SES(FififmasrHE) EVim

F.3.1-4 Tube ChassisA

Accumulator Side Protection,
Tractive and HV side Protection (EV only)

Rear Impact Protection (EV only)
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BLANK Accumulator Side Protection,
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T ProtectionzpkiZ
F.11.2.1.a Accumulator Side Protection Minimum ___ Tube Used EQ SEAHITENIN
F.3.2.1.m Example: 25.4mm x 1.6mm round Size B Round EQ |
F.3.4.1b Wall thickness: 1.2 mm ’fj%:’;%b(lﬂé@]
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
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SIS ¢Rear Impact ORID=AEIECLD HV £REL. HREIHRD) AT B LD SIS_G)“!;_H %ﬁl L
Lower SISDL% 240 mm Fkid PF1AL—90 L5k mm (Upper SISDZE) ERUEERS5.
OVTNIMEVSETECTBTENTEET . ACCH-ELERUUTHTERL

Include all required dimensionRY ©;
BEASEEBENERA. EMNLIRBARE
BLANK \
F.11.2.1.a Accumulator Side Protection Minimum  Tube Used EQ
F.3.2.1.m Example: 25.4mm x 1.6mm round SizeB | Round EQ 240mm above Lower SIS
F3.4.1b Wall thickness: 1.2 mm \ 1 ¥,
Outer Diameter (OD): 25 mm =y
Wall thickness: 1.2 mm o
Outer Diameter (OD):  25.0 mm
Tube cross sectional area (A): 114 mm”"?2 A .
Tube second moment of inertia (I): 8509 mm™4

The triangulated HV protection between the SIS and Rear

Impact may be as low as 240mm above the Lower SiSor |
-> n Y the top of the accumulator, whichever is lower.
(—0173 IEE (i A b There is no maximum height.




Accumulator Side Protection
SCAURBUENEUVWCEZ SR TEANEZIN T I B8

T.1.6 Heatinsulation requirements apply at operating and failure temperatures.
T.1.6.3.b An air gap no less than 25mm is required between the accumulator and the driver's seat.

BLANK

T.1.6.3.b Air gap to driver's seat ==25mm: mm BLANK
Top surface of HV Protection: BLANK




Tractive and HV Side Protection
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Tractive and HV Side Protection (EV Only)

cDSide Protection(d 350mmE FTCHETHS

F.11.2.1.a From the side, below 350mm, all HV components must be protected with an upper tube,
a lower tube, and a diagonal tube or tubes completely triangulating the upper and lower tubes.

BLANK
F.11.2.1.b Tractive Side Protection Minimum Tube Used EQ
F.3.2.1.n Example: 25.4mm x 1.2mm round Size C Round EQ
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 (I): 6695 mm~4

AR THRCEFNZY -2 TIHE, MHBSTFBHSE[EER.
®25.4mm. t=1.2mmE_ D)1 ThiskoHBN 3
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F.11.2.1.k The entire top edge of the upper tube must be at least 240mm above
the lowest point of the top surface of the Lower SIS tube.

EV motor location: Select Drop Down BLAMNK

Top surface of HV Protection:| BLANK




Rear Impact Protection
SCAURBUENEUVWCEZ SR TEANEZIN T I B8

F.11.2.2 From the rear, below 350mm, all HV components must be protected with an upper tube,
a lower tube, and a diagonal tube or tubes completely triangulating the upper and lower tubes.
Triangulation may be asymmetric.
If a plate replaces all three tubes, it must fully overlap the tractive side protection tubes.
F.11.2.2.a Increase from Size C to Size B if the accumulator is < 100mm (3.937in) from the rear impact .

ZDRear Impact Protection(d 350mmETFT
LK‘E-C ED\ 1H A (i_ﬁ*ﬁJ_b‘SRU)bhéo
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F.11.2.2.a Min distance from Accumulator to Rear Impact? mm BLA
Accumulator Rear Impact Protection Minimum| Select Drop Down BLA
F.3.2.1.m Example: 25.4mm x 1.6mm round Size B Round b
F.3.2.1.b Wall thickness: 1.2 mm
Outer Diameter (OD): 25 mm *
Wall thickness: 1.2 mm
Outer Diameter (OD):  25.0 mm Tiﬁ*&(:iﬂk\}“_\/—cllz\go
Tube cross sectional area (A): 114 mm~2 5 “ -
Tube second moment of inertia (I): 8509 mm~4 @254mm\ t=16mmL){J:0)/\’ij‘§R&)bﬂ§

EC AUEUEN [ELW\CEZHEER CEREZ T I DL

F.11.2.2.k The entire top edge of the upper tube or plate must be at least 240mm above
the lowest point of the top surface of the Lower SIS tube.

BLANK
Top surface of Lower SIS to top Rear Impact >=240mm: _ mm BLANK



Rear Impact Protection
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BEO=ABETHEBMTN3Rear Impact ProtectionZ Replace93&LWS5EZ A

F.11.2.2.b The Rear Protection must be fully triangulated to the rest of the frame with structural tubing.
If a plate replaces all three tubes, 4x 30kN or 8x 156kN mounts are required.
Bolted joints must be documented if a removable panel or tube is used.

BLANK
F.11.2.2.a Rear Impact Tubes Replaced: 0
F.3.3-5 Material:  Steel
F.3.4.2 Young's Modulus (E): 2.00E+11 Pa
Yield Strength (Sy): 3.05E+08 Pa
Ultimate Strength (Su): 3.65E+08 Pa
Pa
0.00E+00 mm”2
0.00E+00 mm”4 Include all required dimensions.
Mount longitudinal Edge to Moment of Inertia Centroid (R): 12.500 mm \l mounts used
Buckling Modulus E_1*_1<=E_2*_2: 0.00E+00 a rear impact Minimum Moment of Inertia (1)
Critical Strength S_T*A_1<=5_2*A_2: re expected to may not be same place as minimum
Bending 4*S_1*1_1/r <= 4*S_2*1_2/r: ymm beyond a
Deflection Bending_1/(48*El): W@ nocoque
Energy 0.5*Bending”2/(48*El): W\ @'P 2nd bottom.

EETRT LS.
Diff Mount 6UK[E Rear Bulkheadh'st& k.
FZN F DBREE SR TONIE, SAEsp/ 4T =
DR TH R,

>Tmm O Plates replacing all

three tubes must

fully overlap side f
@ tractive protection.
A 4x 30kN or 8x 15kN

2S O mounts required. ?
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F.10-11 EV Accumulator
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Accumulator Segments

CODIEH(IEVEEE(CLDCheckend
[Voltagel. [ Capacity I (3FEaIIRHOEVEEEZEIEL DM (I FTvIEN 218

E b~ N —
stEIRZLRVCE
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Cell type: Cylindrical EQ - -
Maximum Voltage: V BLA C}f'll‘ldfl[:ﬁ' =
Nominal Voltage: BLA aried
Nominal ity: BLA Pouch
Maximum segment cells in series: BLA Prismatic
Maximum segment cells in parallel: BLA \ S EE T
EV.6.1.2 Maximum segment voltage: 0 V EQ B}Rb bbls\%
EV.6.1.2 Maximum segment capacity: 0 MJ EQ
Total accumulator cells in series: BLANK
Total accumulator cells in parallel: BLANK
EV.4.1.2 Maximum accumulator voltage: 0 V EQ
Maximum accumulator capacity: 0 kWh EQ

F.10.3.4 Cell mounting and bracing material: E: Pa BLANK
uTsS: Pa BLANK

Shear: Pa BLANK

Assembled Segment moment of inertia, Lateral cross section: mm”4 BLANK
Assembled Segment moment, Longitudinal cross section: mm”4 BLANK
Maximum segment length: mm BLANK

Maximum segment width: mm BLANK

Maximum segment height: mm BLANK

F.10.3.4 Restraint Method: Examples: Bolted, Friction, Adhesive




Accumulator Segments
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Segment lateral cross section. (Multiple if modules are not identical.)

Segment longitudinal cross section. (Multiple if modules are not identical.
Include all dimensions entered below.

- Segment Lateral Cross Section
Segment Isometric view

Battery
Restraint method

Height %
FHT D

‘ bolt,spacer

LengthZ =9 5

Segment Longitudinal Cross Section
g g ACC Restraint Method

EepEg %ﬁﬂﬂ GG
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S|AUCADR(EFHR/ I KZDEDTHS  Height &
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Accumulator Container
B=ZfRE. L AULEUET®IoiningTEN D NBIET A (CADK]) ZHR{d3 3L

Minimum segment mass: kg BLANK
F.10.3.2.b Maximum segment mass <=12kg (26.41bs): kg BLANK
Number of segments <= 8kg (17.6lbs): BLANK
Number of 8kg < segments <= 12kg (26.4lbs): BLANK
F.10.3.2.d Min fastener count in fastened connections between vertical walls: 3
BLANK - s N — -
F.10.2.2¢e Number of segment external vertical walls: Ef%((. Fastener;zﬁ(iﬁb D’ng_<i'*=27.|<§_<7m_t

Number of cover fasteners:

ZEREDETAYXRDTT RO T L

Fastened

135 N/mm N/A
N

BLANK
mm BLANK
N/mm”*2 N/A
mm N/A

F.8.5.6 Fastener shear capalfility:
Maximum fastener splacing:

F.10.2.3.b Fastener shear / spacing >= Unif baseline:

Four external vertical Number of segment external vertical walls
walls and totally contain

2 M8 fasteners to cover

) Jointed by bolt

10



Accumulator Container
SCAUREMEN D HBIET X (CADH) %I BEL

F.10.2.1 MINIMUM ACCUMULATOR FLOOR
BLANK
All segment floor sections >= 75% area: BLANK
F.10.2.1 Accumulator Floor Construction:| EQ
Steel: 1.25mm (0.049in), Aluminum: 3.2mm (.125in): mm BLANK
Material Used:| Steel Unwelded | N/A
Panel thickness: 0 mm N/A
Core thickness: mm N/A
Outer skin thickness: mm N/A
Inner skin thickness: mm N/A
Flat Panel Properties Flat Panel Properties Flat Panel Properties
Outer (b) #REF! m A, #REF! m"2 I, #REF! m™4
Outer (h) 0 m A, #REF! m”"2 I, #REF! m™4
Thickness 0 m y1  0.000 m ey #REF!I m™4
Inner (b) #REF! m y, 0.000 m lc, #REF! m”4
Inner (h) 0 m Centroid #REF! m lci, #REF! m”™4
F.10.2.2 MINIMUM ACCUMULATOR WALLS
BLANK
All segment wall sections >= 75% area: BLANK
F.10.2.2 Exterior Wall Construction:l Steel EQ
Steel: 0.90mm (0.035in), Aluminum: 2.3mm (0.090in): mm BLANK
Material Used:] Steel Unwelded | N/A
Panel thickness: 0 mm N/A
Core thickness: mm N/A
Outer skin thickness: mm N/A
Inner skin thickness: mm N/A
F.10.2.2 MINIMUM ACCUMULATOR COVER/LID

No accumulator holes with line of sight to driver:

All segment cover sections >= 75% area:l

F.10.2.2 Accumulator Lid:| Steel

Steel: 0.90mm (0.035in), Aluminum: 2.3mm (0.090in):

Material Used:

Panel thickness:

Core thickness:

Quter skin thickness:

Inner skin thickness:

EQ

-
Steel Unwelded [ N/A
0 mm N/A
mm N/A
mm N/A
mm N/A

Four external vertical
. walls and totally contain
2 M6 fasteners to cover

Jeinted by bolt

EEEDAccumulatord>FFARIKCT T2
Floorgfz XU, B YA X2 A I35
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WallsZB. Cover/LidEBICDWTBRIERICERU.
WHWBHA A% AT EE
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&-Accumulator Mount
Top Front, Top Rear, Bottom Front, Bottom Rear

B AUEMENDHSIET VR (CADK) ZiafddadlE

ACCUMULATOR MOUNT: Where fastener passes through to Chassis Mount

BLANK

Intersection of fastener axis and fastener shear plane.

Outside |the front/rear planes of the accumulator segments:

Outside [the top/bottom planes of the accumulator segments:

Outside [the left/right planes of the accumulator segments:
Total Surface Offset, zero for an internal hardpoint:

Mount material (Accumulator skin if directly mounted):| ~ Steel Unwelded |

0

mm
mm
mm
mm

Young's Modulus (E): 2.00E+11 Pa
Ultimate Tensile and Bending Strength (S): 3.65E+08 Pa
Shear: 2.11E+08 Pa

Mounting face thickness (Do not include core.):

Minimum - Fastener spacing, edge, or corner distance:

Number of fasteners used (2x if in double shear):

Fastener diameter:

Threads in shear:

Fastener shear capability:

| total perimeter of all washers, inserts, brackets on one surface:
F.10.5.7.c

MOUNT GEOMETRY - ACCUMULATO

EQ

Mount cross sectioff:

Mount thickness (

Mount length (LN:
Minimum gusset thickness (T§:

Minimum gusset height normal to mount face (

Mount Cross Sectionh'En54 Thvi

Rz R TRHBE

ZDHZEDE YA XEFHICRESTE

Fastener shear >= Test Load: 0.00E+00
Fastener Pullout >= Test Load: 0.00E+00
Fastener Tearout >= Test Load: 0.00E+00

mm
mm

mm

mm

EQ

EQ

N/A
N/A
N/A
N/A
N/A

ACCUMULATOR MOUNT :: Accumulator Skin interface

Accumulator skin at mountinterface: N/A
Young's Modulus (E): 2.00E+11 Pa N/A
Ultimate Tensile and Bending Strength (S): 3.65E+08 Pa N/A
Shear: 2.11E+08 Pa N/A
mm N/A
F.10.5.7.c N/A
mm N/A
N/A
mm N/A
N/A
N N/A
mm N/A
0.00E+00 N/A
0.00E+00 N/A
0 00EL00 N/A
Include all required dimensions.
L |
' L ' -
_ — | T
B | U | B
L
| L L
v —
B

REQUIREMENTS IN 2022.

CROSS SECTION
MOUNT THICKMNESS (B)

.
v MOUNT LENGTH (L)
INIMUM GUSSET THICKNESS (T)

MINIMUM GUSSET HEIGHT (H)

SINGLE LAYER

L
L
B

FLANGE WITH NO GUSSETS NOT RECOMMENDED.
THIS DESIGN WILL BE MOST AFFECTED BY INCREASED

12



&K-Chassis Mount

Top Front, Top Rear, Bottom Front, Bottom Rear
SCAURRTMEN DN BIET VX (CADK) I 92E

CHASSIS MOUNT: Where fastener passes through to Accumulator Mount Chassis Mount to Chassis interface

BLANK EQ
Intersection of fastener axis and fastener shearplane.| MWK Chassis wall at mount interface:] Steel Unwelded | N/A
Enter O for centerline tube inserts or flush with a monocoque hardpoint. EQ Young's Modulus (E): 2.00E+11 Pa N/A
Offset from composite panel or radially from tube surface:‘ mm Ultimate Tensile and Bending Strength (S): 3.65E+08 Pa N/A
Mount material (Composite skin for internal hardpoint):‘ Steel Unwelded EQ Shear: 2.11E+08 Pa N/A
Young's Modulus (E): 2.00E+11 Pa EQ mm N/A
Ultimate Tensile and Bending Strength (S): 3.65E+08 Pa EQ F.10.5.7.c | n~/A
Shear: 2.11E+08 Pa EQ mm N/A
Mounting face thickness (Do not include core.): mm N/A
Minimum - Fastener spacing, edge, or corner distance: mm = . N/A
Number of fasteners used (2x if in double shear): Mou nt CI"OSS Sectlonb\twngjb\% N/A
Fastener diameter: mm FL{?U%%(“;&@%"& N/A

Threads in shear: ) [

Fastener shear capability: N BH_A . N RV N/A
| total perimeter of all washers, inserts, brackets on one surface: mm %O)iﬁ = @%-U-’(Z(JFL{ﬂJ(L'fiED(_t N/A
F.10.5.7.c Fastener shear >= Test Load: 0.00E+00 A annc.an NN

Fastener Pullout >= Test Load: 0.00E+00

Fastener Tearout >= Test Load: 0.00E+00 Include all required dimensions.

L
' L ' —
TUBE CHECK: < 95% not a cause for rejection in 2022. See cell AC5. | \ — | T
Chassis type at mount: Tube EQ 8 [ | B
Round U i
F.3.2.1 Chassis tube diameter: mm
Chassis tube wall: mm |—|
F.10.5.7.e Number of chassis mounts on this tube: | L | L I
F.3.4.2 Ultimate Strength (Su): 3.65E+08 Pa _| \ | — | |
Main Hoop Brace second moment of inertia (1): 0.00E+00 mm”4 BLANK B | \ |
Tube Length (L): mm BLANK
Chassis mount distance to closest triangulated node (a): mm BLANK
F.10.1.1.a Tube Max Bending Force (Su*L*I)/(a*(L-a)*0OD/2): BLANK

MOUNT GEOMETRY - CHASSIS SIDE
EQ

Mount cross sectin:| N/A REQUIREMENTS IN 2022.
Mount thickness (B): mm N/A
Mount length { ): mm N/A CROSS SECTION SINGLE LAYER
Minimum gusset thickness @): mm N/A MOUNT THICKNESS (B) B
Fas l\fl)ir(;imum gizzgtol,l‘eithtdrTormal t;) moll:/ln*t fjl(lze m;//: MOUNT LENGTH (L) L
3. . ending in shear M*y / | < &

3656408 0.0 15000N Bending normal M*y / I < Su: N/A INIMUM GUSSET THICKNESS (T) L
2.11E+08 Parabolic shear 3*Test Load/2*area <= Shear: N/A MINIMUM GUSSET HEIGHT (H) B




s¥%&.: Chassis Mount

Top Front, Top Rear, Bottom Front, Bottom Rear

ChassisD)\{ THhRER(CINHITUTCETE I IEE.
F.3.4.3 Weld Insert®>—NCO A WA

SCAUBUENDNBIET >R (CADK) ZAFIdlE
CHASSIS MOUNT: Where fastener passes through to Accumulator Mount

Intersection of fastener axis and fastener shear plane.| Centerline Inserts
Enter O for centerline tube inserts or flush with a monocoque hardpoint.

U + HO

ALY ICHiuvguis nignivels diviig

required tubes?
Tube Chassis BO133: No

ALY TTUIED UWET ST Uiy mi
F.3.2.1 required tubes?
Tube Chassis BO134: No
FULL CROSS-SECTION _ INSERT

AlP Inserts: MNo
EV Accumulator: Yes

LU LS slociinig Idei HIShidpL
any required tubes? \

Tube Chassis BO135: No

FILL OUT THIS TAB.
14




& Chassis Mount

Offset MountDA4 T T4 T A MIEIENCE

MOUNT EXAMPLES WITH ONE BRACE f GUSSET

L
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T T AT L-SHAPE RECTANGULAR TUBE
(®) B (B) B (8} B 8) B (B) min ( B1, B2)
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: Single Layer
U-SHAPE U-SHAPE Ts_[,l_'_l ! . . i . .ﬂ . @ LI

@) B (®) B - : \—Li i O e — 1=

w L (1) | average (11,12) —— —— ] 0

(mn min (T1, T2) (n min (T1, T2) | .

H) [ min (H1, H2) (H) | min (H1, H2) —— JL—-0FEEmCHL TR ROFENENSEAIRL.

MIOUNT THICKNESS (8] 8 - R TabﬂJFBH’\G)mUNlTHEEIﬁEﬂ’?%Zt
MINIMLIM n:‘:‘t’"':T o { ; :. :‘:: min | 11, : i >
MINIMUM GUSSET HEIGHT (H) (0] mn(m ZI
H .|
TL-Shapel®ffl |‘,/'!
Il = T
| M I |/
A\ L
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