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At @én ator and Da g al
e

A 4

BLANK Attenuator and Diagonal

Standa d Fo an
Standa d Hon gscomb

Impact Attenuator Type: 4
Standard Foam Attepuator Height:|‘ 304m m (12in)
Standard Foam At gnuator Width: /' 355mm (14in)

Custom-Non-Composi &

F.8.4.3 Front Bulkhead Outside toOutside Height/ mm ustom-Compo s &
Front Bulkhead Outside Tp Outside Widh: mm |A 4
F.8.4.3 Diagonal Tube, Attenuator Telst, or Composite BLA
Minimum Tube Use
F.3.21 Example: 25.4mm x 1.2mm roynd Steel [ A BLA
F.3.4.1 Diagonal Mihimum Tybe:  Sjze A BLA
al thickness: Vi mm BLA
F.3.4.1 Squaye side: mm BLA
Wal thickness;/ 000" 2 m
are sigé: .025 m
Tube cross gectional are :/9.10E- 05 m”2
Tube second mpmenyof inediZ (): 6.70E- 09 mh4
F.3.4.2 Ygung's Mol (E): 2.00E+11 0.00E+00 Pa BLA
F35  cCritical Sy: 3.05E+08 0.00E+00 Pa BLA
Buckling Modulus E A ~ E_2*|_2: 1.34E+03
Sy: S A* <= S 2*A 2. 2.78E+04
Bending 4*S 1* =4*S 2*|_2/r: 6.43E+02
Deflection ending_1/ (48*El): 1.00E-02

Energy *Bending"2/ (48*El): 3.22E+00




At @ ator and Dia g al

Insert Pictures - may be ad @d left or below:

(a.) Standard Impact At d@nuator Receipt

(b.) Adhesive Material Properties -
Indicate selected value, include units conversion
(c.) Composite Material Receipts
(if not already on 3-P ont test tab)
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Anti-Intrusio rPlate

Composite AIP Physical

Physical
F.8.2.1 Anti-Intrusion Plate (Al) material: ® F.8.2.1 Anti- Intrusion Plate (Al) material: mposite
Steel: 1.5mm (0.0 6in), Aluminum: 4.0mm (0.15 h): mm BLA Ste & 1.5mm (0.060in), Aluminum: 4.0mm (0.1 5ii): mm N/ A

F.8.3.2 - AIP 3-Point & Shear or 1 kN Phy scal Test required.

F.8.3.2 Al plates made of any material besides steel or aluminum must either: F.8.3.2 Al plates made of any material besides ste €or aluminum must either:
F.8.3.2.a Bephysically tested on arepl ca bulkhe d up to 12 &N, E.8.3.2.a Be physically tested on areplica bulkhead up to 1 PkN,
with the load distributed over the 200 m mx 100m m minimum |A area. with the load distributed over the 2 0 @im x 1 O@mminimum IA are a
F.8.3.2.p Show F.8.3.4 120kN equivalence from F.4.3.1 laminate testing. F.8.3.2.b Show F.8.3.41 2KN equivalence from F.4.3.1 laminate testing.

F.8.3.2 Composite Anti Intrusion: Steel N/A F.8.3.2 Composite Anti Intrusion: Composite
F.8.3.2 Composite Al Equivalence: N/A F.8.3.2 Composite Al Equivalence: BLAN kK
Type SES Tab Name Of Layup Used: N/A Type SES Tab Name Of Layup Used: BLAN kK
Core thickness: mm N/A Core thicknes ¢ mm BLAN K
Outer skin thickness: mm N/A Outer skin thickness: mm BLAN K
Inner skin thickness: mm N/A Inner skin thickness: mm BLAN kK
Thickness of panel: 0 mm N/A Thicknes sof panel: 0 mm
Composite Panel Height: mm N/ A Composite Panel Height: mm BLAN k
Composite Panel Width: mm N/ A Composite Panel Width: mm BLAN k
Top Edge of FB to Top Edge of 1A: mm N/ A Top Edge of FB to Top Edge of IA: mm BLAN k
F.8.3.1 Minimum Required Impact Attenuator Height: 100 mm N/A F.8.3.1 BLA NK © 100 mm
Minimum Required Impact At énuator Width: 200  mm N/A im 200 mm
Second moment of inertia |, Vertical: mh4 N/A I: m~h4
Second moment of inertia |, Horizontal: mAh4 N/ A I: m~4
Young's Modulus (E): Layup Pa N/A EQ Layup Pa BLAN K
Ultimate Tensile Strength (S): Name Pa N/A Ultimate Tensile Strength (S): Name Pa BLAN K
Shear: Typo Pa N/A She & Typo Pa BLAN K
F.8.3.1 MaxBending Moment, Vertical (120kN Partial UDL): Nm N/ A F.8.3.1 MaxBending Moment, Vertical (1 2KN Partial UDL): N
Max Bending Moment, Horizontal (120kN Partial UDL): Nm N/A Max Bending Moment, Horizontal (1 2kN Partial UDL): N
Max Bending * Maxy/ | = Max Stres sVertical: Pa N/ A Max Bending * Maxy/ | = Max Stres sVertical: Pa
Max Bending * Maxy/ | = Max Stress, Horizontal: Pa N/ A MaxBending* Maxy/ | = Max Stres sHorizontal: Pa
UTS(S) / Max Stress = Safety Factor, Bending: N/A UTS (S) / Max Stres s= Safety Factor, Bending:
Perimeter Shear Stres s1 PkN Load: Pa N/A Perimeter Shear Stres $120kN Load: Pa

Safety Factor, Perimeter Shear: N/ A Safety Factor, Perimeter She &



JA At dchment

Front top of IA > 2 4rmabove lowest point in cockpit:
Front bottom of IA < 2 2rim above lowest point in cockpit: mm
F.8.5.2 IA to Al plate mounting method:
mm
0.00E+00 N
N/ m m2
0 N/ m m2

—

Diagonal Side Impact Member«

2 410m

Upper Side Impact Member
(completely in zone)«

—

Lowest Point inside Cockpit £

(example location)« E
&
]

TR TR TR TS TS ‘H‘MH‘M‘M‘M?&‘\‘M‘M‘M‘M‘\‘M‘M‘M‘M‘M‘M‘M

240 mm+

T Lower Side Impact Member+

—_—

2210m



Anti-Intrusio rPlate, |A At dchment

Insert Pictures - continued: AlP | A

(d.) Wing Detachment Material Properites

(e.) Other Wing Detachment Calculations

(if not using standard fastener shear)

Insert measurement of |A front top edge height.

Shear Dimensions
Do not count holes as part of the area.
Even with precrush, honeycomb bond area is
usually <50% of the face.

Insert measurement of |A front top edge height.

Shear Dimensions CAD
Do not count holes as part of the area.
Even with precrush, honeycomb bond area is
usually <50% of the face.




Wing Detachment

Fron tWing

Front Wing Status 5

EQ
Front Wing Status: Mo Front Wing - [N/A
q
Front Wing Physically Tested With LA M/ A :
FA
Frant Wing Physically Tested Without 14 BLANK PhYSICa| Tests
Standard Shear Calculation EQ
P|Custom Calculation EQ Insert Te §Pictures - may be added below:
F87.2a Peak deceleration force <= 120000N 95000 N EQ (a.) IA and FB test fixture before the test
Peak deceleration remains <= 40g: 323 g =Q (F.8.7.4.d) which also shows the mithod of
spa igid
(b.) 1 test
Fr at Win g (F.8.7. s less
A
EQ .
Front Wing Status: | No Fr_of Wing | ~A (c.) IA/ AIP Force Displacement Curve
N N/ A
I:I N/ A (d.) IA Energy Displacement Curve
0 N EQ
Pe & At @nuator Force: 95 0 N EQ
F.8.7.2.a Pe & deceleration force < =120 OGN 95 0 N EQ Paste in logged data from test below: Paste in logged Paste in logged
Pe & deceleration remains < = 40g: 32.3 g EQ .
It is acceptable to resample the data at a data from test data from test
lower frequency to reduce the number of below: below:
datapoints. Repe athe weighted average It is acceptable to It is ac eptable to
force and energy calculations in columns resample the data resample the data
I A three and four. Do not as sme al dteps at a lower at alower
Disp. Force Weighted Energy Disp. Force Disp. Force
| A mm N N J mm N mm N
MAX MAX MAX MAX MAX MAX MAX MAX
Custom |A 0 0 0 0 0 0 0 0
Front Wing Status: |Fr ot Wing Phy scally Tested Without I! EQ
Tested fai ulre force: N BLANK
Which column has the front wing force data? BLANK
Wing detachment force: (o] N EQ
Pe & At @nuator Force: 95 0 N EQ
F.8.7.2.a Pe & deceleration force < =120 OGN 95 0a N EQ
Pe & deceleration remains < = 40g: 32.3 g EQ 1 m m




Fro th Bulkhead

Include all required dimensions.
The Front Bulkhead shape may be more complex than this example. B H
Total Width
—
Diagonal if
Total required.
Height
o ; ;
If using tabs for mounting,
see EV tab for brace web &
Weld length diagram.
Spacing | ' @]
Weld Length
If not matched to the outside perimeter of the
bulkhead, a welded Anti Intrustion plate reaches

i e g NOT PERMITTED: changed design or dimensions for Standard

At least 50% of the plate perimeter is welded, AI P IATYPE12
with 25mm (1lin) minimum welds.

—1—Iq—>25mm max.25 mm max.25 mm
F.8.4.3 4®Mx350mm h ~ =1

ré

Required Diagonal or X-Brdce for Front Bulkheads E
exceeding 25.4mm (View in cockpit looking forward) 9

Positioning of the Standard I1A g



Fro h Bulkhead

Tube Composite

Tube Composite
EQ
F.6.1 Fr ot Bulkhead Tube EQ F.6.1 Front Bulkhead | Composite | EQ
Minimum Tube Used EQ Minimum Tube Used N/A
F3.21 Bxample: 2 %mmx 1.6mm round Steel F.3.2.1 Example: 25.4mm x 1.6mm round Ste ¢ | NA
Fs4l Diagonal Mm'mum Tube:  size B F.3.4.1 Diagonal Minimum Tube:  Sjze B N/A
wal ﬂhmkm,es S 12 mm Wall thickness: 1.2 mm N/ A
F34.1 Square side: 25 mm )
Wal thicknes s 0.0012 m F34.1 Squf’:lre side: 25 mm N/ A
Square side:  0.025 m Wall thickness: 0.0012 m N/ A
Tube cros ssectional are aA): 1.1 £-04 mn~2 EQ Square side:  0.025 m N/A
Tube second moment of inertia (I): 8.5 E-09 mh4 EQ Tube cros ssectional area (A): 1.1 £-04 mn2 N/ A
F.3.4.2 E35 Young's Modulus (E): 2.0 &+11 0.0 @00 Pa BLANK Tube second moment of inertia (1): 8.5 E-09 mn4 N/ A
F.35  Critical Sy: 3.0 £+08 0.0 &+00 Pa F.3.4.2 E35 Young's Modulus (E): 2.00E+11 0.00E+00 Pa N/ A
Buckling Modulus E 1*_1< =E 2*_2: 1.7 &+03 EQ F35 Critical Sy: 3.05E+08 0.00E+00 Pa N/ A
Sy: S IPA 1< =S 2*A 2 34 &+04 EQ Buckling Modulus E 1*1 1< =E 2*|_2: 1.7 &+03 N/ A
Bending 4*S 1*1_1/r< =4*S 2*1_2/r: 8.1 E+02 EQ Sy: S 1*A 1< =S 2*A 2 3.4 §+04 N/ A
Deflection Bend?ng_l/(4 8El): 1.00E-02 EQ Bending 45 l*l_llr : —4*S _2*I 2_“_: 8.1 E+02 N/ A
Energy 0.5*Bending™2/(4 8El): 4.0 &+00 EQ Deflection " “Bending_1/(48*El): 1.00E-02 N/ A
Energy 0.5*Bending™2/ (48*El): 4.0 &+00 N/ A
F.7.3 Front Bulkhead Construction: Composite EQ
Front Bulkhead Tubes Replaced Size B: 2 Diagonal Size C: 0 EQ
Type SES Tab Name Of Layup Used:|
Front Bulkhead EQ
Core thickness: mm
Outer skin thickness: mm
In rer skin thickness: mm
Thickness of panel: 0 mm
Front Bulkhead Height: mm
Front Bulkhead Width: mm
Cutout Height mm
Cutout Width mm
Composite Panel Height: 0 mm
F.3.4.2.a Young's Modulus (E): 200E+11  Layup Pa

Ultimate Tensile Strength (S): 3.65E+08 Name Pa
Shear: 2.11E+08 Typo Pa




Al to FB At @échme
Al plate must match entire Front Bulkh®
Number of 8mm critical fasteners (8 required):
Minimum distance betwe @ bolt centers:

EQ
Bolting AIP to tube Front Bulkhead

dachment

Bolted
Welded
Laminated

mm

3

F.8.2.3.b  Locate Al bolts through FB tube inserts or on tabs:

Maximum Fastener centerline offset from tube surface:

Mount cross section:

Mount thickness (B):

Mount length (L):

Minimum gusset thickness (T):

Minimum gusset height normal to mount face (H):

F.3.5 0.0 15kN shear bending M*y/ | <= Su-Weld:
0.00E+00 0.0 1 &N normal bending M*y/ | <= Su-Weld:
0.00E+00 Parabol cishe a3*Test Load/2*area <= Shear:

EQ
F.8.2.2 Bolting AIP to composite Front Bulkhead

Washer/ bolt perimeter:
Panel thickness:

Core thicknes s

Outer skin thicknes s

Inner skin thickness:

Insert Perimeter on bulkhead:
Backing plate thicknes s

Backing plate perimeter on bulkhead:

Minimum - Fastener spacing, edge, or corner distance:

Skin shear strength: 0.0 &+ 00 Pa
Perimeter shear strength >150 ON: 0.0 &+00 N
Te #out strength >150 ON: 0.0 &+00 N

F.8.2.3b

Al to FB At achment:
m Front Bulkhe @ perimeter.
m BO I t ed 's (8 required):
2 Minimum distance betwe @ bolt centers: mm
l BLANK
Bolting AIP to tube Front Bulkhead
F.8.2.3.b Locate Al bolts through FB tube inserts or on tabs:
Maximum Fastener centerl nie of det from tube surface:
Mount cross section:
Mount thickness (B):
m Mount length (L):
0 m Minimum gusset thickness (T):
0 m Minimum gusset height normal to mount face (H):
0 mf F.35 0.0 15kN shear bending M*y / | < =Su-Weld:
0 mJ 0.00E+00 0.0 15kN normal bending M*y / | < =Su-Weld:
m} 0.0 &+00 Parabol cishear 3*Test Load/ 2*are a< =Shear:
m
mm
mm
F.8.2.2 Al to FB Attachment: EQ
Alpl=*= =-r === === =+~ --—3(]ine of Front Bulkhead tubes. EQ
Welded be welded: % BLANK
Shortest weld > =25m m (1in): mm BLANK
EQ
F.8.2.2 Alto FB At achment:[Laminated] EQ
Al H ulkhe @ perimeter. EQ
Number .. ,Lawm,lnwawtwe,d\, coqdired): N/A
Minimum distance betwe @ bolt centers: mm N/A




AIP At dchment

Bolting AIP to tube Front Bulkhead
F.8.2.3.b  Locate Al bolts through FB tube inserts or on tabs:|  Centerline Inserts

ZMTBIES. YeslCTBZE

ASSEMBLED

Any removable members alo
required tubes?
| Select Drop Down ¥ H

Any holes over 4mm drilled/in
F.3.2.1 required tubes?
[ Select Drop Down ¢ |

Ce ndrl 1 nhreserts

FULL CROSS-SECTION INSERT

AIP Inserts: No Q'COTIEEE'CE?Zé We I d e d I n Se r t S
Removable Tubes: No o
EV Accumulator: No :

Does the steering rack interrupt

any required tubes?
| Select Drop Down

Bolting AIP to tube Front Bulkhead
F.8.2.3.b  Locate Al bolts through FB tube inserts or on tabs:| Offset Mounts

Si nglager L-Shape
EQ

CROSS SECTION SINGLE LAYE 1
MOUNT THICKNESS (B) B

MOUNT LENGTH (L) L

MINIMUM GUSSET THICKNESS (T) L
B

MINIMUM GUSSET HEIGHT (H)




Physical Test Fixture Guidance

CAD
BLANK Physical Test Fixture Guidance

F.8.7.6.b Thetested IA must be at a@ched to a structural ylrepresentative section of the chas ss. 200mmJ;{LEE§?3

Front Bulkhead Outside to Outside Height: 0 mm iﬁ
Front Bulkhead Outside To Outside Width: 0 mm |
F.8.7.6.c Fixture Thickness on table >=50m m: mm
F8.4.2a Tested |IA starting length > 2 Orfim: mm
F.8.4.2b Custom IA WIDTH over 2 0rm length >= 2 Ordm: mm
Custom IA HEIGHT over 2 0rim length > =1 Orfm: mm

T — AR RS

P S

CAD

B




Physical Tests

Dynamic

EQ

Impact Attenuator And / Or Wing Fai ure Test Composite AIP 12 &N Physical Test

A

Type of test used?:
Name of Test Faci tly:

Teams may use a crushed attenuator of the version installed on the car to test a composite AlP.

A

Dates of tests: A Spl tithe data following the IA test for the IA sections above and the 120kN test below.
Maximum crushed displacement: mm N/A
Post crush displacement, demonstrating any springback: mm N/A EQ

Crushed at e@nuator height: mm N/A Type of test used?: N/ A

F.8.7.6d Al plate deformation: mm N/A Name of Test Facil ty: N/A
F.8.7.2b Al dalculated values must be based on a mas =f 3 0kg and an initial velocity of 7m/< Dates 9]( tests: _ - N/A
F.8.7.7a Average deceleration from a dynamic test must be calculated from raw, unfi téred dat: ] Maximum cru;hed d'Splécement' mm N/A
F.8.7.7b Pe &s above 4 @ must not be se @ after the ap p cation of specific fi téring. Se aule. Post crush displacement, demonstrating any springback: mm N/A
F.8.7.6d Al plate deformation: mm N/A

F.8.7.2b Theimpact at énuator must absorb at le at 7 3 9.@pringback may be ignored. F.83.1b Maximum AIP force > 120kN: N N/A

Make sure to use stepwise integration: cur ent_force*(cur ent_disp-prev_disp)+previous_total
Do not as sime steps are identical. Use simi af procedure for average force.
INCOR RECT: Final_force*final_displacement, or negative energy slope when there is positive fo

F.8.7.2a Pe & at @nuator force: N BLANK
Peak at @nuator only deceleration < =4 @: g BLANK
Average at @nuator force: N BLANK
Average at @nuator only deceleration < =2 @: g BLANK
F.8.7.2b Energy absorbed > =7 3 5: J BLANK
Energy absorption check: 7350 J EQ
EQ
EQ EQ
EQ

EQ



Physical Tests

Insert Test Pictures - may be added below:
(a.) IA and FB test fixture before the test

(F.8.7.4.d) which also shows the method of
spacing AIP at le at 5 o mfrom any rigid
structure (F.8.7.6.c)

(b.) IA, Anti-Intrusion Plate after the IA test
(F.8.7.4.d) which shows the deflection was less

than 25.4mm (F.8.7.6.d)
(c.) IA/ AIP Force Displacement Curve

(d.) IA Energy Displacement Curve

l_l,'lﬂ{j L

oL *;‘-:,50 " "

LR
=

50mm




Physical Tests

Force Displacement Curve (kN)

1000 _/
0

0

e Peak attenuator force = 00.00 (kN)
60.000
50.000
£ 40000 | Average attenuator force = 00.00 (kN)
E)
S 30000 \ /—/
20.000
10.000
0.000
0 10 20 30 40 50 60 70 80 90 100110120 130 140 150 160 170 180 190 200 210 220
Displacement (mm)
Energy Displacement Curve (j)
5000 Energy absorbed = 0000 (j)
7000
6000
= 5000
=
& 4000
g
* 3000
2000

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
Displacement (mn)

kN

7 3 5J0

Paste in logged data from test below:

Itiz acceptable to recample the data at a
lowear frequency to reduce the number of
datapoints. Repeat the weightad avarasge
force and energy calculationz in columnszs

three and four. Do not azocume all cteps ara

Disp. Force Weighted Energy
mm M Average 1
LA LA Force AN

15 6511 N

6.507
T.88
8.899
10.588
12.386




E F N] S[m]

F IN] /3 0 &g

IAD

Impact At €n ator En gy calculation sample sheet

measuring datal

Displacement [mm)]

O 00 ~NOo Olhs Wi k- O

measuring aal

Force [kN]

0
10
20
30
31
294
33
35
36
38

Energy=F* Displac
unit [N*m]
Energy [J = kN*10 O

F [KN]

104
134
184
2 34
2 34

~~

100

KN)

S[mm]/100

9.8ms= F[N] /29 4900 G

100

[$2]
o

Force [kN]

o

Force [kN]

-

\—

o

50

10 186 20

Displacement [mm]

250

——Force [kN]

En egy [J =kN* 1 0*n@ 1 0]0 O

1500

o

1006

/

5 000

50

18 20 250

k

En egy
N¢ 1

[J=
0 Gndv* 1 0]C




