Ch. 1 The Automobile Body

« 1.1 Description of the automotive body types
1.2 Body nomenclature

1.3 Body mass benchmarking

1.4 The body structure as a system

1.5 Note on design philosophy
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Introduction

o Structure

— Collection of physical components arranged and supported in
such a manner to carry loads

* Load bearing structure in the automotive sense
— (1) Vehicle body (2) suspension system
« Optimization
— Mathematical technique for finding the maximum or minimum

value of a function of several variables subject to functional
constraints, (making the best of anything)

* Vehicle structural design optimization
— Reduce body weight by making structural design modifications

— Constraints (performance): strength, durability, crash,
handling, comfort
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Automobile Body

* Vehicle subsystem that performs many functions
— Basic: armature holding parts of vehicle
— Refine: noise and vibration (economy ~ luxury)

BIW (Body-In-White), XtA
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Range of Steel Grades

« Assembly of metal stampings
— Advanced high-strength steel (AHSS, S, > 440MPa): 10%
— High-strength steel (HSS, 240< S, < 440MPa): 35%
— Mild steel (S, < 270MPa): 55%

Great Designs in Steel, AISI (2008)
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Classification of steel for automotive use

* Metallurgical designation

— traditional mild steel
— conventional high strength steel (HSS)
— advanced high strength steel (AHSS)

« Strength designation
— HSS, AHSS or extra HSS(780MPa, S,>550 MPa), ultra HSS

or GigaPascal steel (1000MPa)

* Formability designation
— ability to be formed into simple and complex shapes by

Vehicle Structure

different manufacturing processes
— high work-hardening exponent
— total elongation

[ mild Steel

[l High Strength Steel
[ Extra High Strength Steel
[l Ultra High Strength Steel
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Advanced High-Strength Steels (AHSS)

« First generation
— dual phase (DP), complex-phase (CP), martensitic (MS) and
regular transformation-induced plasticity (TRIP)
» Second generation

— new generation of transformation-induced
plasticity (TRIP), hot-formed (HF), and twinning-induced
plasticity (TWIP)
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Automobile Body

 Thin-walled structural elements

typical section at rocker
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Rocker

2004 Hyundai XG350 2003 Toyota Camry SE
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Body Configurations

Space Central Body-on- Integral
Frame Frames Frame Body-Frame
(Monocoque)
30D network of Large tunnel || Frame reacts || Exterior
struts react reacts major || major foads panels and
major loads Joads underbody

share loads

unstressed
panels
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Automobile Body Types (1)

« Space frame
— 3D framework of beams connected at nodes
— Lower cost tooling: roll forming, hydroforming
— Lower volume vehicles

« Body-on-frame -
— Predominant passenger car type until the 1980’s 273
— Predominant type for light trucks
— Ladder frame to which suspensions and powertrain are attached
— Body shell connected to the frame by flexible body mounts

 Monocoque
— Integral structure which forms a shell including exterior panels
— Predominant type currently, most mass efficient configuration
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Automobile Body Types (2)

- E L33 HLC|(Monocoque Body, Unit Construction Body)
— French term for “single shell” or “single hull” (2 A& XtA|)
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Automobile Body Types (3)

- i HtC|, HiC| 2 Z2{ & (Body on Frame)

Vehicle Structure
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Vehicle Structure

Monocoque vs. Body-on-frame

Unibody vs. body-on-frame architecture

The unibody 2017 Honda Ridgeline is unique in the midsize pickup segment that traditionally has featured sturdy,
body-on-frame chassis. Advances in unibody construction have made it more competitive in a segment that has
prioritized towing and payload. A look at the pros and cons of the two chassis systems:

Unibody platform

Most common in cars and small-midsize SUVs, the
unibody, as the prefix, suggests, is a single chassis
of metal pieces united by rivets, welds and glue.
Exterior panels like doors, hood and roof are then
added.

Honda
Ridgeline

Smoother-riding

independent rear
suspension with

coil springs.

Unibody construction offers better ride quality
and handling.

Cabins are more spacious, since the rails don't
intrude on interior space.

With improved engineering, unibody construction
has become much stiffer.

Body-on-frame platforms

Most common in full-size SUVs and pickup trucks, a metal body
is bolted on to a lower sub-frame made up of two long rails
reinforced with crossbeams. Exterior panels are added.

Chevrolet
Colorado

Rougher-riding,
solid-rear axle Sub-
suspensions with frame
leaf springs.

Rigidity is particularly prized in heavy-duty trucks that tow
more than 20,000 pounds. In the midsize pickup category, a
V-6 powered GMC Canyon can tow up to 7,000 pounds,
almost 50 percent more than the unibody Ridgeline.

Allows multiple cab and pickup box configurations because

different bodies can simply be bolted on the frame.
The Detroit News

(2016.05.22)
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Monocoque Typical Topologies

« Topology

— Arrangement of structural elements (beams/panels) to meet
requirements in the most efficient manner

— Positioning and size of structural elements: package, styling,

manufacturing
-—-—-‘:—_-- r‘k.—ﬂ“"
Extended 1991 Cadillac Seville
Longitudinal < 7 il

== 1992 Honda Civic
' 1992 Accura Vigor
¥/ 1990 Mercedes Benz 300

Split Load “-

Path Y

1

Full b _
Longitudinal l - 1990 Infinity Q45
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Body Nomenclature

s

Roof Bow Rear Roof Header
Front Roof Header )

), 2
P\ Quarter
Panel Quter

C Pillar (Sail Panel)
Lock Pillar (Dog ieg)

B Pillar (Center Pillar)
Rocker Panel

Vehicle Structure Ch.1-18




Underbody Members

Front Wheel house Cross Bars Rear Whee! House
and Strut Mount C#1 #2 #3 #4 #5/:|nd Shock Mount
,; FoL :‘~..--' | "'.':.i i . . :

=

Rear Rails

Upper e
Tie Bar gils /. Longitudinal
Upper Ralls| Extensions /Rear Wheel House
Lﬂ'ﬁ( | _H{;m_ﬁand Shock Mount
I / : Lok - e *_,' r: ,f ."\f-"--".-:
Mid-Rails Rear Rails
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Underbody Members: Bottom View

Radiator

Cross _~ Forward

Y Front Wheel House
and Strut Mount

Longitudinal Extensions

Rocker

Rear Wheel House
Rear Rails and Shock Mount
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Cross Sections
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Exterior Nomenclature

Y E 2191 (Bslt Lins)

B &2} (B Pillar) oA HH{(Fixed Cover)/ HE} #{H{ (Delta Cover)

g<=2| (Day Light Opening)
AEfel 22l (Style Line)

%OE Wind sheild C EEI‘ (C PiIIar)
REOWind shellal o ook Piiiard si22| (Back Light)
=c (Hood)/f
=24l (Bonnet =g (Cowl Top)/ HMSL (High Mounted
2= (Ventilator) Stgp Lamp)
ol (Emblem)/
=c e O0t3(Hood Top Mark)
E&3 (Trunk Lid)
A b (o] )= o =
(Radiator Grill) e
AN At (Rear
Combination
ﬁIEan"E Lamp)
(Headlamp =i iy
o]
= ' (Rear
Bu )
Wap i | S—t o [l mper
{Licenss Plate) l haust Pipe)
/ = - \ HYZ|3 (Exhaust Pipe
o B g
{Frent Bumper) \ =3 B (Locker Panel) =23 (Fuel Cap Cover)
OLHE
SHS (Fog Lamp) 9|& 2 2§o0| (Outside Door Handle) E4o] (Mud Guard)
HHE XM= (Turn signal)
2@ 250l (Side Garnishif Side Sill Splash Protector)
ot=ZAlo|= 22| (Outside Mirror)

&M 20| (Side Repseater)
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Interior Nomenclature:
Crash Pad, Console, Door Trim

awel YoM £3F 22 2H st =23y 54 584 4 oflofy SR Y0HNH S
(Wind Shield (Cluster (Steer'g Wheel) (Central Air (Passenger 7
Defroster) % Hous‘g).\ ) Vent) Airbag Module) Side Defroster)
7| \ .\ / L // / =0 2z
(Dial Plate) \ | / / - (Side Air Vent)
. \ | A O o

ASE 2117

i (Decoratlon Garnish)
i ~_ (Tweeter)

:gbl HEA

\ (Glove Box)
>

HE|THM AQ%|
(Multi Function
SW.)

7/ /=01 iz oieto)
/ (Door Inside

27 o] A // Handie)
(Driver Airbag \\
Module) =0f 2Z0|

SRS: Supplemental
Restraint System — |
(OHHMYE Bx ZhX|) -

2 g =R ALK

/ d
HISHA! =& 20|13 SHH \\ \ (SPotw;:; Window
o | \ 1\ LAN wtc
(Unlock Knob- X A0 * =0{ LI 270|
Parking /’/ (Door Inside
Break Pedal ) - \_ . Grip Handle)
e 3 3 LY X
(Foot Rest) / \ 0f 2=
K X . \ (Door Lamp)
=013 HIE J/ LI / \ \ \\ﬂ o
/ x \ ZH
(Break Padal) g wisi 202 rm Aorn WEol  REHAT| AF0| ME =g g (hae: Bockel)
(Accelerator Pedal) (Audio) £ 2314 (Ashtray) (Automatic TGS (Center Console ] 3
(FATC(full automatic E% aker Grill)

temperature control) Knob)
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Interior Nomenclature:
Seat, Head Lining, Pillar Trim

O{AIAE T8 Z{AE 29| MEZ Ma2ps 27

(Assist Grip: =4, SIZIM0OF %])  (Cluster Swich) Sunroof (Sunglass
i (unrost) Pocket) XZHE MBLOIX]

\ / e —— (Sunvisor)
= Yre A

(Foot Rest) \\ Y < . 4lo|E wmE
4

(Shade Band)
A|EHE ZHEZX] ( €
(Adjust Seat Belt Anchor) \ = " X

\_\ ~ ‘ /—

in

TE

(Room Lamp)

AlE QHMEE
(Safety Seat Belt)

ERlT/MEE XX AQX|
(Room Lamp/Sunroof
djust)

o2| Bl o
(Headrest) SlAlo| = 2
(Inside Mirror)
2HA e AR
(Driver Seat) \  (shroud)

VN AEIE B 7
i SN\ (Steering Wheel

eszmaze || \ B 2 N\eotumn)
(BdH: Lumbar SLJpg;ort P TRANRNY \_\
Knop) \\ /7 A\ \
5"\ l'« i. l“. Wl '\
\ O\ N LU AIETFL R0]
Mtk N WV (lgnition Start
(Package Tray) \ \ \',“Key'.ole)
\ ! WD/ /|
/\\ . \ \\\\./ { / “
S il IESA

\
» \/_(Assistant
213 2jolel/@R0l= E ARl aosstant
(Leak Lining /Slide Adjust)
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BIW (1)

« Stage in vehicle assembly comprising the assembled
but unpainted panel-work, extruding trim and chassis
items
— Side frame
— Underbody
— Roof panel
— Front/Rear roof header
— Rear close out panel
— Rear shelf panel
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Side Frame _

@ — | Rear Close Out Panel
Roof Panel
N
Front Roof Header Rear Roof Header
P~
,@ Rear Shelf Panel
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Vehicle Structure

Side Frame

Side
Frame
RODf Side Outer
Rail ‘i Wheel
A Pillar Inn F10USe
& Quter }B Pillar Inner &
'z Quter
Hinge T
Pillar /
f Rocker
Upper Inner Quarter

Raii Panel

%{Jcker Outer
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Underbody

Floor Pan
Assembly
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Vehicle Structure

Motor Compartment

|
Upper

Radiat
Support %

#1 Bar Dash
Lowerx s

Radiator
Support

5 E F:_-__ﬂ—*-”“
Mid Rail Assembly
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Floor Pan
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Rear Compartment

Pan
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Load Bearing Body Box-Section Members




Load Bearing Body Box-Section Members
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Body Mass Benchmarking:

 Mass = 325 kg (100 sedans: 2002-2008 Model Year)

— Body shell: no trim(LH &), glass, closure(=0, EE3, &)

— Functions: fuel economy, acceleration performance, handling

« Structural efficiency < 0.2
— (body structure mass)/(gross vehicle mass)

Electrical
0 Bod

2% 12 *’/Z

Payload SHERRRREON

,,,,,,

CICC
a"a"a et
@y e w e e

Basic L e P

Purpose i

i = Trim
of Vehicle 19
Bumpers . Suspensions
1% g% _
Powertrain ™ '~ Wheels & Tires 5% -
Fuel & Exhaust
3%

Vehicle Structure

typical mid-size vehicle

Integral body
Front wheel drive
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3D VEHICLE

BIW ANALYSIS

-

vy

ENGINE ANALYSIS*

a%»

.

LIGHTING ANALYSIS

r

2D INTERIOR

EV HYBRID

SEAT ANALYSIS
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A2Mac1, McKinsey Center for Future Mobility

Electric-vehicle price and range by year of launch

Batteries of native electric vehicles require less compromise and allow

for greater flexibility.

Non-native
electric vehicle,
battery-pack
architecture
example J

Native

electric vehicle,
battery-pack
architecture

Benchmarked native
electric vehicles offer
25% larger battery packs,
relative to vehicles’

~ body-in-white volume

All 3 of 11 benchmarked
electric vehicles to offer
multiple range options are
native electric vehicles

N 80 ®
@ After 2017 PY
® 2014-16
@ Before 2014 ® o
60 ®
Sales price,’ @
€ thousand 40 ® ®
‘ [ Lower price,
® high
o ® range
® after 2017
@ @
20
\ 0
0 100 200 300 400 500
- Range,’ kilometer -

'Range according to Environmental Protection Agency. Where EPA data not available, New European Driving

Cycle or OEM data was used; sales price based on German market OEM data.

Benchmarking shows a potential trend toward consolidating electronic

control units in (some) electric vehicles.

Electronic control units per vehicle by engine type and driver assistance package, range

Internal-combustion-engine models

10-14
2-6 ggoo 3-8
QO 02000 010]0]0)]
0000 0000 9000

Advanced-driver-
assistance-system
package

NORMAL LATEST

What a teardown of the latest electric vehicles reveals about the future of mass-market Evs (2018)

Vehicle Structure

NORMAL

Electric-vehicle models

3-4

L L1 e

LATEST
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Design approaches to managing electric-vehicle powertrain and battery thermal management

still vary widely among original equipment manufacturers.

Integration and interconnection of electric-vehicle powertrain thermal-management system

@—@ Interconnections

Powertrain Battery
Charge DC-DC AC-DC Gearbox Mator I Cooling Liquid Resistive
module converter inverter heating heating
BMW i3 (2014)
While
“ 7 A plugged in
Chevrolet Bolt/Opel Ampera-e (2017)
While
ﬁ plugged in
Tesla Model 3 (2017)
Tesla Model S 80 (2013)
VW e-Golf (2015)
Passive
Nissan LEAF (2017)
Passive N While plugged
battery cooling e in or on battery
Nissan LEAF (2011)
Passive While plugged

Mote: Exhibit is a simplification of more detailed schematics.

Vehicle Structure

in oron ba_‘gt_e_ry

Electric-vehicle powertrain architectures vary, even among the
newest models.

Opel Ampera-e

In the Opel Ampera-e,
the electric motor and .
supporting components @ High-voltage charger

are all up front ] = ‘ @ High-voltage junction box
: a @ DC-DC converter

@ Electric motor
@ Inverter/converter module

Tesla Model 3

In the Tesla Model 3,
the electric motor and
power electronics are
in the back, with the
DC-DC converter

and high-voltage
charger integrated

in battery pack

The design of wiring elements in electric-vehicle powertrains suggests
greater integration with newer models.

Tesla Nissan Chevrolet
Model S Model 3 LEAF LEAF Spark Bolt
2013 2017 2011 2017 2014 2017
Weight of cables 10.1
in electric-
vehicle power- 6.2
train by period
of production,
kilogram -
Parts in electric- 14
vehicle power-
train by period oo 6
of production, Y ) 4

number
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Original equipment manufacturers follow varying powertrain
and battery supply-chain strategies for electric vehicles.

Electric-vehicle manufacturers' battery supply-chain strategies -

Battery
Battery Battery management Power
cell pack system  electronics’ Motor Transmission?

BYD E6 (2015)
Mot
available

Tesla S 60 (2013)
= "S- !

Borg-
Warner*

Panasonic

BMW i3 (2014)

VW e-Golf (2015)

Panasonic Panasonic’

Chevrolet Spark (2014}

Not
available

VW e-up! (2013)

Panasonic Panasonic

Calsonic
Kansei

Calsonic
Kansei

Chevrolet Bolt/Opel Ampera-e (2017)

' DC-DC converter and AC-DC inverter.

2 Only single-speed transmission.

1 Formerly Ficosa, now owned by Panasonic.
* Formerly Eaton, now owned by BorgWarner.
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Mass Estimates (kg): small car

ICE 1 ICE 1 HEV 1 HEV 1 FSV 1 FSV 1

2010 2020 2010 2020 PHEV,, BEV
-ﬂi Body Non-Structure 245 190 215 190 19!]- 190
&ZOF [Body Stucture 272 241 272 237 173 190
“d 1 Front Suspension 39 40 62 45 40 45
-{;J Rear Suspension 53 39 61 37 26 15
" |Steering 17 17 17 17 16 16
*7  |Brakes 38 31 40 33 29 32
. -'kﬂ. « | Drivetrain 222 197 297 252 215 78
=~ |Fuel, Battery, Exhaust 18 55 104 105 98 347
© Wheels and Tires £ 39 68 35 38 14
e Air Conditioning 32 42 27 33 36 36
=l Electrical 55 63 55 66 63 58
\ Bumpers 26 21 23 24 20 23
a Closures M 48 49 44 46 16

TOTAL 1199 1044 1290 1138 990 1,137

Vehicle Structure

Source: Future Steel Vehicle: Phase | — Executive Summary (2009)
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Mass Estimates (kg): mid-class car

ICE2 ICE 2 HEV 2 HEV 2 FSV 2 FSv2
2010 2020 2010 2020 PHEV 4 FCEV
-F Body Non-Structure 302 210 257 210 210 210
@ Body Structure 337 298 337 303 198 175
d 7 Front Suspension 73 19 76 35 31 44
{J Rear Suspension 65 45 73 14 52 34
-~ |Steering 21 21 21 21 19 19
'-F’ Brakes 47 37 49 40 37 34
u‘-."‘ o |Drivetrain 274 244 359 304 261 177
=== |Fuel, Battery, Exhaust 59 68 125 127 178 114
@ Wheels and Tires 9% 12 80 73 70 61
ad Air Conditioning 40 52 35 16 47 47
=3 Electrical 68 78 68 82 83 93
\ Bumpers 33 25 31 28 26 22
a Closures 67 29 62 55 48 48
TOTAL 1,483 1,260 1574 1388 1279 1079

Vehicle Structure

Source: Future Steel Vehicle:

Phase | — Executive Summary (2009)
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Lightweight Development (1)

Audi 80
Year of construction 1972

ca. 850kg

Audi A4
Year of construction 2007

ca. 1440kg

Example for drivers-assistant systems

Comfort

Safety

Infotalnment

Electric adjustment of: front seats
steering column
exterior mirrors

Speed and distance control system
Adaptive Cruise Control (ACC)
Electronic Stabilization Program (ESP)
Anti-lock Brake System (ABS)

Radio Data System (RDS)
Traffic Massage Channel (TMC)

Seat heating / ventilation f memaory

Electro mechanical parking brake

Dynamic navigation

Power steering

Airbag

Emergency call

Air-conditioning

Seathelt

Voice control

Auxiliary heating

Light and Rain sensor

Coming home leaving home

Dynamic headlight range control

Keyless entry

Lane change assistant

Central locking system

Tire pressure monitoring system

Vehicle Structure

source: Vieweg Handbuch Kraftfahrzeugtechnik, 3. Auflage
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Body Structure - Lightweight Index

M, { kg : -lﬂ‘} =401

C,-A| N-m/deg-m*

Mg [kg): BIW mass including bolted
elements and glued windscreen

C[kNm/deg) : Torsion stiffness of BIW
including bofted elements and giued windscreen

A [m?); Projected area (whee! basa - tread)

Vahicle Lightweight Torsional Sﬁ‘ffrreﬁs Body Mass Contact Area
Index (L) (KN-m/deg) (kg) (m?)
FSV-BEV 2.56 20 190 3.71
SLC 1.8 25.5 180 3.9
VW Polo V (2010) 3.5 18 227 3.6
VW Golf V 2.88 25 281 3.9
Toyota Avensis (2008) 4.01 n/a n/a 3.99

Vehicle Structure
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Lightweight quality

— mGer kg

Cp Al Nm k

Lightweight Quantification

m,.. = Body structure weight (without doors and

closures)

¢, = Torsion stiffness (with screens)

A = contact patch (wheel track x wheel base)

316 (E30) — 1982
m,.., = 1030kg
m,, = 260kg
¢y = 6500Nm/°
L=28,60

Vehicle Structure

316i (E36) - 1990

My, = 1266kg
M., = 310kg

¢ = 10300Nm/®
L=567

316i (E46) — 1998

m,... = 1385kg
Me., = 284kg
¢y = 20000Nm/*
L=302

316i (E96) — 2005
M., = 1320kg
Mg, = 267kg

¢y = 25000Nm/*
=258

Source: B. Lidtke, 1999
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@& HYUNDAI Ebste  JZdd0 Product Concept / BIW Concept

- Body stiffness & lightweight index -

- Increased the torsional stiffness by 141% and the bending stiffness by 19%.
« Achieved 11% more torsional and 23% more bending stiffness compared to competition

i40 Predecessor
LIGHTWEIGHT INDEX 2.09 4.4
BIW WEIGHT 325.6 302.3
TORSIONAL STIFFNESS 353 14.6
AREA 4.415 4.69
353
28.6
. Bending
14.6 . —_— L Body stucture efficiency index
Mgy  BIWweight
' cT Body torsional static stiffness
. . A Body projection area considering
= vehicle spec.
Predecessor i40

Hyondal Sonats at GOIS Conference 2013 BIW Concept
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NIKKEI MONOZUKURI (2008.04): Nissan Motors
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Super Light Car (5LC) VOLKSWAGEN AG

« Multi-material concepts design and optimization

— Multi-material vehicle concept 35% (101 Kg) weight
reduction compared to the reference (VW Golf V, 2004

benchmark)
Weight SLC BIW: 180 kg Materials Weight distribution
I Aluminium sheet Aluminium 96 kg (53%)
B Aluminium die-casting ~ Steel 66 kg (36%)
B Aluminium extrusion Magnesium 11kg (7%)
B Steel Plastic 7kg (4%)
B Hot-formed steel
] Magnesium sheet
[0 Magnesium die-casting
B Fiberglas thermoplastic
(2009)
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FSV vs. UltraLight: Tensile Strength (1)

Tensile Strength Distribution Nearly

= 0 -
e = 1994 Ref. 97% ~ 50%

B i m ULSAB. . HSS Giga-Pascal
z = ULSAB-AVC. A

O 4y m FSV_ N r A
@ 0 F =—.._ql
3

S 20%

? 10% , |

g |l 1 L N » |

@ 0% il B | e |

210 270 340 370 400 450 500 600 700 800 900 1000 1200 1470 1500

Tensile Strength (MPa)
ULSAB-AVC FSV
5 oAy

(2011)
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FSV vs. UltraLight: Tensile Strength (2)

Tensile Strength (MPa)
5
o
o

Vehicle Structure

Average Tensile Strength

3 Times Stronger

758 MPa 789 MPa
413 MPa
2?1 MPa I
1995 Ref. ULSAB ULSAB AVC

Vehicle

(2011)
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Mass Targets

Raising the Bar in Vehicle Mass Reduction

Baseline: former,
mild steel design

(FSV)
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Vehicle Structure

WorldAutoSieel

ULSAB AVC |

C Class

19497

2004

Yehicle Mass kg

1350

oed

Powertrain Mass kg

185

440

20%

6%

References

1884 Ford
Taurus
{1450kg)

243

268

Reference/Benchmark BIW Mass

268

284

ULSAB - Achieved BIW Mass

271

25%

*tifass reduction from ULSAB for C-class
target

20

*Additional mass - Crash requirements for
2004

26

ULSAB AVC - Target BIW Mass

208
{=203-

Eﬂ..."zfl::l

ULSAB AVC - Achieved BIW Mass

202

3%

ULSAB AVC - Achieved BIW Mass relative
to Reference Benchmark

25%

Updates to ULSAB-AVC

Additional mass - Crash requirements
2020

(4]

Additional mass for: Higher Mass
Powertrain (mass compounding)

Mass reduction for 2020 Technology
Implementation

Mass reduction Efficient Front-end
Fackage

** Tofal Updates to ULSAB-AVC for 2020

22

F5V-1 - Interim BIW Mass Target
{Current AHSS Steel Solution)

224
(=202+22%)

-23%

Additional Mass Reduction Advanced
Steel Technology

-15%

-33.6

FS¥-1 - Final BIW Mass Target

{Advanced Steel Solution)

190

-34%
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BMW 7 Series

k=
DRI S CFRPEZHOE B2
———— N Carbon Core HIC| 1Z: 40kg B &
o | CFRP: ZH(H)CHH| Z= 10HH, =2k 1/4
HEAS>FULS TN
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Vehicle Structure
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Note

« System engineering approach to treat automobile
body design

Breakdown of its physical parts or subsystems
Examining the functions the system must provide

« Design philosophy: primary design stage

Vehicle Structure

|dentify the small set of topology-defining structural
requirements

Gain an intuitive feel for thin-walled structure behavior

Develop simple analytical models (first-order models) to
approximate structure sizing

Gain an appreciation for the vehicle and manufacturing
context of body design and the common trade-off issues
which must be balanced
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