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2019

SES

El
)
1.2mm
(T.2.6.5)
El 2.68E+03  4.02E+0f
Area, mmA2 1825 e |
Vield tensile strength, N 5.57E+04  8.35E+0f)
UTS, N 6.66E+04 9.99E+0 !
Yield tensile strength, N as welded 3.28E+04 4.93E+0 !
UTS, N as welded 5.47E+04 8.21E+0 !
Max load at mid span to give UTS for 1m long tube, N 1.54E+03 2.31E+0 !
Max deflection at baseline load for 1m long tube, m 1.20E-02 7.98E-0 !
Energy absorbed up to UTS, J 9.22E+00 1.38E+0 |

Max deflection at baseline load for 1m long tube, m

2018

100%
(T25 T.2.7)
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SES

(2018 ) T3.4.1

ITEM or APPLICATION OUTSIDE DIMENSION

N WAILL THICKNESS
Main & Front Hoops. Round 1.0 inch (25 .4 nun) x 0.095 inch (2.4 mm)
Shoulder Hamess Mounting Bar or Round 25.0 mun x 2.50 nun metric
Side Impact Structure. Front Bulkhead. Round 1.0 inch (25.4 mun) x 0.065 inch (1.65 mm)
Roll Hoop Bracing. or Round 25.0 mm x 1.75 nun metric
Driver’s Restraint Hamess Attachment or Round 25.4 mm x 1.60 mm metric
{except as noted above) or Square 1.00 inch x 1.00 inch x 0.047 inc
EWV: Accumulator Protection Structure or Square 25.0 mum ¥ 25.0 mum x 1.20 mm me
Front Bulkhead Support. Main Hoop Round 1.0 inch (25.4 mun) x 0.047 inch (1.20 m\W)
Bracing Supports. Shoulder Hamess or Round 25.0 mm x 1.5 nun metric
Mounting Bar Bracing
EW: Tractive System Components Protection | or Round 26.0 mun x 1.2 nun mets

©25.4 t1.6 OK

2019 T.251 1501902

T.2.5 Baseline Tubing and Material
T.2.5.1 Minimum Dimensions — Steel Tubing
Application Outside Diameter and Wall Thicknes/l)ptions
Main Hoop, Front Hoop, Round 1.0 inch x 0.095 inch,
Shoulder Harness Mounting Bar Round 25.0 mm x 2.50 mm
Side Impact Structure, Front Bulkhead, Round 1.0 inch x 0.065 inch, %
Roll Hoop Bracing, Driver Restraint Harness Round 250 mm x 1.75 mm,
Attachment (other than Shoulder Harness Square 1.0 inch x 1.0 inch x 0.047 inch,
Mounting Bar), Square 25.0 mm x 25.0 mm x 1.20 mm

(EV) Accumulator Protection Structure
Front Bulkhead Support, Main Hoop Bracing Round 1.0 inch x 0.047 inch,

Supports, Shoulder Harness Mounting Bar Round 25.0 mm x 1.5 mm
Bracing,

(EV) Tractive System Component Protection

Bent Upper Side Impact Member Round 1.375 inch x 0.047 inch

Round 35.0 mm x 1.2 mm
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University Name
Team Name
Competitions
Car Numbers

Team Contact(s)

Email Address(es)

Faculty Advisor

Email Address

Powertrain Type

FSAEJ2019

Select Drop Down X

\

Internal Combustion

Electric VVehicle



25mm x 2.5mm

25mm x 1.8mm

25mim x 1.8mm

Toom

Include a legend with a di\ferent color for each tube size and style. =
Use the same color for all t\bes smaller than 25mm (1in) diameter
or 1.2mm (.047in) wall thick These are idered non-

structural (T.2.5.4). Consider

king them semi-transparent. Indlude alegend with i ditterent color for each lube size and style,
use the same color for all twbes smaller than 25mm | Lin) dismeter or
L.2mm (.047in) wall thicknosz. Theze are considered non structurzl

(T.2.5.4). Considermaking them semil-fransparent.

ICV EV Accumulaton Container

25mm 1.2mm

Ao I=TEIQX 2T
EScHLTEATED.




Anti Intrusion Plate

T.2223
a.
1:1
25
b. M8 5/16
50
T.10.2 T.10.3. [ )
l:: Tt --lu':. s #
Include all required dimensions. N
The Front Bulkhead shape may be more complex than this example.
Total Width
Oy A bolted Anti Intrusion plate
reaches the perimeter of the
bulkhead. At least 8 x 8mm
Diagonal if (5/16in) T.10.2-3 bolts are used.
Total required inimum spacing 50mm (2in).
Height C
Bolt
spacing BUIKhead
—_
Ej/
Weld
Spacing | * i)

Weld Length




Anti Intrusion Front Bulkhead

—_—
BLA Anti-Intrusion and Front Bulkhead
T.2.22.1 Anti-Intrusion Plate (Al) material;| Steel EQ
Steel: 1.5mm (0.060in), Aluminum: 4.0mm (.157in): in
T.2.39 - For Al plates made of any material besides steel or aluminum, either the IA test OK

or 3-Point and Shear tests are required. In the latter case, the 3-Point and Shear tabs in the
Monocoque / Hybrid / Non-Ferrous SES must be copied into this file and completed.

BLANK
T.2.22.2 Al Attachment:| Welded EQ
Al plate must at least reach the centerline of Front Bulkhead tubes. EQ
At least half the perimeter must be welded: % BLANK
Shortest weld >= 25mm (lin): in BLANK
T.2.19 Front Bulkhead (FB) thinnest wall tube used:| Round EQ
Wall thickness:| 7] in BLANK

Outer Diameter (OD): _J— N BLANK
T.2.5.1 - minimum Front Bulkhead tube size:

Round: 25mm x 1.75mm (1in x .065in)
Square: 25mm x 25mm x 1.2mm (1in x 1lin x .047in)

T.2.6.3 - For alternate T.2.6 Front Bulkhead wall thicknesses as low as 1.2mm (.047in), the
outer diameter must be increased to maintain the cross sectional area.



Anti Intrusion Front Bulkhead

25mm
-_—

T.2.23.4 Impact Attenuator (IA) used:| Standard EQ

Longest FB dimension (Height or Width) in BLANK A
Shortest FB dimension (Height or Width) in BLANK

Optional Front Bulkhead Diagonal: und EQ

Diagonal wall thickness: / in N/A

Quter Diameter (OD): / in N/A

I No diagonal or X-brace r

1A FBH X-brace
T.2.234
A AIP A
25
a T.25
T.2.6 T.2.7
b. AP 25mm STD




Turned steering wheel at max
radius must be below top of FH.

Include all required dimensions.

Gap <=250mm (9.8in)

Good, but not required for nodes
to meet front-view hoop bends.
10 degrees max rearward
above Upper 515 without
rear Roll Hoop Bracing.

+/- 20 degrees max
side view angle at
any height.

Side-view bends must be braced with a
minimum 25mm x 1.2mm (lin x .049in).

OK
EQ

EQ

Front Hoop

BLANK Front Hoop (FH)

T.2.12.2 - The FH runs from the lowest frame member on each side.
T.2.12.3 - The FH may be multiple pieces. Side view bends must be braced
per T.2.8.

T.2.12 Front Hoop thinnest wall tube used:] Round EQ
Wall thickness: in BLANK
Outer Diameter (OD): in BLANK

T.2.5.1 - minimum Front Hoop tube size:
Round: 25mm x 2.5mm (1lin x .095in)

T.2.6.3 - For alternate T.2.6 Front Hoop wall thicknesses as low as 2.0mm
(.079in), the outer diameter must be increased to maintain the cross
sectional area.

Turned Steering Wheel minimum below FH
T.2.12.4 top:

FH to Steering Wheel gap <=250mm
T.2.12.5 (9.8in) in BLANK

Maximum Front Hoop side angle <=20
T.2.12.6 degrees:

degrees E=1 NN

FH rearward lean above Upper SIS <= 10,
T.2.14.5 or braced:
Rearward Front Hoop Brace is not required.

degrees EE1 AN




FBHS FHB

Front Bulkhead Support Front Hoop Brace
ABC

There are three basic configurations for the FBHS:

A Upper FBHS from the top of the FB to the Upper SIS, with a tolerance.
Lower FBHS from the bottom of the FB to the Lower SIS.

B Upper FBHS from the top of FB to above the Upper SIS, braced rearward.

. Lower FBHS from the bottom of the FB to the Lower SIS.

Upper FBHS from the top of FB to above the Upper SIS, braced rearward.

C . Lower FBHS from the bottom of the FB to the Upper SIS, with a tolerance.
A second Lower FBHS path from the bottom of the FB to the Lower SIS.

FHB: 50mm (2in) max below
top of FB and top of FH.

A.

Highlight/trace/color-code
Upper and Lower FBHS.

\ Upper FBHS Upper SIS
, 100mm (2in) / -50mm (2in) Rear FHB

at Upper SIs.

: FHB Upper FBHS

LOWER

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

FHB

FHB Upper FBHS

Upper FBHS Upper SIS
Rear FHB

B UPPER

LOWER

Upper and Lower FBHS may

have multiple braced bends. FHE UPPER

T FHB Upper FBHS
Cerred <: Upper FBHS Upper SIS

Rear FHB

C.




Rear FHB

Front Bulkhead Support Front Hoop Brace
Rear FHB R1 R2

R1 R2
GROUNDS FOR REJECTION

T.2.10.2 - The FHE must be supporied by a properly
triangulated structurs,

Mowve the FHE down to an Upper 515 node or add
uuuuuuuu

Rear FHRE

LONAER 515 LOWWER 515

Rear FHB Rear FHB

\Yg \Yg

v Rear FHB FHB
v



FBHS FHB

BLANK FBHS and FHB

B A

T.2.20 Front Bulkhead Support (FBHS) thinnest wall tube:| Round EQ

Wall thickness: in BLANK
Outer Diameter (OD): in BLANK
T.2.5.1 - minimum FBHS tube size:

Round: 25mm x 1.5mm -or- 26mm x 1.2mm (1in x .047in)
Square: 25mm x 25mm x 1.2mm (lin x 1in x .047in)

BLANK OK
T.2.20.2a Top of FB to Upper FBHS tube, 2in vertical Iimit:in BLANK EQ
T.2.20.2at FBHS configuration: A EQ
Top of Upper FBHS tube relative to top of Upper SIS tube:{ Above EQ
Without Rear FHB, vertical limit 4in above: in

Rearward Front Hoop Brace is not required. EQ

Top of FH to top of FHB tube, 2in vertical Iimit:'

B A

T.2.14 Forward Front Hoop Brace thinnest wall tube:l Round
Wall thickness: in
Outer Diameter (OD): in
Rearward Front Hoop Brace is not required.
EQ

T.2.20.2b Rear Front Bulkhead Support thinnest wall tube:| Round N/A
Wall thickness: in N/A
Outer Diameter (OD): in N/A




Side Impact Structure

CAD N
OK-NG

REPLAGE THIS EXAMPLE WITH YOUR OWN CAD. w
S1 S5 R1 R5

Include all required dimensions.
Highlight/trace/color code Upper and Lower SIS.
Bent Upper SIS must use larger tube whether bent in top or sid

7T kg (170 Ibs) ] LoweR sis
Driver seated in normal
driving position

\ s2 R2 [ —

In this example
Upper Frame Member

not considered part of

T.2.10.2 - The FHB must be supported by a properly
Uisngulaled struclure.

Move the FHB down to an Upper SIS node or add
one tube.

Rear FHB.

Side Impact Structure

Diagonal Side
Impact Member

- O K Lowersis Lowerssis

300-350mm E S3 R3 GROUNDS FOR REJECTION
T.2.10.2, T.2.8 - The FHB must be supported by a properly
cture, it be

(118-138in)
triangulated structure, and multi-segments mus
-

| LOWER SIDE IMPACT Enie Tubs in Zone et

Add another triangulating tube
........ (example RS) or reconfigure the
triangulating tubes (example R4).

Side Impact Structure (SIS)

BLANK

LOWER SIS LOWER SIS

54 R4

T.2.26.4

Lowest point of Upper SIS at ride height >=11.8in:
Highest point of Upper SIS at ride height <=13.8in:

Upper SIS geometry:
Upper SIS thinnest wall tube used:| Round EQ —
Wall thickness: in BLA

Outer Diameter (OD): in BLA

LOWER SIS LOWER SIS

B A RS

T.2.26 Lower and Diagonal SIS thinnest wall tube used:] Round
Wall thickness: in
Outer Diameter (OD): in




M/Hoop  S/H Bar

BLANK M/Hoop and S/H Bar

Main Hoop and Shoulder Harness Bar are one piece. no cuts.

| All bends centerline radius > 3 x OD. cood. bl ot T.2.11 Main Hoop thinnest wall tube used: Round EQ
ood, but nof i .
required for Wall thickness: in BLANK
nodes to meet
Shoulder Harness Braces front-view bends. Outer Diameter (OD) in BLANK
must run back to the
Main Hoop.
Min 30 degree side view. y
N ) T.45 Shoulder Harness Bar Geometry:| Straight EQ
All side-view bends in i
the Main Hoop must Shoulder Harness Bar thinnest wall tube used:] Round EQ
Above Upper SIS: be braced to an MHBS
Max 10 degrees NODE

forward or rearward

Wall thickness: in BLANK
Min 30 degrees between \ Outer Dlameter (OD) |n BLANK

Pty 21 Braces: Shoulder Harness Bar does not require braces.
EQ
T.4.5.3b Brace angle to plane of SH side view >= 30zl:|degrees N/A
T.2.8.1 - The plane of a bent tube is defined by the straight axes on either side of the bend.

Below Upper SIS: Shoulder Harness Bar does not require braces.

Mo limit forward.
10 degrees max rearward.

Min 380mm (15") between bottom ends. EQ
T.4.5 Shoulder Harness Brace:| Round N/A
Wall thickness: in N/A
CAD Outer Diameter (OD): in N/A
T.2.11.3a Main Hoop direction in side view above Upper SIS:|Rearward EQ
- Main Hoop side angle above Upper SIS <=10: degrees [ME]WA\[
T.2.13.3 Main Hoop Braces may run forward or rearward.
O K T.2.11.3c Main Hoop direction in side view below Upper SIS:
EQ Main Hoop <=10 degrees in the rearwarddirection:

EQ

T.2.8.1 Minimum tube centerline radius: in BLANK

Outer Diameter (OD): in BLANK




MH Brace  MHB Support

CAD R

D1

Include all required dimensions. |

between top sufates OK-NG
D1 D5,E1 E5 F1 F5

Rearward ey protection befew Tl
MHE

Forward
MHB 30 degrees | 30 degrees

Tubes behind the MHBS are D2
generally unregulated. Below
350mm (13.8in), additional
triangulated T.2.5-6 tubes
may be needed for Fuel or

HV Tractive System O K

u ul et Urewgulated
[ " St ncept i
™ s = Final aee 4.

LOWER
D3
Main Hoop Braces may run forward or rearward.
T.2.13.3 Main Hoop brace direction:)Rearward
T.2.13.4 Angle between MH and MHB >=30 degrees: degrees BLA ”

- Ve D UPPe MBS

i v
/ R 17 e

T.2.13.4  Top of MH to top of MHB tube, 6.3in vertical limit: in BLA
T.2.13 Main Hoop Braces thinnest wall tube:] Round ' -

. R = i LOWTH M Q‘}é T};;’&L?mhwlmwn
Wall thickness: in A 7% U 7—'
. N =)

Outer Diameter (OD): in BLA —
2 D5 ES
T.2.13 Main Hoop Brace Support (MBHS) thinnest wall: Round
Wall thickness: in BLA

o

Outer Diameter (OD):

)




Helmet Clearance, Head Restraint and Rear Wing Mounting

CAD

I 7.2.12.5,9 - Unbraced Main Hoop and Brace spans illegal for wing mounting.

H |deally, the entire head restraint structure will meet the helmet requirements.

Single braces under a wing mount are strongly discouraged. Teams are
required to include an additional calculation to the SES:
wing mount failure < unbraced mhb bending failure

T.2.139 -
: Wing mounts cannot be added to

Below 350mm in this area, Fuel and HV systems require
a complete triangulated structure with minimum
25mm X 1.5mm, 26mm x 1.2mm, or 1in x .047in tubing.

the middle of the MHB without
bracing.

BLANK Helmet Clearance, Head Restraint,
and Rear Wing Mounting

Helmet >=50mm (2in) below Roll Hoop plane:

T.2.10.3a

OK

EQ

T.2.10.3bc Main Hoop Braces protecting Helmet:
T.2.10.3bc Helmet >=50mm (2in) below Hoop/Brace plane:

T.2.2.1 Head Restraint >=0 from ground in any rollover:
EQ
T.2.13.9 Rear Wing chassis mounting Iocations:| | EQ




EV

EV Accumulator Tractive System Protection

Side Impact Structure




