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SESD C4r] ? VS

SES : Structural-Equivalency-Spreadsheet
BEDHFME (Z5EATD) TEE > FMESET8E (FATVLET,

OSESOER

F.2.1 Structural Equivalency Spreadsheet - SES
F.2.1.2 The SES provides the means to:
a. Document the Primary Structure and show compliance with the Formula SAE Rules
b. Determine Equivalence to Formula SAE Rules using an accepted basis

a. SESTEAESEZSIZ{LU. SAE RulesICZEHIL TWAZEEIRT,
b. SAE RulestDEZ4%ZiEBHT 3.

OSESOE&E

FSAEIL =)L, FEO)\—NIEAREE (Primary Structure) DN&AKIEmZIANSTERD
EOESNTHD, SESIFEEETL AN TEN LRI B2 D> — M THhd.
SESHETER(CINHETEFE T —INMEESZRHACFERL. T —LADOEGERIR/EDEL
Z[EEE T AIZENEIFOTVBES. TERLITREVERENSTEARE DS VSESZIRH TEDLD
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Shoulder Harness Bar Mgz'g :'tgap
©254 12.4 412
Fié’g%tﬂgio Main Hoop Bracing
Front Hoop Bracing N S 0254116
D254 t1.6 |
\
Front Bulkhead
D254 t1.6 'J/
Main Hoop Bracing Supportg
D254 t1.2

EHARMEE (Primary Structure) (3 —OBRIC RS\ DEr%ZE<FDIcbDERE DL,
SESEERZ/\ATERVEVDLEFHEEDZEEHIBRTERVVEIRREM 7Y
STLUTWVDEWDZEIABIRSIRV, CDmZ T AHCEFRL THLZE,
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2023 FSAE Structural Equivalency Spreadsheet (SES), includes Impact Attenuator Document (IAD) Steel Tube 1.1  AccF

There are two versions of the 2023 SES: Steel Tube and Monocoque/Hybrid/Non-Ferrous.

Aluminum equivalance may be used in the Steel Tube SES for Anti-Intrusion, EV Rear Impact, or Accumulator Containers and Mounting.

Steel can be used for any part of the frame in the Monocogue/Hybrid/Non-Ferrous SES.

F.3.4.2 - Any and all steel grades are assigned the same material properties. No material properties for different grades may be used in the SES.

Teams using multiple chassis in one season: Comment below the SES submission with a link to the SES for the second chassis, before the Action Deadline.

Only cells of this color can be edited. Enter all values as positive numerals.
Drop down options can be identified by the heavy border. Delete will clear the entry. |

Each entry, each category, each tab, and the entire sheet are coded as one of the following: CHECK N/A

The status of some cells depends an entries in other cells.

Keep a copy of the rules open to reference rule numbers directly while filling out the SES.

Fillin all =¥V =ections on ALL TABS. Start with any drop downs in the top left corner of each tab.

Replace example images with vour own clear, undistorted CAD, showing all required dimensions in a moderate filesize. Each SES file 26Mb max.
Read the additional guidance on the right side of this sheet.

F.2.2.1 SES forms must be completed and submitted by all teams no later than the date specified in the Action Deadlines an the specific event website.
DR.3.2.1 Submission of late, blank, incomplete, or previous car's SES will incur a competition point penalty.
DR.3.1.2.bDo not submit an updated document after the deadline without having the previous document rejected.
DR.3.1.2.bSubmit a comment requesting a rejection on your team's SES page on fsaeonline.com. Submissions or comments on FSAEaonline.com will send a notification to your re
DR.3.1.3 Please respond gquickly and thoroughly to requests for revisions or clarifications. Your team's response time influences Tech Inspection order.
IN.8.1 Bring an ELECTRONIC copy of the approved SES to Tech Inspection. It is your responsibility to bring a functioning, charged tablet or laptop. Bring backups. DO NOT F
IN.1.4 Approval of an SES does not guarantee passing Tech Inspection. The final decision about all designs will be made at Tech Inspection.
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Front Hoop (FH), Steering Protection
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Cover /S
BEARZIEZANDTS

Univerzity Name T
Team Name rJapathﬁﬂl

Competitions May - IC June - EV Other - Edit Ot

Car Numberz BLANEK

Team Contact(z) BLANE

Email Addrezzies) BLANK
Faculty Advizor Email Addrez= Chaszziz Rules Powertrain

__TOther Equivalence [&BRUF— A3 [2ct Drop Down | Select Drop Down BLANK

BIEHR : 12024 _SESHAIYA_EJAVI]
TSRUTSESEFRISCE. || _auy to submit for review?

SRR TR LR ELANKE  BLUE: NO. BLANK ENTRY. INCOMPLETE. CHECK ALL TABS. BLANK
LRSS TE e ELAME  This will not change until all required entries are filled out. Check all tabs.

SRS NTASS] ELAME  Incomplete submizzions will incur a penalty.
F.2.4.3 Welded Inzertz Qs
F.5.12 Bolted Members [sIRANS REJECT

OKZ/R9

YELLOW: YES. CHECK ADDITIOMAL EQUIVALENCIES. CHECK ~IF
Some entries require additional tubes or documentation. LiF
Once these are added, document is ready for review. D

mm Units

b — NMcEBHESIHZA AL, BT mmlEEIRL,
[BLANKIHD'#EWKLSICTDTE, —— R 3EEDREESDHESRCE, e
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|
25mm x 2.5mm

25mm x 1.8mm

B e e 2 Sl A

1. ICV'C‘(:I:%*iI’S’fﬂ’&\ EVTIIAccumulator ContainerzI®&x93

2. NMITOEDFEYITINERERREBES EHELSE
3. 4E25mm.ERBEEL.2mMm&EDNESVWNLTIILTR—’Le S

RAA22-T&£2002-T13.
ERCHULTEATSD,

Include alegend with & ditterent color tor each tube size and style.
Use the same color for all tubes smaller than 25mm (1in) diameter or
1.2mm (.047in) wall thick Thesc arc consid

(T.2.5.4). Cansider making them semi-transparent.

BEH AR I AlmX%=
FROERIGEINL TSV
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Front Hoop (FH) ——
AU BUBATELV IR T 3RE A RT3

BLANK ‘Front Hoop (FH), Pteering Protection
F5.7.2-3 The FH ru ; L L .o e=ch side. The FH may be multiple pie

F.5.6.2.b Frontview FH bends below the Upper 315 must meet a triangulated FEHS or 515 nod
F.5.6.2 All FH side view bends must meet a triangulated FEHS or 515 tube end.

n HIEA S DEER

e
b <=250mm (9.8in)

Include all required dimensions.

F.5.7 Front Hoop (FH} Minimum Tube Used

F.3.2.1.c Example: 25mm x 2.5mm round Size A BLAMNK
F34la Wall thickness: 2 mm BLANR

Square side: - mm S Good, but not required for nodes

Wall thickness: 20 mm = B
Square side: 250 oy MK = —
Tube cross sectional area (A): 173 mm*~2 ILAMNK ﬁfﬁ@ﬁﬁmw&ﬂr’ﬁ :Effff;:en::rsriﬁ:ﬁ
Tube second mament of inertiz {1}: 11320 mm*™4 BLAMEK rear Roll Hoop Bracing.

BLANK

ade—view bends must be braced with a
Ainimum 25mm x 1.2mm {1in x .049in).

~u/- 20 degrecssme®
side view angle at

F.6.3.5 -Hrearward lean above Upper 515 <= 10, ar braced: ‘ degyees any height.

Rearward Front Hoop Brace is not requireth

IO T—FFZAT TV T EUBLCE
250mmLEL T

‘FHERFT VUYL DB
250mmBlFeld, FHiREATPU>JaiflDIERE (PI<T)
FHORBE[X2HFrEE IS, AELIRUTHOTH

Z208ELL
BE20BAT FER RS 2D E

- S [ chSEEUICEREL. SELCANUESENELVZ L ETRET
SFEEEFATICE.




Front Hoop (FH) Main Hoop (MH) =2

W\ Front Hoop (FH), Steering Protection BLANK Main Hoc-p (MH)
F.5.7.2-3 The FH runs from the lowest frame member on each side. The FH may be multiple pie
F.5.62.b Frontview FH bends below the Upper 515 must meet a triangulated FEHS or 515 nod Shou |der Ha rMmess Ba r (S H)
F.b.6.2 A&l FH side view bends must meet a triangulated FEHS ar 515 tube end. & i = : =

2023£E)b—)bas:'r "
F.5.6.2 Roll Hoops $iRZEEN

The Main Hoop and Front Hoop must be Triangulated into the Primary Structure E/IYVOEHRLGOTERDOL !
with structural tubing.

The Triangulation must be at a node in side view for:

a. Bends in side view

b. Bends in front view below the Upper Side Impact Structure F.6.4, £7.5

A
>\

All Roll Hoop bends between the Upper and Lower SIS = ’
e o o o e gREs BN WD . ERTEN > TLSBA
\ ode = b

UpperSIS

Roll Hoop®UpperSIS& DT
TEAMTHMN DL HDIBE",
FZ%NodeE U TREMT=A
BEETESIINERSEN, —

D@ R

IE@yT

-F.5.6.20E& M. SES(c_}?ﬁﬁéTUTJI/ LM TERLFT,

FHRMH(CHITH' % DmE . Y= N A THECR2T — AN HDET
(SESHDTIVICMEZ AFI9 BIEHE (FHEW)




Steering Protection PESS,
L AUZBBEN IELWV\CL 2 iR TS ORIt I 8L

Below®fl. Protectionh" i EL 123,

Steering rack D&% &R

F.6.2.5 FHrearward lean above Upper 515 < Y
Rearward Front Huup Brace iz not req

F.5.14 Steering rach ic inside the FBHS? |
Additional steering protection required the FBHS.
F.5.14 Steering Protection Minimum Tube Uzed
F.3.21.n Example: 25.4mm % L.2mm round Size C
F.ad41.c Wall thickness: 1.2 mm
Sguare side: 25 mm
Wall thickness: 1.2 mrm
Square side:  25.0 il

Tube cross sactional area (A6 oz mm*2
Tube second moment of inertia (I);  5E695 mm*4

-Steering rack"FBHSICX U TECICEDfF 13BN 2hZ1ER, (inside. above. below)
-above. belowDig& (. Protectlonb‘Eﬁéhéo

JNATRAR. BAXE %)UJL/ ENZRIIET A, KEZRZDE,
-insideDiz&(d. TEFT A TEROHZRN,



Front Bulkhead Supports (FBHS), Front Hoop Braces (FHB)

sEC AUEUEN IELW\CEZRESR CEREZ T I DL

F.6.2 Front Bulkhead Support (FBHS) Minimum Tube Used
F.3.2.1.b Example: 25.4mm x 1.2mm round Size C Round
F.3.4.1.c Wall thickness: 1.2 mm

Outer Diameter (OD): 25 mm

Wall thickness: 1.2 mm

Outer Diameter (OD):  25.0 mm
Tube cross sectional area (A): 91 mm”2
Tube second moment of inertia (I): 6695 mm”4

F.6.2.3.a Top of FBto Upper FBHS tube, 50mm vertical limit:] ~ |mm

BLA

F.6.2.3.ab FBHS configuration: A
Top of Upper FBHS tube relative to top of Upper SIS tube:] Above
Without Rear FHB, vertical limit 100mm above:
Rearward Front Hoop Brace is not required.

BLA

F.6.3.4 Top of FH to top of FHB tube, 50mm vertical limit: m

Rl A

F.6.3 Forward Front Hoop Braces (FHB) Minimum Tube Used
F.3.2.1.d Example: 25.4mm x 1.6mm round Size B Round
F.3.4.1b Wall thickness: 1.2 mm

Outer Diameter (OD): 25 mm

Wall thickness: 1.2 mm

Outer Diameter (OD):  25.0 mm
Tube cross sectional area (A): 114 mm”2
Tube second moment of inertia (I): 8509 mm”™4

Rearward Front Hoop Brace is not required.

F.6.2.3.b Rear Front Bulkhead Support (FBHS) Minimum Tube Used
F.3.2.1.b Example: 25.4mm x 1.2mm round Size C Round
F.3.4.1.c Wall thickness: 1.2 mm
Outer Diameter (OD): 25 mm
Wall thickness: 1.2 mm
Outer Diameter (OD):  25.0 mm
Tube cross sectional area (A): 91 mm”2

Tube second moment of inertia (1): 6695

BLANK
BLANK
BLANK
BLANK
BLANK
BLANK

BLANK

U O
> > > > >

N/A
N/A
N/A
N/A
N/A
N/A
N/A

FHB: 50mm (2in) max below

top of FB and top of FH. _
FHE
Highlight/trace/color-code +t1??mm {STSn} /-50mm (2in)
Upper and Lower FBHS. atupper is.
LOWER

Mo limit on number or size of triangles
between Upper and Lower FBHS.

FHB Rear FHB

LOWER

Upper and Lower FBHS may

have multiple braced bends. -

FHB Rear FHB

C.
BEEVH S,

EZohh5. BF-ADBEICETS/(5—->
(A,B,C) &EiRI B,

A : FHB & FBHSOUpperhBEhEnIMizLTLS
B-C: FBHS®OUpperh'FHB¢HRBLTWS

Fz. Rear FHBHY'HE |

/=D




Side Impact Structure (SIS)

sEC AUEUEN IELW\CEZESR CERXEZ T I DL

F.6.44b F.6.41 UpperSide Impact Structure (SIS) Straight ) : :
F64.4b Minimum Tube Used o Include all required dimensions.
F3.2.1e Example: 25.4mm x 1.6mm round Size B Round Highlight/trace/color code Upper and L-ower SIS. ' '
F34.1b Wall thickness: 1.2 17 Imm Bent Upper SIS must use larger tube whether bent in top or side view.
Outer Diameter (OD): 25 35 |mm

Wall thickness: 1.2 1.2 mm

Outer Diameter (OD):  25.0 360 mm
Tube cross sectional area (A): 114 127 mm”2
Tube second moment of inertia (I): 8509 18220 mm™4

Diagonal Side Impact Member

/
Upper Side Impact Member
tcompletely in zone) /
B ‘

BlLA

Top surface of Lower SIS to Lowest UpperSIS point >=240mm Alnm BLA
Top surface of Lower SIS to Highest UpperSIS point <=320mm| A m BLA
Highest and lowest are on the top and bottom of the Upper SIS tub m BLA
ructure.
BLA \\:l.mvcu Point in Cockpit {Lower Side Impact Member
F.6.4.1 Lower and Diagonal SIS Minimum__ Tu ed i St s e s e S e s e
F.3.2.1.e Example: 25.4mm x 1.6mm round . Size B | Round 240mm
F.3.4.1.b Wall thickness: 1.2 BLA
Outer Diameter (OD): 25 BLA
Wall thickness: 1.2 BLA X

Outer Diameter (OD): ~ 25.0 BLA COXBIIESEDERIESAD %b\
Tube cross sectional area (A): 114 BLA
Tube second moment of inertia (I): 8509 BLA

T.24.2 F.3.2.1.j Lapandsub belts attachments must be located on minimt

- dvIEY MOREE N EUpper SISO ARV =T
vy MORBIEL R EUpper SISOEREEV\RDIER

ch5z@EYCEBASEL. U TF OB RIVICANDUEBIENIELWLS
LT TEFEEZRMTIBIL,




Belt Attachment PESS

Wrapping lap belts around tubes is not acceptable.
o La p Be | t Atta C h m e nt Double shear attachments are preferred, but only one side is measured.
- Anti-Submarining Belt Attachment o™ ——= :

T258 Loo | Eyebolt Or Bolt Through Tube
- Shoulder Harness Attachment

Lap be Clip Through A Pad Eye
Fastenar shear streg| Bolt Th rough A Tab

Tl bbimlemmme

T A3

Anti-Submarining Belt Attachment

L =L 12745

T243a Wrapped
[B7— LR-BOLT& L TARL LT DEAER LT ) e 258 ~#P Eyebolt Or Bolt Through Tube
‘ L2 B4 rlip Through A Pad Eye
Fastener shear streg
“| Bolt Through A Tab
T243b Tab thickness > L ,-,.“..E.; N -
Wrapping shoulder harness belts around the SH bar is preferred.
Shoulder Harness Attachment:
T243a Wrapped
T.258 Lapt
) bé Eyebolt Or Bolt Through Tube
3p )
Fastener shear streg Ep Through Abad Eye
T243b Tab thickness >= | BOlt Through A Tab

- BNV NI TSGR EEIRL. ffE/2ASU CHEREUBZ ATIF 3L,
- AttachmentéIL — AOFFRE T BN DN B LIV — ARBRMT I DL
CRR—INBEF AR




Belt Attachment PESS

BERBERCERESOW Wrapped Lap BeltlC(EERHSNAVITERDTERDIL,
TV THRIRTER L,

Shoulder Harness Attachment:‘ Wrapped -

T.24.3.a 15000 N N/A
T.25.8 mm N/A
Pa N/A

0 0.00% N/A

T.2.4.3b mm N/ A
mm N/A

0 0.00% N/ A

| | N/A

Shaftt collars or welded steel loops are required for lateral location.

B TINCEEIEA D AR



Belt Attachment PESS

7AmI borL MeTubelCEE Eyebolt or Bolt through Tube MR BULETZA IV ROV NEB Dz T#E 9 (C. Welded Tube Insert
(With Welded Tube Insert) ZEWESE. Ty CHERE I S S (CEA.

B4 Critical Fastener(CfESCE,

PA R PEUERIL MR TEPERE.
AT HMEDUTS(ultimate tensile strength BX5|2iRDEE)

Shoulder Harness Attachment: Eyvebolt Or Bolt Through Tube

T.24.3.a Harpess Test Load:
T.2.5.8 Lap belt fastener diameter: BLANK Eljj 3-50
Lap belt fastener rated UTS: BLAMNEK >< UTS”tlJ_C}%}EH bk?ﬂlﬁ@*ﬁm (ItT\/Z) %/_.r\a-:to
i - G o L =] a P
T.243b N/A ~ | | B T
mm NSA o 4
0 0.00% N/A o I U 7T 4.
E g D ¢ \ — —
| WA A/ | N |
l I / L MTCRBT //
19— REL | B | guropae
A ;; Y- h%bgla:\ RV %6840, SRR -
OIFFT/INA THERTD (SS400i32=7 100, »0. ) = ;‘4 = — | LT, SEVEShE{ESY,)
PARI NREARIRRAG] o omorecrens
nLo BaaE
373 a b c D t h H 1 |e| g |n| da | 2] k SENCR=) HE
14— rHD (d) (&%) (BA0)| (Rl (BK) | (80| (80| it N kg
BL. 8z RALAH KD M 5 |26 | 16| 5 | 13| 49| 135| 265| 125 3| 39(08| 71| 2|1 40 | 0.392| 0014
T170y O BRIETY M 6 |26 | 16 5 | 13] 49]135] 265[ 125] 3| 45[08] 71 2[1 60 | 0.588] 0015
W o £ 2 410 i~ 417 22 2 41E 2Q £ 4 n') 4142 n nuf nne
“ . M 10 [41 | 25| 8 | 20| 7 [21 [415/18 | 4| 7712 112 4[15] 150| 1.47 | 006
714V MWith Welded Tube Insert) =

VARV BULEANIL FORIE - EARBIRR I DL




Belt Attachment PESS

AR MBS Clip Through A Pad Eye I NEBRYIBR L 7A R N B A IS (L 0 NOBIET 3154,
HALINTELE (TS5oyMENL TP AR N CHiRES BIALERS)

Shoulder Harness Attachment: Clip Through A Pad Eye
T.24.3.a Harness Test Load: 15000 N

T.2.5.8 mm

AIHBEFANDAFRE., BLANKTHEUTERL,

Pad Eye Cross Sectional Shear Diameter: mm BLAMNK
Base (Larger than QD or height): mm BLANK

T.243b

g I [ oy vy LA T o Le e vy
Welded Eye/Tab attachment:| Welded
Bracket/tab to tube welding must be on both sides of the pad eye/tab.

=
NEZBEITD . i -
! H5---55400, SUS304/SUS316L S45CH, SCM435H

(S8400i22 =70, 70A—b, Z@W7OA— b, FFA7FEERLTVET, TOBOXERE (£ 7¥) OTASIOBELTR, SHVEDE(EEW,)

B > TM10Y 1 IR FARN NEE RG] e v

il

1‘ — s — . . R 3 =

D ﬁ'z':g:b “&D‘ I I:'T ~ 2 "?3)’ el (&%) @w|En @0 @] @ ‘;:w(mi: Eks;!

i Egﬁjég M 5 [26 | 16| 5 | 13| 49| 135 265| 125 3| 39|08| 71| 2|1 40 | 0392 0.014
5 N M 6 |26 | 16| 5 | 13| 49| 135 265| 125| 3| 45(|08| 71| 2|1 60 | 0588| 0.015
74/1‘}b ho);g}%{yu I 2 20 £ 2 410 I~ 417 22 2] 46 2 I~ 4 a') Al4 9 u\ nw nn3
M10 |41 | 25| 8 | 20| 7 |21 | 41518 | 4| 77[12| 112]| 4|15 150| 1.47 | 0.06

|

» VANV OKE - (IARBIRTRI DL
- COFFFRITECIRO T, ZEA NZEEEUBLANKZEULTERL.




Belt Attachment PESS
i

TabZ7TU TN MG I 255 Bolt Through A Tab SESOEZELIA—NY NT(IEERA TSRV G /AN S T EoE=RBIAIC
£,

BLANK
Shoulder Harness Attachment: Bolt Through A Tab

W{' |~ i E=YaTalal Il

P15DOHIICHESTANDZE

T.2.4.3.a

T.2.5.8 Lap belt fastener diametern: mm BLANK
Lap belt fastener rated UTS: Pa BLANK

T.2.4.3b Tab thickness >= 1.6mm (0.063in) steel:] (1) |mm BLANK
Tearout--Minimum - Fastener spacing, edge, or corner distance: @ mm BLANK

Iai bllmlgul Wi Toos L U0_UTo ATIN Lo WA

Welded Eye/Tab attachment| Welded
Bracket/tab to tube welding must be on both sides of the pad eye/tab.

~ Q@ T2 TOs/)\ihEE
OTab AE

s ANUIEBYEZEEBA T &3 TabRE 273U EOBBD DO~ EEERRAUZONZBRR I B,

-SESDEBRTA—VY MTIKEEBATERVWFRZAEDZSE. T.2.4.3.alcfiELV15KN (lap&éanti-Subh 3
HBDIZEIE30kN) OMsEEZBEIHEZIIAL. TIEFTYALLTRIG TSI L.
-FRIE(CHL THIF A RICE /D BN S8 E RO

—T.2.4.3.C Not be in bending when the attached part of the Harness is put under load




ain Hoop (MH), Shoulder Harness Bar (S I/SEDD
S AUREUENIELWCEZMESR TEAXIIMZ T I DLE

BLANK
F.5.8.1 Main Hoop (MH) Minimum Tube Used EQ
F.3.2.1.g Example: 25mm x 2.5mm round Size A Round EQ
F.3.4.1.a Wall thickness: 2 mm
Outer Diameter (OD): 25 mm S
Wall thickness: 2.0 mm 2
Outer Diameter (OD): 25.0 mm
Tube cross sectional area (A): 173 mm”2
Tube second moment of inertia (I): 11320 mm~4
BLANK
F.6.5 Shoulder Harness Bar (SH) EQ
Minimum Tube Used
F.3.2.1.k Example: 25mm x 2.5mm round Size A
F.3.4.1.a Wall thickness: 2 [ |mm

-SH%ZBend TubelcUEIZ&(E. fIEH S
BBraceDBE (HE(E—H)

Shoulder Harness Bar do

ot require braces.

EQ

F.6.5.2.b Brace angle to plane of SH side view >= 30:|:|egrees N/A

F.5.2.3 The plane of a bent tube is defined by the straight axes on either side of the bend.

Shoulder Harness Bar does not require braces.

EQ
F.6.5.1 Shoulder Harness Braces Minimum Tube Used
F.3.2.1.1 Example: 25.4mm x 1.2mm round Size C Round
F.3.4.1.c Wall thickness: 1.2 mm
Outer Diameter (OD): 25 mm
Wall thickness: 1.2 mm
Outer Diameter (OD): 25.0 mm
Tube cross sectional area (A): 91 mm~2

Tube second moment of inertia (1):

F.5.8.3.a Main Hoop direction above Upper SIS, in side view:
in Hoop angle from vertical above Upper SIS, in side view, <=10:
F.5.8.2 Main Hoop Braces may run forward or rearward.

‘MHOAE
(SIS Upperh5TRRAE)

F.5.8.3.c EQ

d®grees BLANK

Main Hoop direction below Upper SIS, in side view:
Main Hoop side angle from vertical below Upper SIS:

L ]

BLANK = Ll e
F.5.8.4 Distance between Main Hoop ends, >=380mm (15|  [mmg BLANK * M Hﬂi?mwﬂﬁﬁﬁ mq‘)

F.5.2.1 Enter the tightest bend on any T.5-6 tube in the chassis (usually in the MH or SH.)

HE/MBHIFR

Minimum tube centerline radius:
Outer Diameter (OD):
Minimum radius::diameter ratio, >=3:




Main Hoop Braces (MHB), Main Hoop Brace Supports (MHBS) _/s&2
SCAUEMEN ELV\ LR R TERRE RT3

Main Hoop Braces may run forward or rearward. f

Bl A

F.5.9.2 Main Hoop brace direction:| Rearward
F.5.95 Angle between MH and MHB >=30 degrees: deg B ‘MH¢EMHBEDAE
BLANK

F5.9.4 Top of MH of MHB tube, 160mm vertical limit:] ~ |{mm ‘MHERSREMHBDARZRFTOES
F.5.9.1 MainHoop Brace (MHB) Minimum  Tube Used
F.3.2.1.h Example: 25.4mm x 1.6mm round SizeB | Round
F.3.4.1b Wall thickness: 1.2 mm BLANK
Outer Diameter (OD): 25 mm BLANK
Wall thickness: 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

F.6.6 Main Hoop Brace Support (MHBS) ~ Minimum  Tube Used

F.3.2.1.i Example: 25.4mm x 1.2mm round SizeC | Round
F34.1c Wall thickness: 1.2 mm BLANK
Outer Diameter (OD): 25 mm BLANK
Wall thickness: 1.2 mm BLANK
Outer Diameter (OD): ~ 25.0 mm BLANK
Tube cross sectional area (A): 91 mm”2 BLANK

Tube second moment of inertia (I): 6695 mm”4 BLANK




Helmet Clearance Head Restraint =2
SEAURBUENELW\CEZMESR TEARIIMZIRTIBDLE

BLANK
F.5.6.3.a Helmet >=50mm (2in) below Roll Hoop plane:{ ~ |mm 0 BLANK
F.5.6.3.bc Main Hoop Braces protecting Helmet:| Rearward @ Rearmost Tl‘langle
F.5.6.3.bc Helmet >=50mm (2in) below MH to bottom of MHB: mm BLA

T.2.8.3 Head Restraint =0 from rollover envelope: mm BLANK
F.5.10 Head Restraint Protection Hoop Used? BLANK
F.3.2.1.h Example: 25.4mm x 1.6mm round Size B M/A
F.3.4.1b Wall thickness: 1.2 mm @ M/
Sguare side: 25 mm NSA
Wall thickness: 1.2 mim M/A
Sguare side:  25.0 mm M/A
Tube cross sectional area (A): 114 mm®2 N/
Tube second moment of inertia {I}: 2509 mm™*4 /A

/ Rearmost Triangle




Fuel System (IC) i PES <

Strongly preferred: Locating the fuel fill tube on the opposite side of the exhaust.
F.9.1.2 Every part of the fuel system must be above the bottom tubes of the chassis.

N AR
A et AN WA

[E:218H
XECOIEBNEQIERBLIICRUERANET,

CINTOIERICHUT, EQERBLIITEIRT DL EVT'N/A"DIAEH(FEIRAE,
- SESYERKIF R T FRRIS > IW0BEH AN A DG E5T T TESRVEREEL.
cNS5DREZIRE(E. SESEULTCREBERENSEN 5.
12U REDIRMEIRTIEEICER I 3.




Do any regulated tubes use F.5.12 bolted connections?

T m

Any holes over 4mm drilled in F.3.2.1 reqguired tubes?

Does the steering rack interrupt any required tubes? -

AL

-Bolted MemberZz{EoicAii & v]gERMHB
JL—AlC4mmBL LD zH I TImEDWelded Tube InsertEsk
-Welded Tube Insertz{¥ofzSteering rackDEINiAFH

INRTOIER(CHUT, Yesh\NoZziEIRI 3L,

-YESTIZIRUILIZS . SESHOD[ Welded Tube Insert]HULLIE
[Bolted Members]D>— NI TAINKDSNBZLISBFHHIESNDDT,
B3I —MIMESIEZ A ITBE,




Rear Wing Mounting PESe

BLANK
F.5.11 Rear Wing chassis mounting locations: Select drop down:
Number of fasteners per wing mount, chassis side:
F.5.11.2.b Wing Mount Braces Minimum Tube Used N/A
F.3.2.1.0 Example: 25.4mm x 1.2mm round Size C Round N/A
F.3.4.1.c Wall thickness: 1.2 mm N/A
Outer Diameter (OD): 25 mm N/A
Wall thickness: 1.2 mm N/A
Outer Diameter (OD):  25.0 mm N/A
Tube cross sectional area (A): 91 mm”?2 N/A
Tube second moment of inertia (I): 6695 mm”4 N/A
F.5.11.2.b Calculation of buckling strength of MHB tube. N/A
F.3.4.2 Yield Strength (Sy): 3.05E+08 Pa N/A
Main Hoop Brace Outer Diameter (OD): 0 mm N/A
Main Hoop Brace second moment of inertia (): mm”~4 N/A
3race Length (Main Hoop to MHBS) (L): mm N/A
Mount distance to closest MHB end (a): mm N/A
Moment Load (Sy*L*)/(a*(L-a)*0D/2): N N/A
hanism:l Select drop down: | N/A A STRONGLY PREFERRED

lbs N,/A Single fastener at each node, rotationally free.
0

N/A No failure force required.
n
! Mounts rearward of the MHB assembly are completely unrestricted

NOT RECOMMENEDED

Mounts in the middle of the MHB or MH require a brace between the two.

Rear VV”f']g@ Eﬁ;ﬁ {3:\ Type—Aéﬁ@ All fasteners or mounts on a side must fail simultaneously below the MHB buckling force.
<HEID,
BF — AN Type-B/C/DDZE. ZN

Bv9 Y MCRENFNLE
ToBEFL P HERENT
W3,

NOT RECOMMENEDED - GUSSET MAY BE REQUIRED
Multiple fasteners within 1x outer diameter of the node.

%n@ j >( \J '\ Ed: < gﬁ@?iﬂ@@% All but one fastener must fail simultaneously below the MHB buckling force.

&
2 NOT RECOMMENEDED

ij%ﬁ$+§j\®ﬂy1ﬂ- (jfj_ ‘ggq:@ L/7C_s/-:(/ \o Multiple fasteners along the MHB.

Brace required between MH and MHB at rearmost fastener.

Main hoop brace @node ‘:HR Y ftj All fasteners not located at the MH-MHB node must fail simultaneously below the MHB buckling force
FTw3
\ o

IET > ARG

J




Bent Tubes /SR>

JL—LOBIND/ A T U T, TR/ A THRIEET L —ROAEEN30E LT
THdL =R DL,
XEREBDEF. IR TORZFITURITNERSE,

Top View

F.5.2.3 - Bent tubes need to be considered in 3 dimensions.
The plane of a bent tube is defined by the straight axes on either side of the bend.
Braces must be within 20 degrees of the plane of a bent tube.

Only front-view bends of the Roll Hoops are exempt from bracing.

Only braces for top-view bends of the Upper 515 are exempt from the 30 degree requirement. /\ ‘ “~ 1
]

£

Most required tubes carry axial load in a front or rear impat \ | MEU)

ﬂ In a bend, the load has to change direction. -|.¥ b [ %5 }
A brace is needed for stiffness and strength. 7 =]

The closer to the plane, the more effective the brace.

o>  — ol
N BEND PLANE _ g/(; %%Fﬁ

TEES - /h MNote: braces within 30° of
e . //\ max from PLANE automatically meet this re]
7

o = — RepLACE THIS ExaMPLE W TRvE

BEND Only braces > 20 degrees out of plandg

B 3% - Frame § .
30BN F&:EHYTZ—H v-illo @R
3D-CADICTAEZEHU \
ZORBERNTECE s .

26 12.19mm
T X 12.19mm

73 Y: 000mm

B/ TEF SBROCHD SR/ TRTE | w0
TIDTIIEL,. EBHOBR/ N1 TaE=ahtre 774 o et 30 (APTOP-
BEEWMH /N1 TER B, s Pt L O NTOE

8REKLSUO (BRI - 2018-04-27)SLDPRT PSS

774 )V:Frame Rearbulckhaed 1 30 (LAPTOP- o
SROKLSUO (BRI - 2018-04-27) 1747 7 7%
)LR;«“‘/AJDD

Support Pipe




GR.1.4 - Good Engineering Practice = s&>

JL—LAOROEHKREIVEE(E. AI\ND—FIvI%RITIE
(XIFRICTEERRODCE)
CD)L—)LERIIUpper SISKD REIT, I

DX DBBE254mmIU E DB ZEEN' D DIHE
DHTHD,

BEZ254mmDA >\ 75— hEduR e

Mo openings in the region below upper 5I5 height between the/ffontBulkhead =ndliE e ia0:) or between any tubes used
for Fuel, HV, or component protection may allow a 254mm (10in) diameter impactor to pass through.

The impactor will be held vertically and seek to intrude into the frame horizontally between the ground and the maximum

upper 515 height per rule F.6.4.4,

The top of the impactor will not be raised above the _

Any non-structural tubes per F.3.3 will be ignored.




J L — Istahkdl /S

F5cfl (FBHS-SIS-MHBS-SH) %#&Z& (LI — LMBMRZIRETDIL

Al Bl c1 s1 R1 D1 E1l F1
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|
Lowes Fans [ P—

T Lo B 1 T 0 o G 0 P 11 BB S15 W
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R2 — D2 E2

LR $45
ENGUNDS PO NEIECTION GROUNDS FOR REIECTION
F523- The P8 must e supported by a property
triangulated structure.
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SES (FMiB&tEE) H19>R

F.3.4.3 Welded Inserts
F.5.12 Bolted members




_‘_ﬁ

& Welded Tube Insert

?E?E’Eluﬁ(il«x'Fd) 5 h\'Fh
-Removable Tube (MHBS)
-HAE LT CAmmBl LD ZET 3154
-AIP Insert (AIPZPIPEICEIERI MFEITIES)
-EV Accumulator
-Steering Rack Pass

HABSEONAT =T, AhonyREREITIES.
AU TICED)N A TEEORITENMRIEN TWACEHETBRT 3L,

ZHIBRS. S — MOASHMENSEHETYes/NoHIEETNSDT.
ESHIFESN IR IRNTDABAZITICE

Any remaovable members
along required tubes?

1be Chassis BO133: Ye
ASSEMBLED

Any holes over 4mm drilled
in F.3.2.1 required tubes?,
Driver Harness: Ye
ibe Chassis BO134: Yes
AIP Inserts: No

EV Accumulator: No

C T 852 TOiEEEMRTRICL

FULL CROSS-SECTION INSERT

Does the steering rack

interrupt any required tubeg?
ibe Chassis BO135: Ye
FILL OUT THIS TAB.




Welded Tube Insert JES<

R EAE R —IRE—X> M B HUARNE 3 EE . CADFSTEREROK(EETERZIET DALV TRMI I DL

BIEREDIEA . -tﬁz-_\éhékdb\ 0 ¢BBHETHHUETCE

HALZDOHHBEME2RE—A> S
Note: Young's Modulus is given in MPa, not Gpa. @%f%ﬁi (55'55575[5]) 7&%3;]30)? |

Minimum  Tube With Hole
F.3.2.1 + TUBE + HOLE
Tube Insert
Material:  Steel Steel
QOriginal tube:| Size A Round
F.3.4.1 Wall thickness: 2 mm
Outer Diameter: 25 mm
Tube cross sectional area (A_1): 1.73E+02 - mm”2
Tube second moment of inertia (I_1): 1.13E+@% == == == 'FFInAA
F.3.4.3 Tube with Hole cross sectional area (A_8): r'rl”nAZ BLANK
Tube with Hole second moment of inertia (IJ): Bl RI' ANK
Insert/Collar cross sectional area (A_%): rTrnA2 BLANK
Insert/Collar second moment of inertia (I_!): rr'n“l BLANK INSERT

F.3.42 F353 Young's Modulus (E): 2.00E+l-1- ) G sl o)

Unwelded Yield Strength (Sy): 3.05E+08 3.05E+08 Pa
Unwelded Ultimate Strength (Su): 3.65E+08 3.65E+08 Pa
(Sy)

Welded Yield Strength (Sy):  N/A 1.80E+08 Pa

Welded Ultimate Strength (Su):  N/A  3.00E+08 Pa
Buckling Modulus E_1*_1<=E 2*_2 + E_1*_3:

Yield Sy 1*A_1<=Sy 2*A_2 + Sy_1*A_3:
Ultimate Su_1*A_1<=Su_2*A_2+ Su_1*A_3:
Bending FSu_1*I_1/r <= 4*(Su_2*I_2+Su_1*_3)/r:

Deflection Bending_1/(48*El):
Energy 0.5*Bending”2/(48*El):




Bolted Members VESe

Main Hoop Brace % Bolt ##t9 9% 5. LUFOFLBICHEL),
— RO\ TERIFE _EDOMIMEMRIENTWVBEZEEBRT 3L,
EH#E5 A, Double Lug Joint Fzl& Sleeved Butt Jointd2iENTH S

Figure — Double Lug Joint Figure — Double Lug Joint

_._-—-—'—"'_'_'_—._.—-— I
ﬁ /wme

e 378 In 1.D. Tubing

3716in min

welded into ends
of slay

Figure — Sleeved Butt Joint

dn 3 mn
e[e
Y

| |6 mm (1/4 in)




Bolted Members

AR EOBA . -tﬁﬁéhétab\ 0 LBFTETHILETCE
Double Lug Joint &#z[3 Sleeved Butt JointZ:#IRUTHSHETIE

Bolted Connection:

F.5.3.1 All fasteners for removable tubing require crush bushings through the tubes.
Inserts are not mandatory for outside sleeves and lugs for removable tubing.
F.5.12.4 Double lug joints must include caps on tabs at both ends.

F.5.12.3a Lug thickness >= 4.5mm (0.177in) steel: mm N/A
F.5.12.3b Perpendicular dimension >=25mm (lin): mm N/A

2TOTEZRFETRIZE

F.5.12.5 Double lug joints require a pin or fastener >= 10mm Grade 9.8 (3/8in Grade 8).
F.5.12.7 Sleeved butt joints require 4X pins or fasteners >= 6mm Grade 9.8 (1/4in Grade 8).
F.5.4.3 Any bolted non-suspension member must have an edge::distance ratio >=1.5.

Dimensions shown above from the edges of the holes to the end of each tube/tab >=1.5 x diame

F.5.4.3 Hole diameter / fastener size: mm N/A
Distance to tube edge: mm N/A
Distance to tab edge: mm N/A

Minimum edge::diameter ratio >=1.5: N/A
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