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2024 SES

(Structural-Equivalency-Spreadsheet)
Guidance

F.3.1-4 Tube Chassis




What is SES ? ESe

SES : Structural-Equivalency-Spreadsheet
Structural equivalence (proving) calculation sheet = It is called equivalent structure calculation sheet.

O Definition of SES

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. Document basic structure with SES and demonstrate compliance with SAE Rules.
b. Prove equivalence with SAE Rules.

O Purpose of SES
FSAE rules, the basic structure ( Primary Structure ) describes the minimum requirements

that must be met, and SES is a sheet to prove it at the design level .
The SES review has the role of discovering rule nonconformities at an early stage in the
design stage and avoiding fatal frame rework , so it is desirable to be able to submit a

highly complete SES from the earliest possible stage.



What is SES ? ESe

Calculation report to prove that SES is equal to or higher than the standard structure shown below.

It is necessary to take this into consideration when entering the numerical values.

Shoulder Harness Bar l\élpalzr% 4HS204D
254124 412
FEDOQQ ﬂ‘;ﬁp Main Hoop Bracing
Front Hoop Bracing N S 0254116
D254 116 |
\
Front Bulkhead
D254 116 \T/
Main Hoop Bracing Supportg
254112

The primary structure is the last line of defense to protect the driver's life in the event of an emergency .
Failing to pass SES inspection means that you are designing a dangerous vehicle that cannot even guarantee
minimum safety. Please keep this point in mind.




SES Guidance: Introduction /SEDD

First, understand the precautions in this section.

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.

-Input items are in pink cells
-Select cells with thick borders from the dropdown
-The input item must be set to “EQ”



Evidence presentation area /SEDD

-Basically, drawings showing the basis for the input values should be presented above and below the area zone.
Please attach it so that the reviewer can eaS|Iy check the ewdence

e e same coor or ll s smaier an 2 () Gormeter

| —
Front Hoop (FH), Steering Protection
Example of evidence area (excluding pipe size)

I - 1

If you want to attach multiple pieces of evidence,
Arrange them vertically, without overlapping them.




Cover /S

Enter basic terms

Univerzity Name m

Team Name _| Enter “ Japan ”
Competitions May - IC June - EV Other - Edit - Z 3
Car Numberz BLANEK
Team Contact(z) BLANK
Email Addrezzies) BLANK
Faculty Advizor Email Addrez= Chaszziz Rules Powertrain
Teams that selected “ Other Equivalence ” " 7 lect Drap Down | Select Drop Down BELANK

Separate document: Please refer to " 2024_SES
i M " ES. : .
Guidance_Monocoque’ to create your SES. | cauy 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 Memberz Js]REAN REJECT

indicate OK

BLANK

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
Enter the required information on the other sheets, Select " mm " as the unit,

Make sure there is no " BLANK ". Match the description in the attached drawings.



Isometric drawing & side view S

For the isometric drawing, enter the front and rear directions as shown below.

No shadows on the drawing

25mm x 2.5mm
25mm x 1.8mm

25mm x 1.8mm

AAYI=FEIOL -T2
RECHUTRATED,

Ingfide a legend with a different color for each tube size and style.

(= 30mm
e the same color for all tubes smaller than m (1in) diameter 760
r 1.2mm (.047in) wall thickness. These are c ered non- REPLACE THIS EXAMPLE WITH YOUR OWN CAD.
structural (T.2.5.4). Consider making them semi-transparent. 50 Include alegend with & ditterent color tor each tube size and style.
[Ele) | Use the same color for all tubes smalles than 25mm (1in) diameter or
1.2mm (.047in) wall thi Thesc are consid

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

1 . Illustrating the/fuel tank for ICV and the accumulatpr container for EV
2 . It is recommended to color code the pipes in the same way as the sample.
3 . All pipes smaller than 25 mm in outer diameter or 1.2 mm in wall thickness shall be of the same color.

RA22-T&£20 02Tz,
ERCHULTEATSD,

Side view showing dimensions of each part
(::l Please add as shown as above.
(To make the review process smoother)




Front Hoop (FH) /S

Attach a drawing to confirm that the entered values are correct.

BLANK ||Sfelalt Hoop (FH), Bteering Protection

F.5.7.2-3 The FH rulaiL

) each 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.

™ vertical line from the ground

Include all required dimensions.

b <=250mm (9.8in)

F.5.7 Front Hoop (FH} Minimum Tube Used EQ
F.3.2.1.c Example: 25mm x 2.5mm round Size A BLAMNK
F34la Wall thickness: 2 mm BLANK
.Squa_re side: :5 i E!LI:IIITI“‘} Good, but not required for nodes
Wall thicknesa: 20 mm AR ; - S . .
Square side: 250 mm = = = vard
Tube cross sectional area (Al 173 mm”™2 The angle IS dlsplayed In two places out
Tube second moment of inertia {1}): 11320 mm*4 on the dranng. B

BLAMK
ade—view bends must be braced with a

Ainimum 25mm x 1.2mm {1in x .049in).

~u/- 20 degrecssme®

side view angle at

-Distance between FH and steering wheel.
-Less than 250mm means the distance between the rear end of FH
and the front side of the steering wheel (inner dimension)

F.6.3.5 “Hrearward lean sbove Upper 315 <= 10, or braced: ‘ degre
Rearward Front Hoop Brace is not requireth

IO T—FFZAT TV T EUBLCE

=20 LT 250mmElR Since the FH angle is recorded in two places, even if the angles are
the same, Two drawing display locations are required.
A | — g display q
» Please clearly state these appropriately and attach a drawing to

confirm that the numbers entered in each cell are correct.




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

W\ Front Hoop (FH), Steering Protection BLANK Main Hoop (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 Mess Ba r (S H)

F.b.6.2 A&l FH side view bends must meet a triangulated FEHS ar 515 tube end.

Q] e Bloim Llome myiamd o oo b | e ek e il i
F5.6.2 All bends below the Upper 515 must have an 515 or MHBS tube within 25mm.

viain HooD s1de view Dends must e braced 0 an MIAGS oI node.

20234F)L—)Ve8ET /s
F.5.6.2 Roll Hoops FREMEM

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
Yy ) -

>

All Roll Hoop bends between the Upper and Lower SIS - -
idcing rnt e st et rgulted st EXpla nation SN SBELS | MERTEN STV SBAR
> Structural Tubing(#Y) \ IBPRICEKS T S/ TOHEN'D

\ 8&Node& LU T=RIliEN &

{

= 7
Roll Hoop®MUpperSIS& D T
T "EEMTHMNDHSDEBE",
FZ%Node&k L TRIEMMT=A
BEEESEUEINIRSEL, A

AT QU T

-Conformity to F.5.6.2 will be examined using the frame thiagram attached.

If there is a bend in the FH&MH , a support pipe may be required.
(There are no items for entering values in cells)




Steering Protection /SED

Attach a drawing to confirm that the entered values are correct.

Below example. Protection is required.

Steering Select rack position

F.6.3.5 FHrearward lzan above Upper 515 <= 10, 2 | |degrees
Rearward Front Hoop Brace iz ired.

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

-Select where the steering rack will be mounted relative to the FBHS . ( inside , above , below )

-Protection is required for above and below .
Enter the pipe shape, size, etc., and attach evidence and drawings to show it.
-In the case of inside , evidence is not required.



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

/=D

Attach a drawing to confirm that the entered values are correct.

F.6.2 Front Bulkhead Support (FBHS)

Minimum

F.3.2.1.b Example: 25.4mm x 1.2mm round Size C Round

F.3.4.1.c Wall thickness: 1.2

Outer Diameter (OD): 25

Wall thickness: 1.2

Outer Diameter (OD):  25.0

Tube cross sectional area (A): 91
Tube second moment of inertia (I): 6695

Tube Used

F.6.2.3.a Top of FB to 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.
F.6.3.4 Top of FH to top of FHB tube, 50mm vertical limit: m
B| 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.34.1.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

> > > > >

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.

C.

FHB Rear FHB

There are many mistakes.

From the above, choose the pattern ( A, B, C) that suits

your team's structure.

A : Upper of FHB and FBHS are independent.
B-C : Upper of FBHS is shared with

Also, Rear I need FHB !




Side Impact Structure (SIS) ES

Attach a drawing to confirm that the entered values are correct.

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

BLANK
Top surface of Lower SIS to Lowest UpperSIS point >=240mm

7

Top surface of Lower SIS to Highest UpperSIS point <=320mm|
Highest and lowest are on the top and bottom of the Upper SIS tube
ructure.

{Lower Side Impact Member

BLANK

N
NLowest Point in Cockpit

F.6.4.1 Lower and Diagonal SIS Minigrum Tube Used TR I RTINS N T T T, R e S e 0, R S Ot
F.3.2.1.e Example: 25.4mm x 1.6mm round gze B | Round 240mm
F.3.4.1.b Wall thickeess?”” 1.2 mm BLANK 320mm
Outer Diamgter (20): 25 mm BLANK
Wt thjekness: 1.2 mm BLAI

OutesSiaprter (OD):  25.0 mm s.al There are many imistakes in setting this section distance.

Tube crosg’seciOnal area (A): 114 mm?”2 BLANK
Tube secopd morfient of inertia (I): 8509 mm”4 BLANK

T242 F321j -Pistance between the lowest point of the cockpit and the lowest pdint of the Upper SIS

‘Distance between the lowest point of the cockpit and the highest*point of the Upper SIS

Please clearly state these appropriately and attach a drawing that can confirm that the values
entered in each cell below are correct.




Belt Attachment PESS

Wrapping lap belts around tubes is not uc:eﬂaﬂg.
° La p Be | t Atta C h m e nt Double shear attachments are preferred, but anly one side is measured.
. . . Lap Belt Attachment; Lap Only *
* Anti-Submarining Belt Attachment .. [ Gebor0r Bt T o
- Shoulder Harness Attachment Lap b4 Clip Through A Pad Eye
roaan Fepiener shearsue| Bolt Through A Tab

Frame diagram presentation example

Anti-Submarining Belt Attachment

T243a Wrapped
T258 Lapl Evebolt Or Bolt Through Tube
L2 B4 rlip Through A Pad Eye
FEETE”CI shear streg
N It Thr hAT
T243b Tab thickness > -Eﬂ.t T?'EIZJE, -A,.. .a,b -
Wrapping shoulder harness belts around the SH bar is preferred.
Shoulder Harness Attachment:
T243a Wrapped
T258 Lap
) bé Eyebolt Or Bolt Through Tube
ap y
Fastener shear streg £4p Through A FadEye
T243b Tab thickness >= | BOIt Through A Tab

-Select the fastening method for each belt and enter the necessary values according to the fastening method
-Attach a frame diagram that shows how to connect the attachment.
-Detailed explanation from next page



Belt Attachment PESS

wrapped directly around the Wrapped Lap Please note that this method is not approved by
basic structure I can't select it from the dropdown either.
Shoulder Harness Attachment:‘ Wrapped -
T.243.a 15000 N N/A
T.2.5.8 mm N/A
Pa N/A
0 0.00% N/A
T.243b mm N/A
mm N/A
0 0.00% N/A
| | n/A

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

‘No need to enter numbers in each cell



Belt Attachment PESS
Fastening method | Dropdowntoselect ____INote

eye bolt or bolt through Eyebolt or Bolt through Tube Applicable when passing a Welded Tube Insert through a bolt
(With Welded Tube Insert) or eye bolt without cutting it and fastening it with a nut.

Follow Ciritical Fastener for conclusion.

Enter Eye bolt or bolt thread diameter, the UTS (ultimate
tensile strength) of the material to be used.

Eyvebolt Or Bolt Through Tube

Shoulder Harness Attachment:

Harness Test | oad:

T.243.a _ ) )
T.2.5.8 Lap belt fastener diameter: RLANK show the basis (evidence) of the numerical UTS value.
Lap belt fastener rated UTS: BLAMNK
T.243b N/A ~ | | B T
mm N/A o o]
0 0.00% N/A o T \ 7 -
| R N AR
Welded Inserts required. £ - 4 .} A o “
19— HEL p i -+ /*";? ' MM
D 1>o—rmuTiE ALk | o o _
RO T/ THER TS Eyebolt drawing specification presentation example
— o ':Fﬁ, e
My | a [ b c | Dt h | H I |e| g |n| da [r| k| sssiems HEE
14— rHD (d) (&%) (BA0)| (Rl (BK) | (80| (80| it N kg
‘,(' BU. gm@n ChAd> (71{:‘) M 5 26 16| 5 13| 49| 135| 265| 125| 3| 39|08| 71| 2|1 40 0.392| 0.014
T170y O BRIETY M 6 |26 | 16 5 | 13] 49]135] 265[ 125] 3| 45[08] 71 2[1 60 | 0.588] 0015
P W 2 £ 2 410 L b d 22121 4C 2 £ 4 n') Al4 0 n ‘i ‘8F laWalel
. M 10 41 25| 8 20| 7 |21 | 415| 18 4| 77|12 112 | 4|15 150 147 | 0.06
Eye bolt (With Welded Tube Insert) ’ "

-Drawings and specifications of the eye bolt or bolt must also be presented. —




Belt Attachment PESS
Fastening method | Dropdowntoselect ____INote

Eyebolt as basic structure Clip Through A Pad Eye When directly welding an eye bolt with the bolt section cut to
Direct welding the primary structure.
(Not applicable when fastening with eye bolts via brackets )

Shoulder Harness Attachment: Clip Through A Pad Eye - " ”
This item does not need to be entered and may be left “BLANK

T.24.3.a Harness Test Load: 15000 N
T.2.5.8 mm
Pa

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.

NEZBEEITD

H5---55400, SUS304/SUS316L S45CH, SCM435H
(55400132 =70, 70A—b, Z@7AXA—k, FFAyFEERLTVET, TOROEXERE (£ v¥) OZASICOTELTR, SHVEDE{ERY,)

IQ;EI:.;ED'CE’I Oﬁ{iﬁm Eyebolt drawing specification presentation example
PRABVES. TEFTYR @ | "7 77 | |e® | |@vey @o|o|lef g T w ] e
EE‘E?%; M 5 |26 [ 16] 5 | 13] 49]135] 265 125] 3| 39[08] 71| 2[1 40| 0392 0014

IM 6 26 16| 5 13| 49| 135 265 125| 3| 45|08| 71| 2|1 60 0.588( 0.015

Eyebolt Weldlng eXampIe 20 £ 2 10 C 417 2212 46 el = 4 a') 4142 u\ nw fa¥Walel
M 10 41 25| 8 20| 7 |21 | 415| 18 4| 77|12 112 | 4|15 150 147 | 0.06

-Drawings and specifications of the eye bolt must also be presented.
-For this fastening method only, you can omit the numerical input and leave “BLANK"”




Belt Attachment PESS

When bolting via Tab Bolt Through A Tab In the case of a conclusion method that cannot be proven
using the standard SES format, please follow the notes below.

BLANK

Shoulder Harness Attachment: Bolt Through A Tab

Enter according to the example on P15

T.2.4.3.a blogmece Toct | oad- 12000 h
T.2.5.8 Lap belt fastener diametern: BLANK
Lap belt fastener rated UTS: BLANK

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

I au bllmlﬁul W Tos. . U0_UTao A L:I'\.I,J. U [ ey
Welded Eye/Tab attachment| Welded
Bracket/tab to tube welding must be on both sides of the pad eye/tab.

N 2Minimum distance
@ Tab thickness

tab drawing that can prove the entered values , and clearly indicate which part's dimensions were adopted.

-If the fastening method cannot be proven using the standard SES format, prove that it has a strength
of 15kN ( 30kN if lap and anti-Sub are shared) according to T.2.4.3.a and attach it as evidence. thing.
-Fastening methods that apply load in the bending direction are not permitted.

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




Main Hoop (MH), Shoulder Harness Bar (S

Attach a drawing to confirm that the entered values are correct.

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 EQ
F.3.2.1.k Example: 25mm x 2.5mm round Size A EQ
F.3.4.1.a Wall thickness: 2 [ |mm

-If the SH is made into a Bend Tube , the angle of the brace seen
from the side (the figure on the right is an example)

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.

(SIS angle below from Upper)

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 ]

F.5.8.4 Distance between Main Hoop ends, >=380mm (15" |

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

H minimunt bending radius
Minimum tube centerline radius:
Outer Diameter (OD):

Minimum radius::diameter ratio, >=3:




Main Hoop Braces (MHB), Main Hoop Brace Supports (MHBS) JS@

Attach a drawing to confirm that the entered values are correct.

Main Hoop Braces may run forward or rearward. f

Bl A

F.5.9.2 Main Hoop brace direction:| Rearward
F.5.9.5 Angle between MH and MHB >=30 degrees: deg B -Angle between MH and MHB
BLANK

F5.9.4 Top of MH of MHB tube, 160mm vertical limit|  |mm (WS -Length between the highest point of MH and the
in
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 s&2

Attach a drawing to confirm that the entered values are correct.

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 @ Realmost Trlangle
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

F.5.10 Head Restraint Protection Hoop Used? BLAR
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 N/A For 3, the measurement position differs depending on

Sguare side: 25 mm N.-'.A the Structurel

Wall thickness: 1.2 mm MNSA "
Sguare side:  25.0 mm M/A

Tube cross sectional area (A): 114 mm*2 MN/A , 7
Tube second moment of inertia {I}: 8509 mm™4 /A 7

/ Realmost Triangle




Fuel System (IC) etc. ESS

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

© —

Questionnaire items
* Please manufacture so that all items “EQ”

-Select EQ for all items . There is no need to select “ N/A ” items in EV .
-Assuming that the detailed design of the fuel tank and high-pressure gas cylinder cannot be completed at the time of
SES creation,

These interview items will be excluded from the screening items for SES .
However, the vehicle will be strictly examined during the actual on-site vehicle inspection.




Do any regulated tubes use F.5.12 bolted connections?

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

e R v e v n
I I

Does the steering rack interrupt any required tubes? -
.

Questionnaire items

-Bolted Detachable MHB
-Welded tube insert request when a hole of 4mm or more is drilled in the frame.
-Steering using Welded Tube Insert rack interrupt

-Select Yes or No for all items.

-If you select YES , " Welded " in SES Tube Insert ” or" Bolted members” It will be
automatically determined that input is required.

Enter the necessary information on each sheet.




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
EVidence pl‘esentation examp |e Main Hoop Brace second moment of inertia (I): mm”4 N/A
:v‘.; » 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
lbs N/A Single fastener at each node, rotationally free.
0 N/'\ No failure force required.

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.
All fasteners or mounts on a side must fail simultaneously below the MHB buckling force.

ToGRFN FHERINT

'gvvyruu%n%ﬁlx‘
Wa,

Type-A is strongly recommended for the

Main hoop brace ®@node {ZExY) {
FTwa,

your team is Type-B/C/D, please read each

comment carefully and respond accordingly.
Installation methods without adequate measures
will not be permitted.

NOT RECOMMENEDED - GUSSET MAY BE REQUIRED

Multiple fasteners within 1x outer diameter of the node.
All but one fastener must fail simultaneously below the MHB buckling force.

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 force




Bent Tubes /S

For bent pipes on the frame, it is important to note that the angle between the plane of the bent pipe and
the brace is 30 degrees or less.
To prove that All figures of the relevant parts must be attached.

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 [ ﬂﬁﬁ }
A brace is needed for stiffness and strength. 7 =]

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

=3 S — ol
=y BEND PLANE ) gﬁ % % Fﬁ
TEES /h MNote: braces within 30° of
e . - //\ max from PLANE automatically meet this re]
7

S———
EERE —— REPLACE THIS EXAMPLE W B T
BEND Only braces > 20 degrees out of plandg “ .

B Frariaii
An example of proving ﬁ@ié = - 8|
Calculate the angle with 17@FR.Une

Attach the results S 12 250ks A
26 12.19mm

F A X 12.19mm »
X X . ':ri)lf?YO.(XJmm ------.|IIII‘....
A curved pipe does not only refer to a pipe bent into an arched FMZ 016mm A
shape, but also a curved pipe when multiple straight pipes are 7740 Frame Rearbulckhaed 1 30 (LAPTOP- x
SRSKLSL0 (BRSO - 2018-04-27)SLDPRT &
connected together. 5 Frams Rearbulckbaec,1 30 (LAPTOP- |
SREKLSUO MERE I — 2018-04-27) SLDPRT o

774 ) Frame Rearbulckhaed 1 30 (LAPTOP-
8REKLSUO (MFRE I - 2018-04-27) 1747 7 71
ILR‘?“"/‘JIJDI> nd

Support Pipe



GR.1.4 - Good Engineering Practice = s&>

If the opening in the frame is large, perform an impactor check.
(Prove with illustrations)

This rule applies only when there is an open space below the
Upper SIS with a diameter of 254mm or more as shown in

the attached diagram.

An impactor with a diameter of 254 mm
must not pass through.

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.




Frame configuration example /S

Please consider the frame configuration with reference to the examples
below ( FBHS , SIS, MHBS , SH ).
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2024 SES

(Structural-Equivalency-Spreadsheet)

Guidance
F.3.4.3 Welded Inserts

F.5.12 Bolted members




Note: Welded Tube Insert JES<

The desighated areas are the following 5 locations.
-Removable Tube (MHBS )

‘When drilling a hole of

-AIP Insert (when bolting AIP directly to pipe)

-EV Accumulator

-Steering Rack Pass

When making a hole in the pipe of the basic structure and passing a rod, etc.,
To prove that the inserted pipe maintains its own rigidity.

If applicable, Yes/No will be automatically determined based on the input values of
ther sheets, so prove all parts for which a YES decision is made.

Any remaovable members
along required tubes?
1be Chassis BO133: Ye

ASSEMBLED TUBE + HOLE

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

EV Accumulator:

/
i N\ I
\ \

Illustrating all dimensions from which the
- cross-sectional area can be calculated.

Does the steering rack

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



Welded Tube Insert JES<

Attach the drawings that serve as the basis for calculating the cross-sectional area and moment of
inertia, and the CAD calculation results or formulas as evidence.

If the rigidity is insufficient, - will be displayed, so redesign with EQ the dimensions.

Each cross-sectional area and moment of inertia
Note: Young's Modulus is given in MPa, not Gpa. Please enter the calculation result (weakest direction) !

Minimum Tube With Hole

F.3.2.1 +
Tube Insert TUBE + HOLE
Material: ~ Steel Steel
Original tube:| Size A Round
F3.4.1 Wall thickness: 2

Outer Diameter: 25
Tube cross sectional area (A_1): 1.73E+02 -
Tube second moment of inertia (1_1): 1.13E+9% ™= ==

F.3.4.3 Tube with Hole cross sectional area (A_B): BLANK
Tube with Hole second moment of inertia (I_8): » RI ANK
Insert/Collar cross sectional area (A_®): BLANK
Insert/Collar second moment of inertia (Il): BLANK
F3.42 F.35.3 Young's Modulus (E): 2.00Ell- el Qe el W) INSERT

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*_1/r <= 4*(Su_2*|_2+Su_1*_3)/r:

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




Bolted Members VESe

When connecting the Main Hoop Brace with bolts, follow the legend below
to prove that the rigidity is equal to or greater than that of a single pipe.

The connection method is Double Lug There are two types:

Figure — Double Lug Joint Figure — Double Lug Joint

\ /Caopng Plate

e 378 In 1.D. Tubing
welded into ends
of slay

3716in min

Figure — Sleeved Butt Joint

Figure — Sleeved Butt Joint

dn 3 mn
e[e
Y

| |6 mm (1/4 in)




Bolted Members VESe

If the rigidity is insufficient, |REECT | will be displayed, so redesign with EQ  the dimensions.

Select Double Lug Joint or Sleeved Butt Joint before calculating

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

F.5.12.5 Double lug joints require a pin or fastener >= 10mm Grade 9.8 (3/8in Grade 8). All dimensions should be illustrated

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




lastly VE S,

The SES of Kyushu Institute of Technology , which has been uploaded as a model
example.

Information for participating teams | Student Formula (jsae.or.jp)
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