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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

• 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)

2010 Nissan March

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

• Assembly of metal stampings
– Advanced high-strength steel (AHSS, Sut > 440MPa): 10%
– High-strength steel (HSS, 240< Sut < 440MPa): 35%
– Mild steel (Sut < 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
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Automobile Body Types (2)

• 모노코크보디(Monocoque Body, Unit Construction 
Body)
– French term for “single shell” or “single hull”
– 자동차의차체와프레임을일체로제작하여하중과충격에견
딜수있는구조로하여차의경량화와바닥을낮게할수있
다. 차체를상자형으로제작하여외력을차체전체에분산시
켜전체로힘을받도록한것이며곡면을이용하여강도를증
가하도록결합되어있다. 현가장치나엔진의설치부와같은
외력이집중되는부분에는작은프레임을두어이것을통하여
차체에힘을분산시키도록되어있다.
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Body Configurations
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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
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Monocoque vs. Body-on-frame

(2016.05.22)
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Body Nomenclature
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Underbody Members
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Underbody Members: Bottom View
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Cross Sections
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Exterior Nomenclature
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Interior Nomenclature:
Crash Pad, Console, Door Trim
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Interior Nomenclature:
Seat, Head Lining, Pillar Trim
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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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BIW (2)
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Side Frame
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Underbody
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Motor Compartment
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Floor Pan
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Rear Compartment
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Load Bearing Body Box-Section Members
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Load Bearing Body Box-Section Members
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Body Mass Benchmarking: A2Mac1.com

• Mass ≈ 325 kg (100 sedans: 2002-2008 Model Year)
– Body shell: no trim(내장), glass, closure(도어, 트렁크, 본닛)
– Functions: fuel economy, acceleration performance, handling

• Structural efficiency < 0.2
– (body structure mass)/(gross vehicle mass)

typical mid-size vehicle
- Integral body
- Front wheel drive
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Mass Estimates (kg): small car

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

Source: Future Steel Vehicle: Phase I – Executive Summary (2009)
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자동차의구조부
부위 중량비율(%)

차체
부품

관련

프레임 계
비 충격흡수

20
충격흡수

외판 계

후드/트렁크

6사이드

루프

외장 계 7

내장 계 11

휠 주변

관련

서스펜션 계

전/후 암

12
스프링

댐퍼

서브프레임

휠 계 7

조향 계
기어박스

3
스티어링

파워트레인

관련

흡배기/연료 계
7

연료장치 계

트랜스미션 계
18

엔진 계

전장품/기타 9
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구조부(프레임/외판) 현황

재료
(MPa)

판두께
(mm)

중량
(kg) 요구사항

프
레
임

계

찌그
러지
지 않
는 부
위

단순
구조

보강
부위

범퍼 빔
도어 빔

980 1.60 50
충격강도
피로강도
용접성

복잡
구조

구조
부위

프론트필러
B필러

590 1.30 130

충격강도
피로강도

강성
성형성

찌그러지는
부위

충격
흡수
부위

프론트사이드
멤버

프론트크로스
멤버

440 1.40 80 에너지흡수성
강성

외판 계
외판
부위

340 0.65 80
외관표면품질
덴트저항성
인장강성

* 차량 전체 중량을 1300kg으로 가정하고 산출
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Lightweight Development (1)
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Body Structure - Lightweight Index
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Lightweight Quantification
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차체경량화를위한재료활용동향

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

• Multi-material concepts design and optimization
– Multi-material vehicle concept 35% (101 Kg) weight 

reduction compared to the reference (VW Golf V, 2004 
benchmark)

VOLKSWAGEN AG

www.superlightcar.com (2009)
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FSV vs. UltraLight: Tensile Strength (1)

www.worldautosteel.org (2011)
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FSV vs. UltraLight: Tensile Strength (2)

www.worldautosteel.org (2011)
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Raising the Bar in Vehicle Mass Reduction

Baseline: former, 
mild steel design

ULSAB, ULSAB-AVC FutureSteelVehicle
(FSV)

-21 to 40%

-25%

-35%

Mass Targets
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Nikkei Monozukuri 2016년 9월호

– 이종복수재료를복합적으로조합해바디를제조하는멀티머터리얼
설계를실용화

• BMW 7 시리즈: 차량중량 130kg 경감
• Audi Q7: 차량중량 300kg 경감

– 자동차및자동차부품업계가경량화기술을찾는이유
• 연비경쟁이매출과직결
• 연비규제(CO2배출량규제) 시간한계 (2020년문제) 근접

– 105g/km(2020, 일본), 95g/km(2021, 유럽)
– 고효율엔진개발, 파워트레인전동화만으로는불가능

– 경량화기술의 2가지방향
• 구조변경: 멀티머터리얼화, 이종재료접합·접착

– 경량재료를적제적소에배치 (총중량감소하면서필요강도
확보)

– 체결부품(볼트/너트), 주변부품(플랜지) 없는간소한구조
• 재료교체: CFRP, 고내열성수지, PES, Polymer Alloy(PP+PA)
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BMW 7 Series
고장력강판을 CFRP골격으로보강

• Carbon Core 바디 구조: 40kg 경감
• CFRP: 강(철)대비 강도 10배, 질량 1/4
• 저중심주행성능 향상
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멀티머터리얼바디의구조

초고장력강판(900MPa이상)

다상강판(300MPa이상)

알루미늄합금

강판
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새로운바디구조

– 2장강판으로형성되는중공부에 CFRP로성형한부품을골격재로통합
• 초고장력강판이나다상강판사용비중을높여판두께줄여중량절감은일반적
• 판두께를얇게해서강도/강성이낮아진곳에 CFRP로성형한 부품을통합
• 접합문제? 접착제와리벳

roof side frame 보강재(CFRP)
C pillar 보강재(CFRP)

B pillar 보강 plate
(초고장력강판, tailored blank로 성형)

side sill 보강 plate
(초고장력강판)

side sill 보강재(CFRP)
outer 접속 plate
(초고장력강판)

engine carrier
(알루미늄합금)

B pillar 보강재
(CFRP)

inner side frame
(초고/고장력강판)

outer side frame (deep drawing용 강판)

inner roof
frame
(초고장력강판)

front spring
strut dome
(알루미늄
다이캐스트)

bulkhead
support carrier
(초고장력강판)

side member(알루미늄합금)

transmission tunnel 
보강재(접착)

rear spring support 
carrier
(알루미늄 다이캐스트)

초고장력강판(900MPa이상)

다상강판(300MPa이상)

알루미늄합금

강판
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CFRP제부품과탑재위치

– 강판제인너판넬을이어붙여인너바디제작
– 인너바디의필요한부분에접착제도포, CFRP제보강재접착

(강한접합력이필요한곳은기계적으로체결)
– 강판제아우터판넬을인너바디에용접으로접합

• B필러보강플레이트, 사이드씰보강플레이트

C pillar 보강재
(접착, 리벳체결)

B pillar 보강재(접착)

side sill 보강재(접착)

transmission tunnel 보강재(접착)

roof cross member
(접착, 리벳체결)

Rear shelf(접착, clip체결)

Roof Side Frame
보강재(접착)
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Audi Q7: 소재를구분하여 300kg 경량화

– 2016년 3월일본에서판매
– 적재적소적량을인식하여알루미늄합금이나고장력강판등
여러가지소재를구분하여설계한결과대폭적인경량화가가
능연비효율 30%이상개선

– 바디전체질량의 41%에해당하는부분이알루미늄합금
• 고강도가요구되는부분: 프런트엔드, 리어엔드, 캐빈외피
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바디를구성하는재료

초고장력강판(열간프레스강판)
일반 강
알루미늄합금

알루미늄합금 판
알루미늄합금 주조
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300kg 경량화내역

엔진냉각

엔진

와이어하네스

브레이크

드라이브트레인

도어

리어액슬 배기시스템

시트 바디의 멀티머터리얼화

연료탱크시스템

수하물플로어
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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
– Identify 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


