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Mo nco geu

Im m
Baseline Materials (n )

SES

500

, OVERHANG IS
" AGCCEPTABLE
BOTH ENDS

275

OK



Ste eTube 3-Point Te &

ietalic 10ad dp .
Tube Sup prt Span =400mm L:
Number of tubes =2 n:
Wall thicknes Ht): 12
Outer Diameter (OD): 2 5
Tube cros ssectional are gA): 114
Tube second moment of inertia(l): 85 0

F.433.a

F.4.33.b Maximum displacement >=19mm:

BLAN}
BLANK
BLANK

0

mm
mm2
mm4

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

N
mm

Absorbed energy at 19mm deflection (Are aunder curve)::|J

yltoy2 Displacement from bending (P*L"3/ 48*E*I):

Local crush (PA2*RA2*t/ (16*pi*Syr2*102)

Displacement from she a(0.5*P*0.5*L*shape/ A*0.3*E):
Displacement from test rig:

Rig compliance:

Theoretical El:

Tested El, uncorrected:

Pr pagate the yield fo mula pr wided in column AC to complete this section.

Be an curvature radius for 0.2% strain offset:

#DIV/ 0!
#DIV/ 0!
#DIV/ 0!
#DIV/ 0!
#DIV/ 0!
#VALUE!

0

mm
mm

mm

mm

m v/ kN
N*m m2

mm

Deflection at curvature: 0.00E+00 mm

Yield Force:
Maximum Moment:
Theoretical Yield:
Tested Yield:

36

N
N*m
MPa

BLANK
BLANK
BLANK
BLANK
BLANK

BLANK
BLANK

BLANK
EQ
EQ
EQ
EQ
#DIV/ 0!
EQ
EQ
EQ
EQ
EQ
EQ
EQ
EQ
EQ
EQ
EQ

F4.3
F43.1

Ste éTube 3-Point Test
Compostie 3-Point Test
Perimeter Shear Test
Lap Joint Test




Ste eTube 3-Point Te &

Required: Test setup images, me aurements.
All test samples must be presented at

Tech mcal Inspection.

Required: Load deflection curve.

Paste in log @d data from test below:
Use mm and N.

It is acceptable to resample the data at a lo
frequency to reduce the number of datapoin
Repeat the energy calculation in column thrqg

Do not assume all Steis are identical.

Disp. Force Energy Yield
mm N J N
M AX M AX 19 Intercept

H#N/ A H#N/ A

Number S/mm

© 0O~NOODWNER

[y
o




Composite 3- Point Te &s

202 20 22
Displac enent Force Energy

BLANK
BLANK

Disp. Force Energy

RI ANIK N mm N J
Force at panel fai ure or maximum tested force ymax: ' O N EQ MAX MAX 19
ADSOTDEd energy at test panar nergne. J N/A 2 15 7 @A29 # HH#H #H
EQ 0 S 0
Two Size B tubes uncor ected gradient: N/ mm EQ 0 0 (]
mm panel uncor ected gradient: #VALUE! EQ 154 1 2
Q 0 &
Uncor acted skin modulus of elasticity E: GPa CHECK 080 90
Uncor acted skin modulus of elasticity E: Pa EQ
Uncor acted skin modulus of elasticity E: psi EQ 5
EQ 06 4 g
Correction = MIN(Rig Compliance*(y2-y1), 0.5*(x2-x1) Ymm): #DIV/0! #DIV/0! #DIV/0! 8 5 &
Corrected skin modulus of elasticity E: GPa CHECK 4 040 3 10
Corrected skin modulus of elasticity E: Pa EQ / 0 50
Corrected skin modulus of elasticity E: psi EQ 538 3
UTS of skins 0 s MPa CHECK o
UTS of skins 0 s Pa EQ 0 53
UTS of skins 0 s psi EQ O 40 00U
0 : 4 70
0 6B (
(b 45b 00 q
41%)




Composite 3- Point Te &s

Required: Test setup images, me aurements.
Al tlest samples must be presented at

Technical Inspection.

Required: Load deflection curve.

el tube 3 point bending test

kN
o

o ”  Steel Tube 3-Point Test

Paste in logged data from test below:
Use mm and N.

It is acceptable to resample the data at a
lower frequency to reduce the number of

Repe athe energy calculation in column thr
Do not as sime al $teps are identical.

Disp. Force Energy
mm N J
MAX MAX 19

0 3 8M00
20
40
60

X1 Y, ||

20 400

71 |
ﬁ X2 Y2

73

74

75

76

77

{78 Peak 1




Perimeter Sh ar Te &

2012 20 22

EQ .

F.4.3.1 Dates of tests:| Disp. Force
F.4.35.a Punch diameter 2 snm (Lin):| | mm N
F.4.35.e Maximim fi ét Imm (.0 4i0):| | Al
F.4.35.b Sample Length 1 0rdm (4in) min:| |

Sample Width 1 0rdm (4in) min:| | 0 3.125
F.43.5.c¢c Maximum fixture hole diameter 32mm (1.2 &):| | 0.1 102.625
Panel Thicknes ¢ 0 0.2
Core thicknes ¢ 0 0.3
First Pe & Skin Thicknes s 0 ’
Second Pe & Skin Thicknes ¢ 0 0.4
F.4.35.9 S e G
F.4.3.5.h lMN_ 0.6
FBHSrequirement 4 0 N{ 0.0% 0.7
SIS & Ac amulator protection requirement 7 5 N(  0.0% 0.8
F435g O shear: 0 0.9

i Si d Peak-
Perimeter Shear Test T2.28.3, 12,345

requirement.

<o

First Peak:
Ymax, used to derive
shear strength O

Force

Displacement

Plunger —— |
Skin
Core




Perimeter Sh ar Te &

Required: Test setup images, measurements.

Paste in logged data from test
belo w

It is ac eptable to resample the
data at a lower frequency to
reduce the number of

Note: If the first peak is higher, it may be used
for T.2.33.3 or T.2.34.5.

datapoints.
Use mm and N.

Disp. Force
mm N
MAX MAX

(0] 0]

Required: Load deflection curve.

Second Peak:

Perimeter Shear Test T.2.33.3, T.2.34.5
requirement. O

First Peak:
¥Ymax, used to derive
shear strength G

Force

Displacement

Plunger — Steel Tube 3-Point Test
Skin
Core




La ploint Te &

202 2022
EQ EQ
F4.36.a Force at fai ulre or maximum tested force: N N/ A F.43.1 Dates of Shear tests:| N/A
Test sample lap area: mm2 N/ A F.4.3.7.a Shear force at fai ure or maximum tested force: 0 N N/ A
Lap Joint She aStrength: MPa N/ A Shear test sample lap area::|m m?2 N/A
Lap Joint She aStrength: Pa Lap Joint She aStrength: MPa N/ A
Lap Joint She aStrength: psi Il:ap i'n: Z:e azreng::: Pa Eﬁﬁ
) ap Joint She a Strength: psi
Bondfgz(;l?lﬁ)nlietr;gagt\/r\:;‘:lmln;m miﬁ F4.3.7b Bond overlap length w[  mm N/A
) 100% shear strength/ unit length: N/mm N/ A
UTS of skins ¢ s 7.6 &+02 MPe _
L UTS of skins 0 g, MPa N/A
Outer skin thlckness: 0.9 ~mm et Outer skin thickness: 0 mm N/ A
Load/unit length: 6 8.9 48 N/mm N/A Load/ unit length: #V AUE! N/mm N/A
F4.3.6.d Safety Factor mm N/A F437d Safety Factor mm N/ A
4 EQ )
T F.43.1 Dates of Tensi eltests:| N/ A
Lap joint test F.4.3.7.a Tensile force at fai ure or maximum tested force: 0 N N/ A
Shear strength derived by lap Tension test sample lap area::|m m2 N/ A
joint test. Lap Joint Tension Strength: MPa N/ A
Lap Joint Tension Strength: Pa N/ A
«Multiple shear strength by Lap Joint Tension Strength: psi N/ A
" overlap “w”. F.4.37.b Bond overlap length w::mm N/A
T _ 100% shear strength/ unit length: N/mm N/ A
. . A UTS of skins 0 s, MPa N/ A
bihc?:;r?;;e :S;ESI‘:;] ir:l ;j::::iﬂphecj Outer skin thickness: 0 mm N/A
Load/unit length: #V A\UE! N/mm N/ A
\F.4.3.7.d Safety Factor mm N/A)
\’ e
F.5.5 0.5 * minimum (tensile, shear): 0 MPa

0.5 * minimum (tensile, shear): 0.00E+00 Pa
0.5* minimum (tensile, shear): 0.00E+00 psi



2 022

Monocoque

F.7 Comp eite Chas B



Front Bulkh ed Sup prts (FBHS)

Front Ho p Braces (FHB)

Composite

Core thickness:
Outer skin thickness:
Inner skin thickness:

mm

2072

mm -

mm

—

Side Impact Structure (FHB)
Main Ho p Brace Sup prt (MHBS)

Note: Forces are given in Pa, not Mpa or Gpa.

Tested Tested Tested

Material E (Pa) S_Ultimate (Pa) Shear (Pa) Core Outer Inner
F.3.4.2 Ste & 2.00E+11 3.65E+08 2.11E+08 mm mm mm
F.4.3 Composite 1.07E+11 7.6 &+08 1.9 £+08 10 0.9 0.5
F.4.3 Composite (2) 2.22E+11 7.6 &+08 1.5 &+08 10 1.2 0.8
F.4.3 Composite (3) 8.29E+10 6.4 E+08 1.6 &+08 10 1.115 0.669




Ac amulator Side Protection

EQ
Top surface of Lower SIS to top HV Protection >=2 4rfm: mm N/ A
T.1.6.3.b Air gap to driver's se &>=2 &m: mm N/ A
EQ
Top surface of Lower SIS to top HV Protection >=2 4rﬂm:| mm N/ A
Composite
Core thickness: mm
Outer skin thickness: mm
Inner skin thickness: mm
Note: Forces are given in Pa, not Mpa or Gpa. Tested Tested Tested
Material E (Pa) S_Ultimate (Pa) Shear (Pa) Core Outer Inner
F.3.4.2 Ste ¢ 2.00E+11 3.65E+08 2.11E+08 mm mm mm
F.4.3 Composite 1.07E+11 7.60E+ 08 1.94E+08 10 0.9 0.5
F.4.3 Composite (2) 2.22E+11 7.66E+08 1.55E+08 10 1.2 0.8
F.4.3 Composite (3) 8.29E+10 6.47E+08 1.66E+08 10 1.115 06 6




2 022

Monocoque

F.10-11 At achments



Harn e Atsdc hments

Lap Belt An t-Submar ne Belt
1 XN 1 XN

2012

F.7.1 Ola

Force at failure or maximum tested >fF 1 BN:

202

Lap belt and anti-submarine at achment:

F.7.1 01.d Lap and anti-sub share attachment or insert?:
F.7.1 01.d Minimum spacing, lap to anti-sub 1 2rbm (4.9 £): mm
F.7.1 02.a Minimum distance, fixture toload 1 2rbm (4.9 #): mm
F.7.1 Ol.c Force at failure or maximum tested >= 1 &N: N
EQ
Separate Anti- Sub:
Same insert design as lap or anti-sub?:
F.7.1 Ol.c Force at failure or maximum tested >= 1 &N: N
7th Point At achment:
Same insert design as lap or anti-sub?:
F.7.1 Ol.c Force at failure or maximum tested >= 1 &N: N

BLANK
BLANK
BLANK

BLANK

N/ A
N/ A
N/ A

N/ A
N/ A



Harn e Asdc ments

Load Deflection Curves Paste in logged data from test below:
Test Setups and Measurement Pictures

It is acceptable to resample the data at a lower frequency to

reduce the number of datapoints.

mm N mm N mm N

Samples After Testing
Actual Design Images

Sl A LA

Anti-submarine test

E ==

steel tub‘e 3 point ber}dingtest '
X, Yo Peak
10 —
X1 Y1,
8t //"
//
Z 6 /
X1 Y1, X2 Y2
4r /
2 I "’II. -
| | Steel Tube 3-Point Test
00: 5 TAa 15 20 25 ‘
mm




The SES can calculate equivalence for a full monocoque.
The SES can calculate Hybrid equivalence for panels replacing FBHS and/or SIS diagonals.

(Additional documentation is required for Hybrid panel attachment.)
25mm x 1.8mm

Ac eimulator
Container

AALIWPEIQLN2=T1L,

Include a legend with a di

Include a different color fo
differences in layup, core i
Show the Fuel / HV system

—= 30mm

Use the same color for all t
or 1.2mm (.047in) wall thi
structural (T.2.5.4). Consid

ICV

)

EV Ac eamulator Container

2 5mm 1.2mm




Fro hBul head Su p pt o

Baseline 3 El
(1)

Baseline3
(2)(1) EI 100%

zz
MHB S ( d) Baseline 3
*2
l, .+ A*d
* * *A2
Eyour Izz EBaseline (Ilo c+ A*d )
FBHS, FHB CAD with dimensions reqguired.
1 EBHS Include skin and core thickness, height, depth,
( ) ] and moment of inertia.
Panel Height TSNS HNOURGNEAS  Stcc| tube configuration used for
" ) : equivalency comparison:
€ >4
: =3+ Za(g2_q?) 1. =3*2+*(da:-d*
| QA—34(do d?) L 64(, 7
1 i (d—,]' g Chassis_width
I S 2
I
Composite configuration used
@ for equivalency comparison:
E4 : -Use section cut properties
e : calculated by CAD system.
Z
@ - 1zz of half car with the
: : : reference coordinate system at
\ X : Y : the centerline of vehicle.
, : ] 1
IzZ S5 Iloc + A ¥d? Passes equivalencytest




Fro h Bul head

El Baseline 2
(1)
Fr at Bulkhead Bulkhead
FBHS Bulkhead 2 YAmm
Baseline 2
(2)(1) B 10%
Fr it Bulkhead Bulkhead
Bulkhead 2 YAmm
El Baseline 2
Bulkhead 2 SAmm

Bulkhead

i (=

Monocoque Bulkhead Dimensions

wEiay noing
wEiaH peayying

Cutout Width
Bulkhead Width
3
2 4

Bulkhead

Front Bulkhead Support




Main Ho o Brace Su p gt o

El Baseline 2
(1)
Baseline?
Panel Height
(2)(1) ElI 1 00%
IZZ
MHB S ( d) 2
lo .+ A*d?
Eyour*lzz EBaseIine* (Ilo C+A*d2 )
(3)
(2)
MHB S 2 !
U SIS =
15 onm PR
Lower SIS

SES



Sid dmpact Structure

El Baseline 2
REPLACE THIS EXAMPLE WITH YOUR OWN CAD.
Include all required dimensions.
El Baseline 2 El

El Baseline 1 El

El
Side Impact Structure I

Lowest Point inside Chas § s Lowest Point inside Chassis

3 0mm “ 1

[agomal Side bmpact Member
=

Upper Side Impact Member
tenmpletely in zone)

i
il

320 mm

2240 man

“Lower Side Impact Member

Panel Width !

-,
I Loswest Point in Cockpit

e e i e e T

F.7.6.3 F.4.4 The vertical SIS, calculated as a flat panel, must be >= two SIS tubes.
F.76.4 F.4.4 Half the flo o, calculated as a flat panel, may be ad ed for third tube EQ.

F.6.4.4b The vertical SIS must re &h 2 4rOm+2 &m from the lowest top surface of the flo o.
F.6.4.4b 3 2rm panel height above the flo ois the maxiumum available for equivalence.

Structure above 3 2rfim is encouraged.
T.5.5.4 Monocoque flo os under a fuel tank require two or more 2 fn mdrains in front of the ts



Mo nco gelAt tchaments

Bracket / Insert / Backing Plate/ Edge Distance

2 At dchment M8 2
Front HoO o p ( )

Insert

Backing Plate
t2

Bracket

Edge Distance




Mo nco qgeu

CAD
Lower Mai ™Ho @ Bracing Sup port
Lower Side Impact Structure

Composite material is
Insufficient.

Main Hoop

Main Hoop Bracing
Upper

Side Impact Structure
Main Hoop Bracing Support

Lower

nM‘., _
Lower /' ain Hoop Bracing
Support

Side Impact Structure



Mo nco geu

Front Hoop Bracing

CAD
Mnocoque
Bracing
Front Hoop Bracing
ng
Front HOOP Brac! : : Front Hoop
Upper SIS

Lower SIS

Front Ho @ Bracing

Front Ho @



