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

Vehicle Structure Ch.1-1




Introduction

e Structure

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

* Load bearing structure in the automotive sense
— (1) Venhicle 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)

2010 Nissan March
BIW (Body-In-White), Xt Xl
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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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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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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
— 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

Vehicle Structure ChA-7



Automobile Body Types (2)

- B33 HC|(Monocoque Body, Unit Construction
Body)

— French term for “single shell” or “single hull”
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Body Configurations

Space Central Body-on- Integral
Frame Frames Frame Body-Frame
(Monocoque)
3D network of || Large tunnel || Frame reacts || Exterior
struts react reacts major || major loads panels and
major loads loads underbody

share loads

unstressed
panels
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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

4 —
Extended

1991 Cadillac Seville
Longitudinal —_—T | | —

. e, N Mg 1992 Honda Civic
Split Load “ -h-— | ".l) 1992 Accura Vigor
Path T =B > 1990 Mercedes Benz 300

Full ~ _
Longitudinal > 1990 Infinity Q45

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 T V

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 7000 pounds,
almost 50 percent mare 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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Body Nomenclature

Greenhouse Roof Side Rail

4

Roof Bow Rear Roof Header

Front Roof Header A=)
N

Panel Outer
C Pillar (Sail Panel)
Lock Pillar (Dog leg)

B Piliar (Center Pillar)
Rocker Panel

Front Body Hinge Pillar = A piilar
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Underbody Members

Front Wheel house Cross Bars Rear Wheel House
and Strut Mount #1 #2 #3 #4 #5/nd Shock Mount
— e - 3

Ty !

- . - I'. -
3 1
(- i
- e ] !

Upper Mld-/ Rocker Rear Rails
Tie Bar Rauls ~ ., Longitudinal

Upper. Ralls Extensions Rear Wheel House

'
__Jﬁ___‘,\.ng ¥ el \.and Shock Mount

Rear Rails

Mid-Rails
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Underbody Members: Bottom View

Radiator

Cross / Forward

Mid-Rails

Y Front Wheel House
and Strut Mount

\ e Longitudinal Extensions
: i"- N
Rocker

Rear Wheel House
Rear Rails and Shock Mount
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Cross Sections

- e -
S —-\\éiz{oof Rail-—.__

o N L
g:?:l]tt j‘"“"*"’Upper “l\"-\ ﬁ\\% Rear
Towe?'j‘ Rail | L : | N Strut

/ . L.,D _\1\__ Tower
Mid Rail” Rocker : Rear Rail

f Roof Roq;f

! Header: Roof Bow Header
Cowl Bar _- m %Shelf Pane!
- —*—"’% : s

#1 4o #3  #4 #5 Cross Bars
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Exterior Nomenclature

HWE 2121 (Belt Line)

B et (B Pillar) ZAE Ht{(Fixed Cover)/ HE {t{ (Delta Cover)

452| (Day Light Opening)
AERY 212! (Style Line)

9L23| (Wind sheild C gz} (C Pillar)
| (Wind shelld) , oo x Billar) 5122| (Back Light)
=c (Hood)/
=4l (Bonnet 7t=2e (Cowl Top)/ HMSL (High Mounted
EZ3 (Ventilator) Stgp Lamp)
s (Embblem)/
=g 03 (Hood Top Mark)
E&3 (Trunk Lid)
2C|ofo|g T3
(Radiator Grill) 5l ez
] ALY T (Rear
Combination
p— Lamp)
(Headlamp 51
= (Rear
Bumper)
Ham ‘ l
(License Plate) \ \ \
—~— HYZ|Z2 (Exhaust Pips)
S B / \ >°
(Front Bumper) =3 B (Locker Panel) ZF37 (Fuel Cap Cover)

OHHS (Fog Lamp)
B8k X|AlS (Turn signal)

2|& 2 £80| (Outside Door Handle) 40| (Mud Guard)

ZMH BSLH (Side Garnishi/ Side Sill Splash Protector)
O}2Ato|= 22 (Outside Mirror)

=M 20| (Side Repsater)
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Interior Nomenclature:
Crash Pad, Console, Door Trim

SRal YoEH S5+ S2AH si9d Laule| sS4 &3+ =454 ool EHRI YoixH &5
(Wind Shield (Cluster (Steer'g Wheel) (Central Air (Passenger T
Defroster) \ Hous'qg), ! Vent) V. Airbag Module) (Side Defroster)
\\“ | / / 2 - A0 eIz
17 = \ / / i~ et =H 2T
(Dial Plate) / ' ~__ (Side Air Vent)
5 : — e S ICIA }"' -
et = 7 ——— < (Decoration Garnish) 28 AnH
\\\ . \% =l - (Tweeter)
S~ I=H HFA
HE[HM A9x]| T B
(Multi Function Sy S TS _S?Iove Bax)
SW.) Ny ,.
TR :l \\/‘:‘Q / .
ke ] "‘77/501 L o{o|
\ / // (Door Inside
SEM ojjo{u8 \) Handle)
(Driver Airbag \\ "
Module) \ . = EHo|
SRS: Supplemental | \\ — "2 (Door Arm Rest)
Restraint System — e
(StMHE BE FX|) |\ . )
P\ ¢l YIS AIR|
sl = efol= atEl |\ ey Weindlow
X WAL N\
(Unlock Knob- //’"}(‘ % \\ =0 LS =70]
Parking o % . . (Door Inside
Break Pedal ) , \ \_ . Grip Handle)
E YAE \ \ ‘\\
(Foot Rest) // \ X (EM [ ;
/ / \ ‘ \ Door Lamp
. X \ j / ;,.“' I\". ",\‘ \ \
Eaﬂo Ia -l_dIEEI‘ // / “fl “I“. \‘\\ \‘\ \\\ \}g Eu
(Break Pedal) ;i ppgr 2CI2  xm ag MEl  ABEA| Afol ME 2a ags (Man Pocket
(Accelerator Pedal) (Audio) (FATC(full automatic (Ashtray) f(l:::)tg)matlc TGS (Center Console aker Grill)

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

OAIAE 1§ S AE Ax] Mz M EHW
(Assist Grip:ESAM, SIF Moot Mx|) (Cluster Swich) (Sunroof) lgSurllgltz)ass
ocKe

A2 E/ Muto|x]

S —— {Sunvisor)

\

Z Y£~E

(Foot Rest) P & - —— #lojE WE
\ \ Pl e~ . (Shade Band)
AIEME =55 4 Y i S T ,

(Adjust Seat Belt Anchor)

BEHIZ
=H—
o (Room Lamp)

AIE StHHE TEra v AL
(Safety Seat Belt) B UE/MHET FFH AX]

(Room Lamp/Sunroof

il e e 7 .‘-‘7"""‘_',"‘.3':-/--;'.,, , / S @ : N N N
(Headrest 4 i 7N A T e )X elAtO|= ey
5 2 . — / (Inside Mirror)

23N

NAREES
(Driver Seat)

N\ (shroud)
\ 5 \2\\ AE|HE & g8
N\ (Steering Wheel

SFEEH 2F0| [ ’ — ‘Qolumn)

N
(2H: Lumbar 5ubport
Knop) \ '

\Aleﬂ 20|
(lgn tlon Start

Vey hole)

'\, AM

Mt e

(Package Tray)

A, U j) \ \ (Assmtant
(Passenger Seat) ~_ 0 /a3 alold/Estol= =& Aflx|
— (Leak Lining /Slide Adjust) Passenger Seat)

Vehicle Structure Ch.1-18



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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SMemee_”

@ 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

Ropf Side Outer
Rail f Wheel
A Pillar Inner House
& Outer j lB Pillar Inner &
y7 Quter
Hinge 5
Pillar /
/ Rocker
Upper Inner Quarter
Rail Panel

%ocker Outer
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Underbody

A ,-; -
TR

[]
]
- T
)

Floor Pan
Assembly

Vehicle Structure Ch.1-22



Vehicle Structure

Motor Compartment

Upper |
Radiator
Support %

#1 Bar Dash
Lower%

Radiator
Support
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Floor Pan

Floor
=, Pan
R )
#2 Bar B?;r
S _”n
Tunnel

~=x2213  Reinforcement
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Rear Compartment

Compartment
Pan

Rear Ratils
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Section Members

Load Bearing Body Box




Load Bearing Body Box-Section Members




Body Mass Benchmarking:

 Mass = 325 kg (100 sedans: 2002-2008 Model Year)
— Body shell: no trim(L{%}), glass, closure(=0{, E& 3, 24)
— Functions: fuel economy, acceleration performance, handling

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

Electrical
T > Bod
1 EEmme, O
Payload / ‘\ C{%}ijle

...........

| PUI'pOSB
‘ of Vehicle

Bumpers Suspensions
1 0/0 90/0 -
POVQ%;tfain“ Wheels & Tires 5% -
°  Fuel & Exhaust
3%

Vehicle Structure

typical mid-size vehicle

Integral body
Front wheel drive
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Mass Estimates (kg): small car

ICE 1 ICE 1 HEV 1 HEV 1 FSV1 | FSV1

a 2010 2020 2010 2020 PHEV,y | BEV
4% |Body Non-Structure 245 190 215 190 190 190
@' Body Structure 272 241 272 237 173 190
7 + |Front Suspension 59 40 62 45 40 45
-{;J Rear Suspension 53 39 61 37 26 35
-~ |Steering 17 17 17 17 16 16
*  |Brakes 38 31 40 33 29 32
. ;;-* = |Drivetrain 222 197 297 252 215 78
=~ |Fuel, Battery, Exhaust| 48 55 104 105 98 347
©  |Wheels and Tires 78 59 68 55 38 1
=3 air Conditioning 32 12 27 33 36 36
< Electrical 55 63 55 66 63 58
€ |Bumpers 26 21 23 24 20 23
a Closures 54 48 49 4 46 46

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

ICE 2 ICE 2 HEV 2 HEV 2 FSV 2 FSV 2
2010 2020 2010 2020 PHEVy | FCEV
<4 [Body Non-Structure 302 210 257 210 210 210
@ Body Structure 337 298 337 303 198 175
q \ Front Suspension 73 49 76 55 51 4
-{;J Rear Suspension 65 45 73 44 52 34
.~ |Steering 21 21 21 21 19 19
*7  |Brakes 47 37 49 40 37 34
-”'&"“‘" Drivetrain 274 244 359 304 261 177
== |Fuel, Battery, Exhaust 59 68 125 127 178 114
©  |wneels and Tires 96 72 80 73 70 61
= |air Conditioning 10 52 35 16 47 47
< |Electrical 68 78 68 82 83 93
€« |Bumpers 33 25 31 28 2 22
a Closures 67 59 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 Audi A4
Year of construction 1972

ca. 850kg

Year of construction 2007
ca. 1440kg

Example for drivers-assistant systems

Comfort

Safety

Infotailnment

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 / memory

Electro mechanical parking brake

Dynamic navigation

Power steering

Airbag

Emergency call

Air-conditioning

Seatbelt

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

T

ke

-"‘Imn_'_ S --10" | =4.01
C,-A| N-m/deg-m~

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

C[kNm/deg) : Torsion stiffness of BIW
including bolted elements and glued windscreen

A [m?): Projected area (wheel base - tread)

Vehicle Structure

Vehicle Lightweight Torsional Stiffness 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
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Lightweight Quantification

i j mg,, = Body structure weight (without doors and
m I g closures)
Lightweight quality L=—%= %107 ¢; = Torsion stiffness (with screens)
e * A4 Nm | 2
L ® | A = contact patch (wheel track x wheel base)

316 (E30) — 1982 316i (E36) — 1990 316i (E46) — 1998 316i (E96) — 2005
M., = 1030kg M., = 1266kg m,.., = 1385kg M., = 1320kg
m,,, = 260kg m,., = 310kg Mg, = 284kg Mg, = 267kg

¢r = 6500Nm/° ¢; = 10300Nm/° ¢; = 20000Nm/° ¢r = 25000Nm/°

L =28,60 L=5,67 L =3,02Z L=2,58

Source: B. Ludtke, 1999
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@D HYUNDAI | e s o

j 4 ( ) 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

LIGHTWEIGHT INDEX
BIW WEIGHT
TORSIONAL STIFFNESS
AREA

14.6

Predecessor

Hyundai Sonata at GDIS Conference 2013

Vehicle Structure

i40
2.09
325.6
353
4.415

286 i
i40

Predecessor

a4
3023
14.6
4.69

. Bending
. Torsion

Body stucture efficiency index
BIW weight
Body torsional static stiffness

Body projection area considering
vehicle spec.

BIW Concept
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NIKKEI MONOZUKURI (2008.04): Nissan Motors
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Super Light Car (SLC) 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

@ 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%)
[ Hot-formed steel

1 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% - 0 )
50% R 97% ~ 90%

40% H ULSAB. . HSS Glga'Pascal |

® ULSAB-AVC. > A :

30% ﬂ— —‘A e

20%

10%

Body Structure Content (%)

-..ll.l ".'.!'.I.!

210 270 340 370 400 450 500 600 700 800 900 1000 1200 1470 1500
Tensile Strength (MPa)

1994 Ref. Vehicle ULSAB ULSAB-AVC FSV m
) - 3
[

0%

- - ‘--‘\\

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

Average Tensile Strength

758 MPa 789 MPa

413 MPa

Tensile Strength (MPa)
6
o
o

Vehicle Structure

400
200 271 MPa
200 -
100 -
0 _

1995 Ref.
Vehicle

ULSAB

3 Times Stronger

ULSAB AVC FSV

i

(2011)
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Mass Targets

Raising the Bar in Vehicle Mass Reduction

Baseline: former,
mild steel design

ULSAB, ULSAB-AVC FutureSteelVehicle
(FSV)
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Vehicle Structure

WorldAutoSteel

LSAB ULSAB AVC
- C Class
1997 2004
Vehicle Mass kg 1350 066 1232
: M 185 4440
- - kg 20% 36%
1894 Ford
References Taurus 243 268
(1450kg)
|Reference/Benchmark BIW Mass 271 268 200
ULSAB - Achieved BIW Mass 222;
***Mass reduction from ULSAB for Cclass
20
*Additional mass - Crash requirements for 25
2004
208
ULSAB AVC - Target BIW Mass (=203-
2_olll+25l)
ULSAB AVC - Achieved BIW Mass i‘;f
ULSAB AVC - Achieved BIW Mass relative 25%
to Reference Benchmark
U to ULSAB-AVC
Additional mass - Crash requirements 5
2020
Additional mass for: Higher Mass ag
Powertrain (mass eompon.m&'bg)
Mass reduction for 2020 Technology 10
Implementation
Mass reduction Efficient Front-end 11
[Package
** Total Updates to ULSAB-AVC for 2020 22
FSV-1 - Interim BIW Mass Target 224
(Current AHSS Steel Solution) (=202+22*%)
-23%
Additional Mass Reduction Advanced
Steel T -15% -33.6
FSV-1 - Final BIW Mass Target 190
(Advanced Steel Solution)
-34%
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Nikkei Monozukuri 20164 92l

- 0| S+M=2E SEH2Z 20l HiC| S M=ot= BE[HEZ|E

o T =H
)\-Ij;”E AI |_

- BMW 7 A|E|7<' Xj2Fz 2k 130kg 22
. Audi Q7: X}2k=2k 300kg 22
- XA A XASKEELA 7L dEet/ =2 #E= 0l
- QlH|ZMo| ojEat &2
« CIH|#X|(CO2Hf =2t Al|) AlZHetA| (2020 =) 28
— 1059/km(2020, ¥ &), 95g/km(2021, &
- 1gx= AXV Y, O EY R Ms2ite 2= =57t
- BEel7|=0f 271X gk
+ P& $: YUE| 02| Yo, 0| ZHE HE-HA
- BN =EE M0 X (BT HL0HAM He 45
QI-E)
- NAES(EE/HE), FHEZ(EHA|) gle oot =
. & mA: CFRP, TL{YA £X|, PES, Polymer Alloy(PP+PA)
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BMW 7 Series
x+e=|7m+o CFRP_' LH40= 17t

Carbon Core H{C| 41 =: 40kg AZ

CFRP: Z(E)CHH| Z T 1048}, & Z I=1/4
KE=AS>=sIM LS ShAL
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- 28 ZHe = Jdhl= SSF0| CFRPZ d¥ot f55 24Nz 3¢
C EDYHLWOILL AT ALG HIES 50 BEH 50| 5 UL AW
- BFHE & oM d=/E-d0] ROHT X0 CFRPZ ¥t 255 S8
- HEEM? ZAH L 2
rear spring support inner roof . roofside frame 22 I{(CFRP)
transmission tunnel Carrier frame

(L20|5 CHl Il (EDEAW)

S HEF)
side member(2F0Is&3) -

bulkhead
support carrier
EnEE Rl

i

B pillar 22 1Y

front spring (CFRP) -
strut dome inner side frame ]
(2=0l= (ZEL/DEHLEY 1
CHOISHAE) side sill 22 XH(CFRP)

engine carrier outer = plate side sill 22 plate
(ER0I5E3) (ZEDEHLE) (ZE0ESHZE

Vehicle Structure

B pillar 22 plate
(ZEXS2E, tailored blankZ 4 8)

C pillar 2Z Xi(CFRP)

outer side frame (deep drawing& 2 )

£nEzzeHooompaols) [l CFRP
CHAMZHEH300MPaO| &) R
HELESE

Ch.1- 46
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C pillar 22 M
roof cross member (B, 2l8xZ)

(B, cI¥HZ)

Roof Side Frame
S2H(E )

B pillar 22 (& =

side sill 22 (B )

transmission tunnel 22 (& &)

Vehicle Structure Ch.1-47
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0| 300kg
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ATIWZ 5 5kg ME -187kg  HiC|o| HE|ME{R| LS}t -71kg
ol x| HFEHJ A|AEI -46kg
-2.5kg
210] 08} &
-4.2Kg
32520
-4kg

Hal0|3 -8.5kg
E3lo|EEHQl -20kg
£0{ -24kg

g|o{Us -40kg  HYZ|A|AE! -19kg
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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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