0 ]
o ]

Tatal bath skinz: 2300 u Adibark:

Tatal bath zkine: 3200 1B d-fikars:
FAZ  Ter hasic guasi-iseteaic liraas ar [0 -45/00/-45] aad (0607 -E0).

FA2  Two tasic quasi-isotreaic lpuas au [0+ 45700/ 45] and [/B0S-50]
Quasivisotoaic is used to descit e laminatas that nara idantical tansivn modulus in tha dicactions chackad
uziag maticss. |1 avactics, tha st uctions istwesn muasa cud angls is ig1oesd for quasi-isetroaic liyu as.

F2.12h Tha SESdafinastha angkswhara FA:3 48 cianfarad
For 2023, 0v0a erties in eith e thu 80 er G0/-ED divectivn s must hu at luast S04 of the D dicection.

Estimatus bulow art coalud to 100% in tha D dicuction. Exbom aly low walu ur discod =god.

Many seavinl ang sccuatanls iy as siaee 2008 cota cagd 3 CHECK coadnat (nolvw 508 in som o ot givactios
B vkin of [0_Uaif30_Unil fails 514 G eod Enginusding Practice. Ui olies pa thaic owa hava low stayil

Foethia skiaz, halarced alies geawsall wacless uaiand increass avpastiss i apa-uaidicectional dicactivas.

FAid Dicaction al chack,
SKINSTIFFRESS ESTIMATE (GP3)
abimction: 45 Fre 100%
] e} 003
a5 e} o0k

SRINGTRENGTH EATIMATE [WFs)
Wum: D 652 %
] 552 100%
5 B52 100%

0 g 1008 ] 652 1008
135 Fre 100% 135 552 100%
a Diruction: 22 s 52% Win: 113 E E=

Skin Moduls Estimate [GFa) Skin UTSEstimate (MPa)

=
——Stin UMT$ Estimals
— lverige Panel Failure
——90% Panel Failure

o
——Fane| Maduluz Exlimale
——dhwerags Panel Mod ulus
—— 0% Fanel Madulus

FFE EDEIENME T

=EZHEDREK
2024SESTEH

+60°3K/z(F90° 75 M (C0°HFD

50%LL £C3

B9 B(SESHComment)

BEBUETIFIRVWEZENE
4 CDifferent Layup& LT

Quasi-isereoait is used o duering lamiaates that nave idsatical teasion modulus ia tha diractions chocked
using matrices. In g ractice, the caductions butwaan messueed anglus is i oced for gu asi-isotroaic lruas.

F212h Tha BEEdafinasthe angles whara F43 G isanfarcad

Eor 2023, a<pandtine ia sithar tho 8D o EI/ED divactions must ho ot luast SO of tha D diructicn.

Estimaras bulow aa sealod 10 L00% ia tna b direction. Exteom o low valu s discouagad

Wany sensinla and scceotat la laruas sinca 2018 ety end @ CHECH cuad out (slow 508 in soma other direction
A& skin of [0_UaifO0_Ua{ fails G.14 Good Enginssdiag Practice. U ni aliss 0a thuic own nave low stanlty.
Foethia skinz, hakaced alies geascally eacloss u i 3d ircruass arcaetios i1 apa-uaidicuctisaal dicuctisaz.

FA34 Dicactiaal chuct:
SKINSTIFFHESS ESTIMATE (5F3) CHECK
aDiactioa: D

SRINSTRERGTH ESTIHATE (MP3)
o 2 0%

Wi

] 133 00% ] 2 100%
i5 111 a5 EDL %
] i3 0 2 008
135 11 135 08 E123

a Diruction: 2

Win:  ME b s

Skin UTSEstimate (lPa)

Laminate Test TYIHEERDZ & =

—— Panel Maduluz Exlimale ——5tin LT3 Estimale
—toverage Panel Failure

—— 0% Panel Failure

—— dvveragz Panel Waduluz
—— 9% Panel bod ulus



F.4.3 Composite /S
@ Steel Tube 3-Points Test =X MF—4SDAS]

1
Paste in logged data from test below:
Use mm and N, paste values only.
Itis acceptable to resample the data at a lower
frequency to reduce the number of datapoints.
Repeat the energy calculation in column three.
The graph should automatically generate.
The formulas should automatically propagate.

wBEEHBNOND IS CLTHELZE
S H O Z R (CHRez U CTH XL

I

aitoni WAL U0 oWes @i\‘-ﬁﬁﬁi(mﬁ&ﬁﬁ)’&@ﬁl”?5 )
mm N J -2.84E+02
E : (R || RRT R EEBEEENES
. — \ -5 et . 0.00 0.00 =y 3 4= o N N
Test Rig& A& Spankrd 20 — )L % oo 15 oo o0 || ETRIDRPGE TLORNDTRE
Bl A RS J — 000405  -12299 000 0.00 DFBEETHTED & Y.
- 0.00573 -1.45987 0.00 0.00
0.00737 -1.15977 0.00 0.00
0.00906 -1.53145 0.00 0.00
0.01071 -1.09855 0.00 0.00

0.01238 0.75603  §0.00 0.0

0.01406 1.75787 §0.00
0.0157 431078
( 0.0174 5.77078
_ 0.01905 7.56844 i
2024SESHh\5 00207 9.77582 0.00 0.00
e —_— o

SESEMA(CT'S TRFMBMENIZ, opios 128878 [on0 000
;_g%lba—a & QEJJBI\J (:}E@éh%o 0.02572 1525291 §0.00 0.00
- 2 . 0.02743  17.03223 §0.00 0.00
i AN AW (7|' )=5) |/) (& 0.02902  18.50953 0.00 0.00
o . R . 0.03072  20.56926 §0.00 0.00
JA—<Xv hES EUTRejectd D 003241 2243157 J0.00 0.00
\ 0.03402  24.02636 §0.00 0.00
0.03574  26.16495 §0.00 0.00
500000 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 0.0374  27.74346 §0.00 0.00
Force (P) XY A Maximum Linear Elastic SIS . 0:00 o
0.04074  31.39499 J0.00 0.00
If additional images are necessary, they may be placed below each section. 0.04238  33.73969 §0.00 0.00
u 0.04406  35.79788 J0.00 0.00
Steel Tube 3-Point Test 008573 3746491 fooo 000
F.4.3.2 Minimize deflection in applicator and span fixture. 0.04739  39.37881 J0.00 0.00
All entries on this tab are in Sl. Inch units are calculated only for output values. 0.04906 41.4975 0.00 0.00
0.05072  42.87376 §0.00 0.00

F.4.3.1.a New steel tube and composite tests are required for new monocoque builds. 0.0524  45.11401 J0.00 0.00 ——— —— —_ N
Logged tube data only is only necessary on one of the composite tabs. 0.05407  46.62231 J0.00 0.00 'fl:l E (gﬁg 4E_I-H§ (L_ ' ‘ D t Td\ 5 %

0.05571  49.11248 J0.00 0.00 -




F.4.3 Composite /S
@ Steel Tube 3-Points Test 3FHHZEA

If the ateel tube iz on anathar tab, type the name of the tab:

2024 TEEHD

F4.21 Dates thests:l 2023 12.27
1u F434a tdetallic load applicator 50mm [2in radios): 50 mm \

Tube Support Span =400mm L:| 400 i D ff t L z %g &F 4 3 C m t 9 7 b E g 5

F42.32a Murnber of tubes =2 n: H Round I e re n ayu y O OSI e ﬁ D \
Wiiall thichness (t): 1.2 1.6 M ~ “ —
Cuter Diameter (O0):  25.0 254 [mm 1 d) ~ —~— '\ 77— LT( EE -I_a_n(ig L
Tube oross sectional area (A): 114 120 mm*E j J — (. A ,L\ \
Tube second moment of inertia ([):  E500 500 mm"d

Enter esact values for minimum and masimum load/deflection in linear-elastic region ﬁ%an91\d) \\J - I\ T‘\ (g:E:\L-I;\ ént—: \\J - I\ %*EE jn(i& (/ \
X1, X2[FENZEVURAZEMEBDIN R ERRDEAZ AN T D

. Mazimum displacement ==10mm:
Test absorbed energy. 18mm deflection lintegral Pidi}:  pop

vl to y2 Displacement from bending (P*L*3/4B*E*):  0.00L  mm
Local crush [PA2*RA2HAILE* pit Sy 2t 172)):
Displacement from shear (D.E*P*0.5*L*chape/AtD.2*E):
Displacement from test rig:

2024SEST(F1DDY— + Tk I NUE
Different LayupldZ®dD Y — ~Z SR I DT TR

BLANEK

Mazimum Force (<= LOmm displacement): 6441 N
Mazimurn Morment (P * L/ 4): 6. 44E+02 N*m

Plastic Deformation Stress = (M * ODV2) / (no. tubes * 1): 421 MPa

Rules Baseline UTS: 385 L3L.60%

Fthe steel tube ia an anather tab, type the nams of the tab \r the zteel tube iz on another tab, typs the name af the tdh:[ TestLaminate
Fasi Dates of tests | BLANK 1 Dates of tests:
TE00 nFdsda Metallic Ioad applicator 50mm (Zin radios) mm BLANK u Fd-?da Wtetallic Ioad applicator 50mm (2in radius): mm
T Tube Support Span =400mm L. mm BLANIK Tube Support Span =400mm L mm
Fd4iZia Number of tubes =2 n BLANK F4.3.2a Number of tubes =2 n:
00 Wall thichness [£): 1.2 mim ELANK Wall thichness [£): 1.2 m
Outer Diameter [OD):  25.0 mm BLANIK Outer Diameter (OC):  25.0 mm
000 Tube cross sectional area (&) L14 mm" Tube croes Gectional area (A} 114 120 mmt2
Tube second moment of inertia (: 8508 mm"4 Tube second moment of inertia () 5500 B500  mm"d
500
2000 Enter esact values for minimum and maximum load/deflection in linear-elastic region
4500 0.5
1.5
F4353h Waxi displ t =10 20
L] aximum oieplacement »=1 mm Fi433h Maximurn displacement >=10mm:
Test absorbed energy. 18mm deflection lintegral P(d)):  D.00 e
3800 Test absorbed energy. LBmm deflection (integral Pid)): 0000 )
( vl tay? Displacement from bending [P*L*3/4BE*l):  ¥DP/D! mm
ENT] Local crush [P2*R™Z*/TLE"p S 2 "2)): DN/DL mm ¥ltoy2 Displacement from bending [P‘!_"EHB‘E‘I):
Displacement from shear [0.5*P*0.5* " shape/AP0.3%E):  ¥DN/TI Local crush (PA2*RA2* /L6 pi* S22l
50D Displacement from test g $DN/DI #DIN/D! Dicplacement from shear (D.6*P*0.6*L*shape/A*D.2*E)
Displacement from test rig:
000
1500
1000 Masirum Force (<= LOmm displacerent): 6441 M
Waxirmum Moment (P * L # 4): D.0DE+DD N*m Maximum Force (<= L0mm displacement): 6441 N
200 Plastic Deformation Stress = (M * DD/Z) / [no. tubes * [): #VALUE! MPa Marimum Moment (F * L7 4% 644E402 Nm
o Rules Baseline UTS: 365 #VALUEL  #VALUE! Plagtic Deformation Stress = (M * OD/2) / (no. tubes * [ 481 MPa
Rules Baseline UTS: 365  131.60%
YL 100 200 200 400

Farce [P @




F.4.3 Composite

/=D

® Composite 3-Point Tests T XA RSF—SFDAS]

Test PieceD~TEMNDMNB &
Y5 (CIR(ESetupE 2T TIFNDMNSIRVDT
%Zga)ck :j (:BIJIIJ\\D\tEgE L/L\

REERADNBLSICLTECE Reqire
| LEDHHERFCREL TEER =

[ Test RigEh & SpanzRnd Ao —)L%z&
EFFRR 9 D

(= 55652024SESH'S
SESEHKICT S TR SBIENTE.
S HEANT B EEBNICEEENS.
ZNMSDI'S T (B, BIEIHRE) (%
\7#—7“} MRiES & UTRejectd S

zo0 400 B00 200 0o 1o om0 1m0

Forca [P @ ¥F A Maxlmgm  —— Lheas Bk

If additional images are necessary. they may be placed below each section.

Composite 3-Point Tests

F.4.2.1.b Minirmize deflection in applicator and span fisture.
All entries on this tab are in &l Preferred units are calculated only for output values.

F.4.32.2.a The flat 3-point test panele measure 275rmm % S00mmm or L38mnn s SD0mm.
The top and bottom shin must have equal surface area.

Panels must have bare edges. with the core exposed.

Etch teat date, layup name, and peak tezted force into the panel.

The intent is for the monocoque and test panels to be built at close to the same time.
with the same materiale. by the same team. for equivalent material properties.

M.

%00

Paszta in lagged data fram tezt belaw:
Uze mm and M, pazte values anly.

It is acceptable to resample the data at 2 low
frequency to reduce the number of datapoint
Repeat the energy caloulation in column thre
The graph shaould automatically generate.
The farmulaz zhould autamatically pra

Ji

AR
B6.23 1.80E+D3
J L

0.0D

T -0.6555 0.0 0.00
D.0DDET  -D.7E50L | 0.0D 0.00
D.ODZ3E  D.7741E | 0.0D 0.00
D004l D.52675 | poo 0.00
D.OD5EZ 052231 Jooo 0.0
000752 147206 |ooo 0.00
D.00BLE 170086 oo 0.00
DOLDES 204771 J oo 0.0
DOLZEZ 276756
D.OL4L7  2.B3ED6
D.OL5ET  4.3BO54
D.OL748  5.03381
001817 5810
002083 51736 |
D.02Z45 741084 oo 0.00
002415 B.22864 oo 0.00
002582 B.E047E |poo 0.00
002745 067263 oo 0.00
0.0282 1056118 |poo 0.00
00308l 114Bl6l |poo 0.00
00325 1218751 oo 0.00
003421 1347253 oo 0.00
D.0358L 1402057 |poo 0.00
D.037EE 1405142 | pop 0.0
003918 1618604 poo 0.00
D.04DBL 1650014 | poo 0.00
004253 17.6B14 | pop 0.00
004417 1875738 |ooo 0.00
D.04583 2005048 oo 0.00
D047z 203838 oo 0.0
004516 2158537 |ooo 0.00

D.05084  22.56861 |poo I |

D052l 2363621 | pop 0.0
005417 2462138 oo 0.00
D.05585  25.00245 oo 0.00
00575 2696531 |poo 0.00
D.05ELE 2744876 oo 0.00
D.0EDE? 2838278 |ooo 0.00

Rig(ESteel Tube Test&EE—THBE

Gﬁ%ﬁﬁi(ﬁlﬁ ERE)ZEEANTDS h

IR TRILE(FZEBEENBH
HEREPITETUINRVDTRE
HIRETHREDT & )

AEEERERCTOERDE




F.4.3 Composite /S

® Composite 3-Point Tests EEHIA L]
2024RulesTTest Panel D 7EESHRESNTZOTER I D&

e e WlayupMERASNIRAE DI 7 UNERSHIA (F4.3.2d)
P el Support Span wnmm[L) 400 mm

Panel Height = L3Bmm or 2?5mm [ 138 ] mmm

Ce t dfnmtp 11500 mm Pan IT

A LT ;”Z w9 OuterfilZze £(C9 D & (EBRDSetupb)

s dmnmetf ertia ([): 47021 mmd

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

X1,X2(FZNTNIRAZHEMEEDIE R ERRDEME AT D

BRAICEEZETAILEEA T DFE
Quasi-Isotropic T2 A U/ZPly Schedule&EDESZRETUL\D

¥2
madimumn tested force yman:
Absorbed energy at test panel height:  106.23
Single Size B tube gradient: 2415 Mfmm
Minimum panel height for vertical 515 El. unscaled layup: 176 mn

Est. panel mass. no resin: L.O4E+DZ g Test Panel Mass: L

Est. fiber mass: 1035 g Est Fiber Mass %: 51.75%

Derived shin modulus of elasticity E (delta_y*L"3/(48*I*delta_s)}: 5270 GPa — “ _
Ca 2 mm Derived shin modulus of elasticty £ 5.27E+LD Pa %} (’_ '\TET%(—}EEL\Bng-V\ G/T( . UTS(;QE}JE@H—ETESH5
D787 in Derived shin modulus of elasticity E: 7.64E+DE pEi a (@ / b _npn
Outer: L5  mm Derived UTS of shing o .g (L*F*r/4* I)) 4.72E+D02 MPa
D.0ED  in Derived UTS of shins < 4.72E+DE Pa
| L5  mm Derived UTS of gk . 6.B5E+D4 pei
0.0ED  in

o /c_d)/ I\‘CDE)KFeﬁ ELVPZ=X(CKDV7TE - UTSD\LJE)]_C\
/K BPOWEHIE=NZiZE, MDY — R TINsZZRUTWVDIA
BIEIAXTEERGEE UTHEMA T " Rejectd D

“BEATEEF. AFEEEULRVENDSEIR
T 5 : SISFHMDLaminate TAEL] &HIE
R — \ = F.7 Composite ChassisDSIS% "#&{F(_"Reject Y.

12



F.4.3 Composite

3 Perimeter Sheer Test

Test PieceD~TENDMNB &
$5(CPunch/DiedD~iEZERIT &

Test SetupEARZimF I D&

[ Dielz+HREEEHET 3 &
sERIBFE CBottom SkinhViEfit 9
. BEIEULEHRAITERRLY

(" =55452024SESH5

SESBEAICT S IJFRrMBIMENI.
F—HZEANTDEEEN(CHEEEIND.
cNBS DSOS I (B, BIEHRSE) (S
IA =Y MFREEEUTRejectd D

.

\eooo

wBEERBDNOND RS CLTHELZE
SHOEZ R T\ LU TH RN

ono 200 400 600 200 10.00 1200 14 .00 16.00 1200

- 2000

Fonce [P] Flen Poac

If additional images are necessary. they may be placed below each section.
Perimeter Shear Test
F.4.3.5.b The first peak must be used for skin shear strength for composite chassis properties.

Paste in logged data fram teat t
Uze mm and N, pazte valuez anl
It is acceptable to resample the
at a lower frequency to reduce
the number of datapoints.

The graph zhould autamatically

MAX 3.16245
22.1338 1D0763.8
mm N

0.00 0.00

.o U.F

0 D.15152
D.DDDEE D.35086
D.0D211 D.22200
D.DD412 D.44783
D.DD57 D.71346
D.DD742 D.18248
D.0DOL  D.BLl520
D.DLD7 D.323D1
D.01243 D.DETEZ
D.D14D7 D.32271
D.0157 D.4D386
D.DL743 -D.3D244
-D.22B22
D.D2858
D.DET3
-0.02050
D.18053
D.DOE45
D.51378
D.1D3BL
D.2780
D.20708
D.D746
D.11D34
-D.07252
D.20070
-0.27286
D.56767
D.22647

/[ HEREE (TR EHE)E
BEEANTS
I

D.0LOD?
D.D2D74
D.D2242
D.D24D8
D.D2574
D.02741

D.0201
D.D3D75

D.0324
D.03411
D.D3573

D.D374
D.03012
D.D4D71
D.D4241
D.D4412
D.D4571




F.4.3 Composite /S

® Lap-Joint Test

Shear Test(tZF AMTEE ) ET-Peel Test (HEERE)D@IODT A MEREEANTD
SHERFTEIZIIS K-6850 (B AMTERE ) XDOK-6854(REtRE) ERX<IUTNDDTSEZET

Lap Shear and T-FPeel Tests

F.4.2.7.b Samples must be tested in pure shear and T-peel.

F4.3.1 Dates of Shear tests: N,

F4.2.7a Shear force at failure or mazimuom tested force: 1] M MHiA

Shear test sample lap area:l:lmm"Z HiA,

Lap loint Shear Strength: Mfrm™2 MHiA

Lap Jvint Shear Strength: Pa HiA,

Lap Joint Shear Strength: pEi HiA

| T-PEEL F4.2.7.b Eond overlap length w:l:lmm HfA
o. 100% shear strength/unit length: Hemm M/
< p UTS of hing o g, 4726402 Nimm*2 N/
[+ SHEAR | Duter shin thichness: 1.5 mm M/
g OVERLAP Loadfunit length: 7DE.154 Mimm N,
(@] Fa.2.74d Safety Factor mm MHiA
F4.31 Dates of T-peel tests: N,

F432.7a Force at failure or masimum tested force: 1} M M/

SHEAR AND T-PEEL NEED TO T-peel test sample lap area::lmm"z N,

TEST THE SAME BOND OVERLAH Lap Joint T-peel Strength: M/mm*2 MHAA

Lap Joint T-peel Strength: Pa N,

USED IN THE CHASSIS Lap Joint T-peel Strength: pEi MHAA

F4.2.7.b Eond overlap length w:l:lmm MFA

100% T-peel strength/unit length: Mfmm MiA

UTS of 6hing oy 4. 7T2E+02 Nimm™2 MAA

Duter shin thichness: 1.5 mm M/

Loadfunit length: 7DEB.154 Mimm MFA

F4z.74d Safety Factor mm M/

FE.5 0.5 * minirum (T-peel. shear): 1] Pa

[Bond prep Process] (C(3iEED 03 minimum (T-peel shear: 0 00E400 Pa
TR (AREEX°RRAE) ZEEAD Z & e




F.4.3 Composite /S

« Different or Additional Layup
LayupHh'iEEE28H DIBE. SESMDF.4.3 Compositey — FEER UEEAREREZA D LT

S\ aE
- F.7 Composite Chassis
A4:B20(CRS — b&%ZE AL, &[ Layup Used: ] DPull-downX—1 —"5i8RIT D

BLANK Front Hoop Braces (FHB)

L L L L 1
1 Maote: Farces are Elwenin F‘E, not MPE ar GFIIE The height(d) of the moncogue comparison for Forward FHB must not exceed 50mm.
MMaterial E {Pa} &_Ultimate {Pa) BLANK
1 F.6.3 Frant Haap Brace Constructia 0 /A
~/)— I\% %l ’ ] F.5.4.7 Steel 2.0DE+11 ER Size B Steel Tubes Replaced On o aite N/A
TeztLaminatel 4.5DE+10 4.56E+0E Layup Us d = v
. =
TestLaminatez 5.27E+10 4.72E408 F 52 50% < Core < 1009 0008 Cors thickness: TeLarnste Pull-downCi24R
Scaling aption, layup repeats: Quter skin thickne:
Scaling aption, layup repeats: Inner skin th\'ckness
Panel thickness:
Half Car Width [Minus hales and single skins):

- F.7.9-10 Attachments / F.8 Front Protection
%[ Type SES Tab Name Of Layup Used ] [CE#E> — b&ZANDT D

8 N/A

Lap and Anti-Submarine Belt Attachments .
Type SES Tah Name Of Layup Usgd:| TestLaminatel M A
Hardpoint tyges M A
. . . | rrode

—_
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F.7 Composite Chassis

« Chassis& a4 51EBH
o ,

Uowscngoe vl

B A
¥ zn5

o AU B
HINNS

- e

| FHBSH FHBR SIS MHBSI ASPE] RIE
| <t - i ||| <tom - ommmen ||| b -omemm ||| T g ||| hE - e T - EEEE

F.3.1-5 Tube ChassisTMonocoqueZ &R U /=8N
THE BLANKIC/2D CTWL\BDTIESHTLIL

@ LayupEBDOYIHEAE(F.4.3 Composite>— h&ZEANDNDT &)

@ BRDLayupBOED T EEEBOEKRZ Lt

3 FHBSHEHMM4515E @ * (&Steering Protection

@ FHBEHMM4ETE @* (3B \DFHBHMEIRIGSDETESS

©® SISEHMM4EETE ®*(FTube SISOEKRIR%Z Composite([CEBEEHRX TLDIIBEEFEHATD
EVD-G EVEIREZEIDEM4ETE




F.7 Composite Chassis

« Chassis&E3PZEM 451
VAV ARSI TFERICRIERICEEEH T DFE

The SES can calculate equivalence for a full monocoque.

Eha LS Loulato dibcid -ma.lem:eff)rpanelsre;rlacingFBHSand;‘orSISdiagonals_
RIS T (e e
Accumulator
Containerz

EEI DL

([ gEhEE T AIEEE
BIORE(SEN L TR0
(BERE A IN—RICTDAE)

A\

XA D=-7E£20082-T13.
ERCHUTEATSD.

Include a legend with a different
Include a different color for each
differences in layup, core materi
Show the Fuel / HV system in ora
Use the same color for all tubes s
or 1.2mm {.047in) wall thickness.
structural (T.2.5.4). Consider maki

1. ICVTIIARIS > 2%, EVTIZAccumulator ContainerzXm;<d9 35

2. I\ TS FIEH> T EERTHEE
3. AE25mm. XIFAEL.2mmED/NSWWIA T (FZETR—&ETD




F.7 Composite Chassis

Front Bulkhead Supports (FBHS)

(1)I735v MRS
=58> — MIHEZEA TN Size C Steel tube3&7y &
FMHENFHI TN D
AJB1U7zPanel HeightDiEB¥l#R9 & &
(FAOENSDIZEETDEZRET D)

B2 558BMDSide View Height

(BEEEFSIET)

(2)(1) TEEEH 100%kiE &2 SHE OPTION - Half Car ~ %#FIBET3

) ) _ Half-car composite 7 Axi
Half-car composite cross sectional arealc(& cross-section depth <7 °

Skind & DfiEEZE A

Half-car composite cross-section depth(C(&
Btz >~ -5 DIME(ARER)Z AT

Half-car composite second moment about car centerline
(C(XEEMmt >~ —8l(ZEh)E D DSkinfZ (7D
Wi —IRE—A> MzzZ2 ANTD

Your Monocoque FBHS

Comparison

Size C Steel tube x3

KROTEE. TV M IRILA
half-car width(CH > TeiB& (T3
g BZ-AxisE D OWE —IRE— X
> hOOERERD, EDOEXRET
v N RIVICENTTZED &
Tube EDLEER &R B,
BA130%E (CUNRRSIRLD
T, 5V MNRILTHILT DK
S(CERETIT DT ENEF UL,

19



F.7 Composite Chassis /S
« Front Hoop Brace (FHB)

(1) oV l\} \o*jlliﬁ% Half-car width Centerline
=518 > — MTHEZEE A INUTSize B Steel tube & LEEEHI SN D \, 4
A UTzHalf-car widthdiR#lZ R & & <
(OB D BDIEEEEDTEZRET D) =50mm /T

I
i
i
i
FHB |
I
i
i
i

(2)(1)CSHMMEN 100%Kim L IxB51EE OPTION - Half Car ~ ZFIRAYIS

Half-car composite cross sectional arealc(& Half-car i@mpﬁsitit Centerline
i * = Cross-section nel A

SKinDJ» DEREIRE AT (s50mm) ? Your FHB : Size B Steel tube
Half-car composite cross-section height(C(d 0/l o]
KANSFBHEH R T E (= 50mm) = AN (ERSER) Z-Axis | g

. ZODBHE D DU
Half-car composite second moment about car centerline : %ngif h

i -~ [ .

(C(EZFHB & A7 9 B T i 7K (S D EhJE D D

SKiINnDHDMIHE —IRE—A> bzzE2 A9 D(ANRSIR) !
ComEa rison




F.7 Composite Chassis /S

« Side Impact Structure (SIS)
(1)TS5v MNRIVIRE
F4.4(CEDET T v N R)UBELIN T OFMEEER (X —TUIER2& 51720
=58> — MNIHEZEAITNS
Vertical Wall vs Size B Steel tube x2
Horizontal Wall vs Size B Steel tube x1

TEHMENTHIEND
(OB D DIEZEEZDTEZRET D)
SISE%=ab7)
Mai“n Hoop - Front Hoopf& (&
R IO TE FATSISTHB(F.7.5.1)
3=ueli:yaslis:: 2!
B I D _LE

HMS5320mm Floor®Panel Wldthttﬂiﬁ%d\mﬁdﬁ'ﬁ‘ﬁaﬁ@

A

Side view Height

Primary Structured®=CHBRoll HooplJRUNT
o EZ/4Driver ProtectionTh 3728,
Half floor width Rules(CEDWTCHE(CEHMEXIIAIT DI L !

PRARD LT




F.7 Composite Chassis /S

« Main Hoop Brace Support(MHBS)

(1) 35w M\RIVIE
=it8>— MIHEZEEA I MUTSize C Steel tube 24 & LB NS
A UTzSide view heightDiE#lzZRI = &
(FRAOSN S DIHZEETDTEZRET D)

EEEODTENEAND

MHBS/HM.Hoop<>MHB Attachmentfh"
Floor& CFlat Panel & H /X DiZE(E e
@dPanel HeightZFRU\T kL)

Ideally, monocoques

oo g Moo htexend Mot snied
— o Y e o Lerax \ from mid bel h B to aflat fl F
BEFTSv N (RIVBETEH ML= between the M may se i at panl height,  Secion andaresrongly
EIE Hﬂt“ gj—d:(/ \i%I/ZI_\(Z) (: j (/ \tODE& OO e Bt laminate directional strength.

(2)(1)THMMED 100% XK &1k 5%S OPTION - Half Car ~ ZFIHY 3
ABDTEPEER(EFBHS AR TH D I2HEIZE T D




F.7 Composite Chassis /S

« Accumulator Side Protection
« Tractive Side Protection
« Rear Impact Protection

(1)T 35w MRS
=T8> — MNIHEZEE A I NS Steel tube ELEEEHI SN S
AHUTzSide view height " &ESERTE CTHDEZRI &
(FAOEHDDBEEEDTEERET D)

(2)(1)THMMED 100% K L1k S51%S OPTION - Half Car ~ ZFIHY 3
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F.7.8-9 Attachments

« R AttachmentsDZEAil4EFER

Test setup
images

Anti-sub
Load deflection
Curve

S.Harness
Structure
(CAD)

PR iy

Lap & Anti-
sub Structure
(CAD)

Hoop Brace
mount

BEEEEEZICEEREEY

Actual Test section
Of Harness Attachments

Equivalency to
S.Harness bar
And
Strength of
Attach point

Strength of

Lap and Anti-

sub Attach
point

Strength of
Accumulator

Attachment
(Chassis Side)

Strength of

Bonded Steering

Strength of

F.Hoop Mount

Strength of
M.Hoop Mount

Strength of
Hoop Brace
Mount

EdEEER PSS EEREEEEEERERREEEEEREREE

Hybrid Chassis
Attachment

Protection
Attachment

Select Structure and fill in BLANKSsS




F.7.8-9 Attachments

/=D

« Harness Attachments

o Wenoconun —_—s
T262  Shouldarnacsss 175mm 1o 235mm 200 ] % I gEjlj_rl:T_l (L..} =
Shouldue att vuld e 90 dugrons 80 4
Shouldu narauss holt aagle (0 = asrallel to aanal]
F1102< w35 monocoque aanel neight]| 400 |mm
Sheulder Hacaess moaocoque aanel width:| 400 |mm -
Shouldar Har attachmeat test aaael height:| 400 [mm La p tAntI —S u b% 1 j
Snouldu Macgss attachmeat tust aznulwidth] 400 |mm
F11023  Winimam distance, fturuto load 125mm (492in)] 130 |mm @Atta C h T\\ j:tﬁ g‘ 5
F7101a Eorcu at failura o manimum tustad >= 30kN: ITTES25 W 7N
BEIXYES
Laa balt 3ad aati =

F710.14 Laa and anti-sub shars attachmuat o insad™] Yoz
F7191d  Mini a to anti-zut 125mm (4.92ia) o Nfh

F11d2a Miaimu to load 125mm (4.92ia); 130 mm
aimum tested >= 3DkN: 31776.525 N

F110.14 Forca
Swoarate dati-Sub
Samuiasedt desiga as laa or aati-sun™

Lap &Anti-subi¥ig
M CRUETRS
YES

oece at failuce o mauimum tested >= 15kN:

iiiii

F11d.1c Foece at failuse or manimum tested »>= 15kN:

FERSEEmNS
125mmBl EBENnTung
HENHD

HEEDH D MDD
(CTest Setupz
T R Yl e

SHERER (T ML HE)E |
EEAHNT S

J

Faste in logge test belfaw. It s acceptable to resample at ¢
frequency to redun ber of datapoints. Enter teat dates above
25,000 [Test date:[2023.12.27 N7A

Raulder 51775 525 3L77gEeE | A o
i N m N e 1

Lap

20,000

20,000

15000

10,000

w = = =

shoulder

25,000

20,000 P

P
2000 P \

BLANK Harness Attachments

Shoulder&Lap(FBEETO S JE NN
Anti-sub(Z/XWV\DT. BHTI S IERDZ &

2

6



F.7.8-9 Attachments /SERD

« Shoulder Harness Structure,Inserts (Lap, Anti-sub,7thPoint Inserts)
LEAlFAttachmentDF&EE TR <. AttachmentHhEXD £ 17 5B Panel(FE 7z (dTube) DEERDTHER
sCIRNBBYKRILF. 7 Composite Chassis & Bk
THIEAttachment®Di&EETE (Lap, Anti-sub,7thPoint InsertsEE4K)

-Shoulder Harness Structure, Inserts

Far comparizan to tezt reaults.

Shoulder Harness Attachment:
Size A Steel Tubes Replaced:
Type SES Tab Mame Of Layup Used:

H%layupdD>— hEZANTD

ABDUREIEZRRIDE

Core thichness: 20 M
Cuter shin thichness: 1.5 M
Inner shin thichness: 1.5 mm

Panel thichness: 23 M

Dierived zhear strangth, for comparizan and checking.
|l —— IR N . . - L P .
}E }J‘:b\ q\]ﬁtﬂ If aingla thickness attachmants are veed, core eliminatian iz expected to be minimized and highly lacal.

AREFDOAIDTEE ATTINE

Composite Panel Dimension (ntersecting Car Centerling):
OFTIOM - Secand Mament, Surpazzing Flat Panel, CLEAR GELLS IF MOT O

r centerline composite cross 6ectional area (shin only. no core): mm™2
Car centerline composite area moment (_skinparallel): mm"d

1 Steel Tube  Flathar L |_parallel

Shoulder Harness Attachment:
Type SES Tab Mame Cf Layup Used:

Maonocaque

TestLaminateZ

Fz41la Wall thichness: D.0DD24  D.DDLS  D.ODDLS Hardpoint type:| Shin-Insert-Shin
Outer Diameter / Panel Thichness:  0.025 0.00L5  D.OOLE m .
K Fastener diarmeter: B i
Cross sectional area [A): 1.73E-04 6.00E-D4 m"e
Second moment of inertia (); L.13E-DB &.0GE-DB md Humber of fasteners: 2
Fz4.2a Young's Modulus (E): 2.00E+11 5.27E+1D0 5.27E+1D Pa Panel thickness: 1.5 mrm
Ultimate Tensile Strength (S): 3.65E+D% 4.72E+08 4.72E+D% Pa Slin thickness - belt side: o mm
Shear: 2.11E408 0.14E+D7 0.14E+D7 Pa Shin thichness - opposite side: 15 mm
Buckling Madulus  E_L*|_1 <= E_Z2*I_2: 2.26E4D% Z.EEE4DZ 1EL.EE% Insert material' Insert thickness: 0 mm
uTS 5 1% 1 <=5 2%A 2: 6.31E+04 2.53E405 448.50% ( ' Ineert Porimet ' T
] neert Perimeter on monocoque: mrm
Bending  4*S_1*1_L/t<=4*%_2*1_2¢r: L.2DE+DZ 1.76E+D5 Bhpdey *%\ﬂ: —/E = — .
Eaching: Steel |2.0DE+1ll 1.7:E+DE : 2 20D0.00%
Deflection Bending L/45°ED: 1.20E-D2 7.41E-D3 61.86% JE(;RUleS(L1 D t F.78.6 Bac '”E mm
Energy F.4.2.2-% comparieon: 5.80E+0L 2.24E+02 400 .25% — Flﬂ T Baching perimeter on monocoque: Bk mrm
Flat Panel Properties Flat Panel Propertiee Flat Panel Properties Harness AttaChmentS(L x L/ Minirmurn - Fastener spacing. edge. or corner distance: on M

g:tt:: [[::? D.gijzls m i: gggg:gj ::; :: :gggji ::j (i;giﬁ%ﬁt“@gEHﬁ@@T\ Ealé Zhin shear strength (lf tested): 0.14E+07 Pa
Thickness D0.023

icknes o2 E i: Dnnggzs : ::: gizg:gg ::j “T (/ \n(j‘:\& D @i?EQ(:Td:% Harness test load / shear area = Min shear strength: 2.46E+D2 Pa
m
g

Inner [k}  D.0D15 Centroid  D.0L2 m lpy, 6.06E-DE m™d




F.7.8-9 Attachments

/=D

« Attachment Calculation

Gusset Insert

F7.8.8(C#HLT 2F

F.7.6.1.b §Gussets from MH along both sides of m

Backing Plate

C e

both sides of the MH go to the ounting plate. Mou nt Plate

Parallel Plate®i&fl

F.7.8  Type SE% Tab Mame. Bottom FH Attachment Layup:

F.7.8.8 Bottam MH Pcttachment:l

Fastener diameter:
F7BEar7 Mo. of fasteners [2 & Bmm):

Foame and other cores are not insert material. Panel thickness:

Insert material: Alminium Ingert thichness:
Scaling option. layup repeats: 1 Cuter ghin thickness:
Scaling option. lawup repeats: 1 Inner ghin thickness:

Tube gap frorm panel:

F.7.7.3 Brachet thickness:
Steel perimeter on outer shin:

Ingert Perimeter on monocogue:

F.7.2.6 Backing:2.DDE+1l 1.76E+DE mm:
Steel perimeter on inner shin:

hdin - Fastener spacing. edge. weahker layup. or corner distance:
Shin shear strength:

Fre1 @ Perimeter shear strength =4500DM:
@ Perirmeter shear strength =4500DN:

@ Tearout strength >4 500DM:

TestLaminat
Shin-Insert-Shin

2

2 mrn
oo

LE rmm

L5 rmm

B mrn

2 rmm

1ED rmm

200

2 100.00%

mm

u.14E+07 Pa
5.21E+D4 115.72%
B 2LE+D4 115.72%
EBEE+DM 146.17%

ZHLlayupdD> — hEZEANTD

AttachmentdDi&i&(F.7.8.8)

BEBTE

2 D D) R)VimE TDERE

Steel t24
Mount plate,Main Hoop &iBED C &
2024 TIIF.Hoop B RRD TER

(o

ABUVETEZINT
CADE|[CTRYI &

3o

Bracket

Outer skin
Insert

Inner skin
Backing Plate

-

Bracket

Insert

Backing Plate

©)

Fastener dia.

Outer skin

Inner skin

~

Perimeter Shear

Tearout
/

\ Perimeter Shear

28
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F.8 Front Protection /SERD
«  MonocoquelFaEBE7dDPick Up (ZNLLIMIFront Protection®H 15> X EED)

FBH

Structure
~IAEERA
(CAD)

EEE33E3 IITTTEEEEEIIE | $IITITTEEEE | I3

EEEEIIE

FEEEE1H]

IA-Type, FBH size™C

DiagonalBRBASRE D

)
Diagonal "% EIMZE (S o -
F.8.4. 3 &S EREIRT D Fgﬁlva ency o

Select Structure and fill in BLANKS



F.8 Front Protection

/=D

* Front Bulkhead, Composite Diagonal

(1)Flat Paneli2&
Front Bulkhead®550U\¥JiJdDBulkhead®Ed KT
FBHS®MBulkheadZEH525.4mm3 D/ RKIL
&. Size B Steel Tube 2 K& THEEHMTISN D,

BUADIITHEENS
|
|
- — .—.!—._. p\ Ju—
. ! J

EEBRAE(FR7.2.1(C K DFlat Panel a8 MDA

FBHSEB4>(4F.7 Composite ChassisO AJHMENMERETNDDT
TELSZGICADLTHELZE

Monocoque Bulkhead Dimensions

Biey nonn

whiay peayying

Cutout Width

Bulkhead Width

Bulkhead

Front Bulkhead Support

F.7.2.1 L shaped Model







