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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. SESTEAREEZZE(LL. SAE Rules|(THEHIL TVWAEZERT,
b. SAE RulestDEIZ4%ZiEBAT 3.
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Shoulder Harness Bar

Front Hoop Bracing
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Front Bulkhead
D254 t1.6
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Front Hoop
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Main Hoop
D254 12 4

Main Hoop Bracing
< DP2541t16

Main Hoop Bracing Supports

@254 t1.2
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2023 FSAE Structural Equivalency Spreadsheet (SES), includes Impact Attenuator Document (IAD) Steel Tube 1.1 Acc F

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.b Do 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 FSAEonline.com will send a notification to vour 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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Cover
HARZIEZ A TS

University Name BLANK
Team Name WS [Japanlésc A ]
Competitions May IC June IC June EV Japan [EQ T

Car Numbers
Team Contact(s)
Email Address(es)

Faculty Advisor Email Address Chassis Rules Powertrain
[Other Equivalencel&&RUEF— Al 7} Select Drop Down | Select Drop Down
BIER : [2023_SESHAYYA_EJAVI ]
228U T, SESZIER TS L. . .
overall Ready to submit for review? NO

R EV R NI RO ERSH BLANK BLUE: NO. BLANK ENTRY. INCOMPLETE. CHECK ALL TABS.
DRI IENIY BLANK This will not change until all required entries are filled out. Check all tabs.
RACTIRLIERIN] BLANK Incomplete submissions will incur a penalty.
F.3.4.3 Welded Inserts @REIWANNI
F.5.12 Bolted Members BRI NAYNI

BLANK

REJECT

SKY: YES. RULES EQUIVALENCE.
Document is ready for review. Double check triangulation. EQ ‘ OK%ERY

Sheet protection must still be active when submitted, or the SES will be rejected.
YELLOW: YES. CHECK ADDITIONAL EQUIVALENCIES.

Some entries require additional tubes or documentation. CHECK
Once these are added, document is ready for review.
mm . Units
\
D> — MCERESEREZA B, BT mm1Z&3RU.

[BLANKID#EWESICT BT, MIIIEmEDERHEESDhESIL, 5



Front Hoop (FH)

D AUSBATE LV E AR TR 3R AR T 5L

BLANK ||Sfelalt Hoop (FH), Bteering Protection

F.5.7.2-3 The FH runsfgm i .ol 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 SRR Turned steering wheel at max
F.56.2 AllFH side view bends must meet a triangulated FBHS or SIS tube end. Include all required dimensions. radius must be below top of FH.

Gap <=250mm (9.8in)

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 BLANK
Square side: =5 mm S Good, but not required for nodes
Wall thickness: 20 mm BLANK B
Square side: 250 mm BLANK — — 10 degrees max rearward
Tube cross sectional area (A): 173 mm”™2 BLANK ﬁ’go)ﬁimlizb,:ﬁ abovegUpper SIS without
Tube second moment of inertia {I}: 11320 mm*™4 BLANK rear Roll Hoop Bracing.

Ade—view bends must be braced with a
Ahinimum 25mm x 1.2mm (1in x .049in).

Fb.7.4 Turned Steering Wheel minimum below FH top: mm

F.5h.i75 FH to Steering Wheel gap <=250mm (9 &in} mm

F.5.7.6 FH side angle above Upper 515 <=20 degrees: degrees
/20 dggregs met
side view angle at
F.6.3.5 “Hrearward lean sbove Upper 315 <= 10, or braced: degrees any height.

Rearward Front Hoop Brace is not required.

2OV I—FRAT PV LUBINCE
250mmELTF

-250mmBL F&ld, FH&#RE AT 7Y > D Hi 2k
‘FHORAEI2hFhEE &I S, AENPEULTHOTE
RERRIE2HPRHE

N5z@EYCBAZEL. BRIICARDUIEEBIED IELLCL
ZHEETEIHmMERTISIL,

BE20ELLT




Front Hoop (FH) Main Hoop(MH)
ES

Shoulder Harness Bar (SH)

SW-W Front Hoop (FH), Steering Protection

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
F.b.6.2 A&l FH side view bends must meet a triangulated FEHS ar SIS tube end.

e i ey s

()]

| 20234 #i |

* Main Hoop (MH),

~ 7\

ORY,

All Roll Hoop bends between the Upper and Lower SIS -
including front view- must meet a triangulated structural

tube in side view. All side view bends above the Upper

SIS must be braced. I

_ 2023<F)L—)eRsT
F.5.6.2 Roll Hoops $iAEHEM

The Main Hoop and Front Hoop must be Triangulated into the Primary Structure
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, F7.5
fImE R
= - ! R
....... BN EEELD WERTEL > TSRS
> Structural Tubing(ff) WERICHS T T TN

&

/

’J

yd \

o m—

BiENode & L T=AlEN 8
BEELD

Roll Hoop@UpperSIS& D TF#
T'EBRTHMA DN HSBE".
FZENodet LTRIERT =M
EEESRENEESE.

E/JvOEHFIEOTEREDI L

IEm#R

-F.5.6.20E& 4% . SESICRMIeNZIL - AR TEBRULFEI,
(SESHOTILICiEZ A 19 RIER (FHEW)



Steering Protection 20234F it
SCAUEUBEN I EUVWCE AR TN EZ T I AL

Additional images may be placed i

N ront Hoop (FH)lSteermg Prote-::tlor

FE?EE Th FH f th I tf I:| . . Y
e rune ram E I0WEeEL TTame memoer - Belowwm]o Protect“)nb‘%gtn%o

Steering PrntectiDnIEEiE?]D |
_ Bl Stcering rackOhIB#RIRIR

En above Upper 515 == 10, or braced (—
earward Front Hoop Brace iz not required.

Steering rachk ic ingide the FEHS?] 2 |
Additional steering protection required the FBEHS.
F.6.2.2.b Rear Front Bulkhead Support (FBHS) Minimum Tube Uzed

F.5.14

F.2.21.b Example: 25 4mm = L.2mm round Size C
F34l.c Wall thicknese: 12 uli!
Zguare side: 25 mim
Wall thickness: 12 mm
Sguare eide:  25.0 mm
Tube croes sectional area (Al: a1 mm™2
Tube second moment of inertia (1):  6E95 mm™4

-Steering rack " FBHSICXT U TECICEDS 35N 2h 2R, (inside. above. below)
-above. belowDig& (. Protectlonb‘gﬁénéo

JNATRAR, DA XE %iljjb TNZERITIET VA, KEZRIDE,
-insideDiZ&(E. IEFT AT ERBDRN,



Front Bulkhead Supports (FBHS), Front Hoop Braces (FHB)
S AURBMBIELVC L AR T 3 E AT T 3L

BLANK
F.6.2 Front Bulkhead Support (FBHS) Minimum Tube Used EQ . :
F.3.2.1.b Example: 25.4mm x 1.2mm round Size C Round EQ ::B;j?:?;nn{dzlz} n;?::lelow _
F3.4.1.c Wall thickness: 1.2 mm P porFe.
Outer Diameter (OD): 25 mm
Wall thickness: 1.2 mm A
Outer Diameter (OD):  25.0 mm i _ i
Tube cross sectional are; (Aii 91 mmA? Highlight/trace/color-code ;:?JD;;;EST;” 50mm (2in)
Tube second moment of inertia (I): 6695 mm~4 Upper and Lower FBHS.
LOWER
BLANK

Mo limit on number or size of triangles

F.6.2.3. Top of FB to Upper FBHS tube, 50mm vertical limit: mm
6234 P PP _ between Upper and Lower FBHS.

FHB Rear FHB

F.6.2.3.ab FBHS configuration: A B UPPER
Top of Upper FBHS tube relative to top of Upper SIS tube:] Above EQ -
Without Rear FHB, vertical limit 100mm above: BLANK

Rearward Front Hoop Brace is not required.
LOWER

F.6.3.4

Top of FH to top of FHB tube, 50mm vertical Iimit:
Upper and Lower FBHS may

have multiple braced bends. EHB UPPER

F.6.3 Forward Front Hoop Braces (FHB) Rear FHB

Minimum Tube Used

F.3.2.1.d Example: 25.4mm x 1.6mm round Size B Round C
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. Fﬂﬂﬁb\b\“gb\o
EQ = ~ -
- LEEoHhh5, BF-ADBEICETR/T—->
F.6.2.3.b Rear Front Bulkhead Support (FBHS) Minimum Tube Used N/A . -
F.3.2.1.b Example: 25.4mm x 1.2mm round Size C | Round N/A (A, B,C) EE;R?%LtO
F.3.4.1.c Wall thickness: 1.2 mm N/A N . N
Wall thickness: 1.2 mm N/A B ° C A FBHS@UppeI‘b\FH Bt;&ﬁbtb‘%
D Lo
Outer Diameter (OD):  25.0 mm N/A i’t\ Rear FH B,J\M\E !
Tube cross sectional area (A): 91 mm”2 N/A

Tube second moment of inertia (I): 6695 mm”4 N/A



Side Impact Structure (SIS)

sEC AULEUEN IELW\CEZRERR CE DB Z T I DL

F.6.44.b F.6.41 Upper Side Impact Structure (SIS) Straight " " "
F6.4.4b Minimu Jsed Include all required dimensions.
F.3.2.1.e Example: 25.4mm x 1.6mm round Size B | Round Highlight/trace/color code Upper and Lower SIS.
F3.4.1b Wall thickness: 12 _12 m Bent Upper 515 must use larger tube whether bent in top or side view.
Outer Diameter (OD): 25 3% [hm
Wall thickness: 1.2 1.2 nm
Outer Diameter (OD):  25.0 350 m Diagonal Side Impact Member
Tube cross sectional area (A): 114 127 nm”"2

Tube second moment of inertia (I): 8509 18220 jm"4

{

Upper Side Impact Memiber |
icompletely in zone) {
] )

Top surface of Lower SIS to Lowest UpperSIS point >=240mm nm BLANK
Top surface of Lower SIS to Highest UpperSIS point <=320mm nm BLANK
Highest and lowest are on the top and bottom of the Upper SIS tubg 0 nm BLANK

ructure.

\“Imw:i'l Point in Cockpit {Lower Side Impact Member

T e, T "-\.\"-u\. "-\."‘-N"‘-\."-u\."-u\."‘-\."‘-u\."-u\."--\. B T e

F.6.4.1 Lower and Diagonal SIS
F.3.2.1.e Example: 25.4mm x 1.6mm round Size B
F.3.4.1.b Wall thickness: 1.2
Outer Diameter (OD): 25
Wall thickness: 1.2

nm
nm
nm

Outer Diameter (OD):  25.0 mm /)] BFQEEEEO)EQEEZ’J\“%L\
Tube cross sectional area (A): 114 mm”?2
Tube second moment of inertia (I): 8509 mm”4

T.24.2 F.3.2.1,j Lap and sub belts attachments must be located on minim :I“JOE“J FODEE'EE{EL\&'E&Upper SISPREHIEVS DIEE]
-vIEY MOTRBIEVREUpper SISDRLE VRO

NE5ZEICEASEL. I TFOFLIICADULESIEN IEELWVS
LRTEEE T ESHmZERITISIL,

10



Lap and Sub Belt Attachment

2 AU SBENTE UL\ e RER T 3R AR T3

T.242 F.321j Minimum Lap/SubBelt Tube Minimum Tube Used

F.3.2.1j Example: 25.4mmx 1.6mm round Size B BLANE
F.3.4.1.b Wall thickness: 12 mim BLANE
Square side: 25 mim .

Wall thickness: 12 mim BLANEK

Square side: 25.0 mm BLAMNE

Tube cross sectional area (A): 114 mm*™2 BLANK

Tube second moment of inertia (1}: 8509 mm®™4 BLANE

Wrapping lap and anti-sub belts around tubes is not acceptable for 6-point harnesses.
Double shear attachments are preferred, but only one side is measured.

Lap6ULIESub BeltZED{F133/{A T OMinimum{BlE A 7

11



()]

Lap and Sub Belt Attachment | 2023« ==

2 AU SBENTE UL\ e RER T 3R AR T3

b Hamess tab location. dimensions. shear area
= B H(NED EE TEF > AAASRENN
=1l HTHIAS 00U 1O
Wrapping lap and anti-zub beltz around tubez le for G-point harnezzes.
Double zh attach ts ef | side iz aured. - - -
T el Harness tab location, dimensions, shear area
Lap and sub belt attachment: Same Boh EQ
T.25.8 Lap kel hole ciameter / fastener size: mm BLANEK
T.24.3b Bolt hole thickness == Lemm |QU0e3in} steel: mm
Minimum tearout distance: mm
Area = I thickness“min distance == %0 mm*2 0.00%
Bracket attachment: Welded

- AttachmentDHIED. e/dhSEIEBEOHIEICEEING
-Same Bolt&REIFLIndividual BolbEIREF CHIEEDHIEIENERBZIDTER,
- IEF > RAAMSEMENEN
= ARAttachmentzERUIEELTE. SEBATERIET DR ZRAD L
-1212UI-BOLTZ2WIEL TOL - AICEIESIE T 55, COIEBHRBEEDISHENA TS,
FABATIARE, BLANK, REJECTERSTHIENR,
TEF O ZARAHEIC, TT-BOLTZEIMIL TBIEIT 215 IAMANTHLZE,

12



Main Hoop (MH), Shoulder Harness Bar (SH)
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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
Wall thickness: 2.0 mm
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 Round
F.3.4.1.a Wall thickness: 2 mm
Outer Diameter (OD): 25 mm
Wall thickness: 2.0 mm
Outer Diameter (OD):  25.0 mm
Tube cross sectional area (A): 173 mm”2
Tube second moment of inertia (I): 11320 mm”~4
Shoulder Harness Bar does not require braces.
EQ
F.6.5.2.b Brace angle to plane of SH side view >= 30:|:Idegrees 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 N/A
F.3.2.1.1 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 (1): 6695 mm”4 N/A

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

EQ
degrees BLANK

F.5.8.3.a

F.5.8.2

F.5.8.3.c Main Hoop direction below Upper SIS, in side view:| Vertical | EQ
Main Hoop side angle from vertical below UpperSIS:[  |degrees BLANK
BLANK
F.5.8.4 Distance between Main Hoop ends, >=380mm (15")[  |mm BLANK

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

BLANK
BLANK

F.5.2.1 Minimum tube centerline radius:
Outer Diameter (OD):

Minimum radius::diameter ratio, >=3:

mm

mm

Main Hoop and Shoulder Harness Bar are one piece, no cyfs.
Il bends centerline radius = 3 x OD.

Shoulder Harness Braces
must run back to the
Main Hoop.

Min 30 degree side view.

All side-view bends in
the Main Hoop must
be braced to an MHBS

Above Upper 515:
PP NODE.

Good, but not
required for
nodes to meet
front-view bends.

Max 10 degrees
forward or rearward.

(side view.)

Below Upper 515:
No limit forward.
10 degrees max rearward.

Braces react the moment from
the belts. Wider angle, more
perpendicular, lower moment.

Min 30 degrees between
plane of SH and Braces.

[

Min 380mm (15")

-MHOAE

- MH FimDinEp I tEE#

-BIiFR (HAIFT=EPRIEIAT)

-SH%ZBend TubelcUEIS& (.
fimh5R=BraceDAE
(BE(E—H)

tween bottom ends.

/ABN




Shoulder Harness Bar (Attachment) | 2023 iem
SEEAUEMEN ELW\CEZHERR TEANEZ R T I DL

Shoulder harness#boltedfEisLiTiSSOYIEBN]
(Wrapping (Z&01)) 0OBSER%ER)

BLAMK

Wrapping zhoulder harnezz beltz around the SH bar iz preferred.

Shoulder belt attachment: Bolted ~ |EQ
T.2.6.3 Shoulder belt hole diameter / faste e [mm BLANK
Centerline ingerts prefer ::I if boltin gt I' BLANK
T.2.4.3 Bolt hole thickn 1.6mm (0.063in) steel: mm BLANK
Minimum tearou t distance: mm BLAMNK
Area = 2*thiclkness*min distance »= 60 mm"2 ] 0.00%

Braclket attachment: Welded
Tab to tube welding muzt be on both zide= of the tab.

NV MFEFEDIZS(ERIBEBZ A DL, ENZIEAIZIET O RZRG I DL,

-Wrapping (B&2(F) ERDIFA. J»)('FFN/AJ'C‘)UJ(IT FERDo

-I-BOLTZWIMRL COL—AlCEHIESET 31553, COIHEBEENMSIRNTS.
FZUEASIARE, BLANK. REJECTERYTEENDRRL,

[I-BOLTZHIMTL Ca#E I 1 5. TFANNYIRZAWVTIAS MRADIE,




Main Hoop Braces (MHB), Main Hoop Brace Supports (MHBS)
S AUEENELV L E R TS A E A I T 328

Main Hoop Braces may run forward or rearward.

Rl A

D Ra-Lr

F.5.9.2 Main Hoop brace direction:| Rearward EQ el E HEE10ELLT
F.5.9.5 Angle between MH and MHB >=30 degrees: W  BLANK
F5.9.4 Top of MH of MHB tube, 160mm vertical limit] ~ |mm BLANK

F7tevbn#H 5SSt

RIEHTI0ML.
F59.1 Main Hoop Brace (MHB) Minimum  TubeUsed | EQ AR _
F.3.2.1.h Example: 25.4mm x 1.6mm round Size B | Round EQ /—ROIEEIL
F.3.4.1.b 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
BLANK
F.6.6 Main Hoop Brace Support (MHBS) ~ Minimum  Tube Used EQ
F.3.2.1.i Example: 25.4mm x 1.2mm round SizeC | Round EQ
F34.1c Wall thickness: 1.2 mm
Outer Diameter (OD): 25 mm *‘MHEMHBRIOAE N
Wall thickness: 1.2 mm * MHIAR EMHBEiG R OIERE
Outer Diameter (OD):  25.0 mm chszEwIcEAEEL. l—x'FU)ﬁt}l/(leJ bf.’:ﬁiﬁﬁb“
Tube cross sectional area (A): 91 mm’2 IELV\CEZTESRTEAEmZR{T IR,

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



Helmet Clearance
SCAUEUBENIEUVWCEAMES R TIAXE AT I BE

BLANK
F.5.6.3.a Helmet >=50mm (2in) below Roll Hoop plane:l ~ |mm BLANK @ L
%
BLA \
F.5.6.3.bc Main Hoop Braces protecting Helmet:] Rearward EQ X
F.5.6.3.bc Helmet >=50mm (2in) below MH to bottom of MHB: mm BLANK @ A

OMHIEREFHIERZRBATIRENIAYNEDIVUT S VA
@MHIEREMHB envelopelc 3T 3NILAYMESDIVFPS VR

@)

A
1.
v -
L
-
-\
- 1 3y
- [} [
e A
- A
Y
o
ALY
L)
)

To top FH

Rollover envelope

MHB envelope ™\

Reamost Triangule
16



()]

Fuel System (IC) b | 2023% == |

BLANK
Fuel system inside tire envelope?
Fuel system above bottom surface of chassis?

Fuel system incIJding fill tube inside triangJIated structure below 350mm?
Any pressure tanks are metal or separated from exhaust by T.1.6.37

2 holes, chassis low point? 2 holes between driver & fuel tank? =25mm? 5.5, BLANK

SEAEISEPAEISIEY

cBEHAINA-DHER S AT AN S DEVRE
2T LU BE25mmITx 2{EOMIE

-INTOIEBICXTUT. Yesh NoZiEIRI DL,
- SESYERR B R TR > I BE N AN A DS T ETT T TESRVEAREL.
CNS55IHEOREZIRA G, SESELTREEFIRE ISR I B,

2L, REDRMEIRTIEBEEICERI .

17



Head Restraint

BLA

T.2.8.4 Head Restraint >=0 from rollover envelope: mm BLA
F.5.10 Head Restraint Protection Hoop Used?| Select Drop Down: [jgsiW
F.3.2.1.h Example: 25.4mm x 1.6mm round Size B Round N/A
F.3.4.1.b Wall thickness: 1.2 mm N/A .
Outer Diameter (OD): 25 mm N/A /,/‘\’.50
Wall thickness: 1.2 mm N/A To tOp‘I’:H
Outer Diameter (OD):  25.0 mm N/A
Tube cross sectional area (A): 114 mm”2 N/A
Tube second moment of inertia (I): 8509 mm~”4 N/A

G1

G3

A

Reamost Triangule

REAR OF MAIN HOOP

G2

»

MH TO STRUCTURAL TRIANGLE /

/ MH TO HEAD RESTRIANT PROTECTION
G5

G3

Head Restrainth'Rollover envelopeH'5
(XA HE T IFEDENNE

ﬂ,

MH TO HEAD RESTRIANT PROTECTION
G4

SES] OGAIIC THead RestraintProtection ]
NEHEH=NTL\D,
HEAD RESTRIANT, i o STRUCTURAL / G3. G5®1§U®d:5l:Main HoopD5#&15\F.1.13
HELMET: MH TO MHB BASE -50mm DO —)IJZ“—/_\“—@E%Q‘EZH UV ZE. £ TR
HR: MH TO PROTECTION TO STRUCT A THIZXDIBEDOXDEHRP (Head Restraint
Protection) MiENINTEE, 18

HELMET: MH TO MHE BASE -50mm

HELMET: MH TO MHB BASE -50mm

HR: MIH TO PROTECTION TO STRUCT



20234 #i#l |

o
o
—
(45
-

Do any regulated tubes use F.5.12 bolted connections?

_
]
Any holes over 4mm drilled in F.3.2.1 required tubes? B
Does the steering rack interrupt any reguired tubes? - B

EEZIEE 3fHENN

-Bolted Memberz{#ofzii&v]gEI2MHB
L —=AlCAmmBL LD ST TEImEDWelded Tube InsertEsk
-Welded Tube Insertz{Eo/zSteering rackDEIDiAFH

-INTOIEH (CS(]‘LJ'C Yesh\NoziEIRI B¢,

-YESTEIRUIZS. SESHNODI Welded Tube Insert]HULIE

[Bolted Members]D>— NI TAINKRDSNBLSBEEFHITESNIDT,
B3I —MNMIEFRIBZ ANT B,
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Rear Wing Mounting

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 (1): mm”4 N/A
Main Hoop Brace Length (Main Hoop to MHBS) (L): mm N/A
Wing Mount distance to closest MHB end (a): mm N/A
MHB Max Moment Load (Sy*L*I)/(a*(L-a)*0D/2): N N/A

Failure mechanism:l Select drop down: | N/’A A STRONGLY PREFERRED

Ibs N,/A Single fastener at each node, rotationally free.
0 N,/A No failure force required.

Mounts rearward of the MHB assembly are completely unrestricted

B NOT RECOMMENEDED
- Mounts in the middle of the MHB or MH require a brace between the two.
All fasteners or mounts on a side must fail simultaneously below the MHB buckling force.

Rear Wing@BETAE. Type-AZ @< #HET D,
BF—ADType-B/C/DDIFE. TNENDIX

C NOT RECOMMENEDED - GUSSET MAY BE REQUIRED

\J |\ 5&: < gﬁh?iﬂmg’% C to ‘I:Illu:’ti;zle fasftert\ers withirljf.x-lcn.fterlfiametell’ ol: tlhe n:r::iel.WHB o
. = ut one fastener must fail simultaneously below the uckling force.
XTERA+DDEUT T FIFEFTI LS\,

NOT RECOMMENEDED
Multiple fasteners along the MHB.

Brace required between MH and MHB at rearmost fastener.

All fasteners not located at the MH-MHB node must fail simultaneously below the MHB buckling forEk.



Front & Rear 3/4 3D CAD

FAYIKEFEICRIERIC, BIFT - B HZANTD

HEIZ Rz A

7777777 7
60 REPLACE THIS EXAMPLE WITH YOUR OWN CAD.
Include a legena with @ dirferent colar tor each b iyl
Use the same color forall tubes smaller than 25mm | Lin) diameter or
go'r' | 1.2mm (.04%in) wall thick . Thesc are i tructural
(T.2.5.4). Consider making them semi-transparent.

AWNR

. SHEREAE \

. ICVTIIZEIY>0%, EVTIZAccumulator ContainerZEiRr93
. RMTDEDFEY T EEIREHESE

. AE25mm. . IEBEEL.2mm&DINEWI T2 TR—&e

\

RA D= E0 7T,
EHNCHLTREETES,

=i R e R 1] B
FREOERSGEINLT RS0
(BBRZRAL—RICTB4)
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Bent

Tubes

JL—LQBIHD) AT (U T, TBF/NA THRTEET - ADAEEN30EUT

ThHIL 1ZEEIRT DL,

MREBDEPT. INTORZTTURITNERSE,

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.

\

\

L EE MH

Only braces for top-view bends of the Upper 515 are exempt from the 30 degree requirement. A
q“\\\\ ,_.‘.r-"" i =
—~ | —  |FBH
If
] I = I
I Most required tubes carry axial load in a front or rear impat -
‘=""-~:-~‘_\_\1— In a bend, the load has to change direction.
. A brace is needed for stiffness and strength.

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

l— FREEA

e i

7

flmEO
RhLERS

BEND PLANE y
= - Note: braces within 30° of
- / \ 30° max from PLANE  2Utomatically meet this re
ey |

PLANE i
BEND Only braces > 20 degrees out of plandg

30E L T Z5tEA9 5 —1l
3D-CADICTAEZHHL
TDFREREZRIIBIL

HOVD/NA T EE SIEDICEBD 212N TR &
TMIDTREL, BHOBR/N\A TZEIEDOEC
BEEEOD /N T EIRD,

B .
6 -mBEe @ - B M

HE 12 25deg
PEEE: 12.19mm
T 12.19mm
F M8 Y: 0.00mm
T M Z 016mm

774)Frame Rearbulckhaed 1 30 (LAPTOP-
SREKLSUO MER &I 2018-04-27) SLDPRT &
&5 Frame Rearbulckhaed 1 30 (LAPTOP-
SREKLSUD MRR& - 2018-04-27) SLDPRT
774)l-Frame_ Rearbulckhaed 1 30 (LAPTOP-
BRSKLSUO (MBES T — 2018-04-27) 747 7 7%
ALRVT‘/J?JDD

¢

AR
EiR117@FR_Line

fa)

W

Support Pipe




GR.1.4 - Good Engineering Practice
JL—LAOHEOZHAKRETGESE. 12/I\IF—F1vI%ITIE
(HARICTEERBDCE)
CDIL—)LERIEUpper SISK D NMAIT, ™I

DR DREE254mmIU E DB ZEEN D DIHE
DHTHD,

BEE254mmDA > )45 —hhE@EuRucE

Mo openings in the region below upper 515 height between the_a m:l 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 maximum upper 515 Height per rule F.6.4.4.

Any non-structural tubes per F.3.3 will be ignored.
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F.3.4.3 Welded Inserts
F.5.12 Bolted members




;¥% :Welded Tube Insert

BESBALLEEELT D 5 hPh
-Removable Tube (MHBS)
-HAE)LTCAmmBl LD ZEIT 35S
-AIP Insert (AIPZPIPEICIEIENI MFEITI5S)
-EV Accumulator
-Steering Rack Pass

EARBERO/\A TR ZRT AAh OOy REZE TGS,
BAUSATICED) A TEBOMIMAEMRIENTWS L ZEEFAT 5L,

ZH93E8, S — MOANEHNSHETYes/NoHIESNSDT.
YESHIFESNIEABMIINTDAAZITICE

required tubes? ASSEMBLED _ TUBE + HOLE
ube Chassis BO133:

ALY Ternuuvduie rieinpels diullg

Yes

ALY TIUlSs UVST S0 urirsu il

F.3.2.1 required tubes?
ube Chassis BO134: Yes
AIP Inserts: Yes
EV Accumulator: No

LUES LIHE SleelllE TdUhk

interrupt any required tubeg”
ube Chassis BO135: Yes
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Welded Tube Insert

WEIRBEZANTSEE.
fIERRBDIBSIE. | REJECT ERRESNBEYD. EQ ERBRFTETERFLEIIL

&4 OUREE & BE2RE—X > b
Note: Young's Modulus is given in MPa, not Gpa. 0)?1‘%%%%’5’:?3?20)5 |

Minimum  Tube With Hole

F3.21 + TUBE + HOLE
Tube Insert
Material:  Steel Steel
Original tube:| Size A Round
F.3.4.1 Wall thickness: 2

Outer Diameter: 25
Tube cross sectional area (A_1): 1.73E+02 -
Tube second moment of inertia (I_1): 1.13E+'ﬁ' e

F.3.4.3 Tube with Hole cross sectional area (A_i): BLANK
Tube with Hole second moment of inertia (Li): Rl ANK
Insert/Collar cross sectional area (A_i): BLANK

Insert/Collar second moment of inertia (I_i): BLANK INSERT

F.3.42 F.3.53 Young's Modulus (E): 2.00E+ ik se(i0f ksl w2

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

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 V*Su_1*I_1/r <= 4*(Su_2*|_2+Su_1*_3)/r:

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

Main Hoop Brace % Bolt &t 9 dima. LU ORAFICHEL,
—ARO)\1TEBEFEU EORMIMEMRIENTWAEZEERAT BE,
Efs A&k Double Lug Joint F(d Sleeved Butt Joint®2i@NTH S

Figure — Double Lug Joint Figure — Double Lug Joint

-

Capping Piate
-

el b
"316In min

3-“'& I pin

358 in 1.D. Tubing
welded inlo ends
of stay

Figure — Sleeved Butt Joint

dn | mn
OjO
i Llﬁj-l

| |Ermm (1/4 in)

28



Bolted Members

AIEREDIZSIE. REECT ERRSNBEH. EQ ELRBTETEFLEICL
Double Lug Joint &zl Sleeved Butt JointZ:#IRUTHS5TETEE

EQ
F.5.12.2 Bolted Connection:| Select drop down: | EQ

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.

EQ
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

ETOTEZRETRIZL

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 diam

EQ
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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