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FOREWORD

The first time | met Stuart his legs were sticking out from under a prototype Minwan, He was [terally under-
neath the van looking for & way o make the seats fold into the floor. Such is his curiosity and deep dedication
to preblem solving. Stu is the kind of packaging enginecr that has an exceptional respect for design. Being an
accomplished designer himself he hes always recognized that the art of packaging is the great facilitator and
ultimately. in the hands of the skilled designer, it is the great differentiator.

As a designer | am a firm believer that proportions are “everything.” They are also deeply rocted in naturne
and our psyche. Much ke how a child responds to a cute stuffed animal we respond to well sorted designs.
Appealing designs are the direct bi-product of great proportions. Great proportions are the resulls of judicious
packaging work. However, therg is no such thing as the perfecl car as every Car is 8 COmpromise (1 Some way,
Great package work aims to minimize that compromise and allows the visionary designer and engingars as
much freedom of design as possible. Each vehicle design has its mission, whether to maximize intenor volume
for occupants or to achieve excoptional on track performance or perhaps even to cheat the wind to achigve
the best fuel ecanamy possible. Artful packaging is the calculated rationing of these distinetive compromises,
Great ¢esigners can manipulate this balance of compromises in their favor 1o create designs that provoke and
titiflate the senses. often creating an iconke product that punctuates the epoch in the process.

What enables these iconic designs is indeed the frue mastery of packaging, As most vehicles are commercial
products that must be relevant to the masses, greal packaging can give a vehicle a much deeper well of great-
ness. A vehicle with thoughtful and practical solutions will always have grealer staying power, It /s up 10 the as-
tute leadership of the firm and the design visionary 1o tune this balance of art, busingas and the forces of the
practical consumaer. Design can he a victim of flawed packaging as easily as it can be glorified by it. Neediess
to say, the art of autometive design has momentanily matured. Most packages are being regurgitated over mul
tiple decades and the realities of physics and the wind tunnels are pushing design into a collective camer,

The saviar comes within our Umes, We are on the brink of a brave new world of design where once again
the componeats beneath the skin are changing In dramatic ways, With the fundamental change in system
components comeas the promise of new proportions enabied by creative packaging. New propulsion systems
components will aliow us rewfound design freedom that will certainly have a profound effect on the style of



automobliles vet to be penned. We are an ever evolving specles, yet our core needs and Instinets remain some-
what constant In the end. As far as the business end of design is concemed, humans will always respond 10
provocative yet sensibly executed designs. This balance af the sensible and the provocative s what the art of
packaging enables.

This bogk 15 & lifelong dream of Stu's and the direct byproduct of his passion for the automobile and the fas
cinating process of its creation. He manages 1o demystify the design process in a way that will allow aspiring
dasigners to benefit immediately from what amounts o a careers worth of knowledge. Mot only is the book
artfully done, it s truly substantive and gives the student desigrier unprecedented access to the inner sanc-
tum of vehicle design, This book 15 full of extremely helpful insights that help the aspinng designer grasp the
fundamentals of good design,

This exceptional amount of information comes together to become anessential tool in the toolbox of an aspir
ing designer. In ather words, it is the decisive bible of automobile packaging.

RALPH GILLES - Vice Presigent of Design, Chrysier Motors

Vehicle design 's not pragmatic, it is an art, a rebellious act that must alsoe work and function. Stuart and Geoff
have created “the guide™ to help every designer and engineer find “the magic” that makes each vehicle design
and architecture unigue, and come alive in the studio. Certain vehicles have a stance, a look and proportions
that tell an aspiring story that creates desirability and an identity, 1t's the "‘mojo” that no ane seems to be able
to exptain! Read evary word and every page of H-POINT, The Fundamentals of Car Design & Packaging and |
guarantee it will give you the secrets to finding “the magic!”

FAEEMAN THOMAS - Design Director. Ford Agvenced Design

H-POINT | 9
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INTRODUCTION

In 2002, the Transpartation Design Department at Art Center College of Design in Pasadena, California set out
to re-focus their vehicle architecture education pregram. The goal was to help the undergraduate transportatian
design students prepare for an automotive industry that was putting greater demands on their design studio
teams in a global landscape that was becoming more competitive and complex.

The challenge to the faculty was to develop a syllabus which reflected the real world advanced concept develop-
ment process and support the class with material that would be palalable Lo the sludents who were alrzady in
a very challenging educational program. After several vears of development, these notes have been assembled
to create H-FOINT

We have tried to pull together just the right amount of infarmation and present it in a form that can be digested
by even the most sleep deprived design student. Fartunately. much of a vehicle's exterior design can be es-
tablished arpund a few of the major systems, so at the advanced stages of a project many companents can
be left out of the package to reduce its complexity. This has enabled us to boil the subject down. not having
1o describe every comporent in great detall, but rather to focus on only the Key elements that influence the
exterior and intenar advarced design.

Car design can be a chicken-and-ggg process, with the concept being driven by either design [emation) or the
package (logich. ldeally bath are developed harmoniously to result in @ pure and rational product. The processas
used to develop concepts continually evelve as new tools emerge and the proaducts become morg and more
comples, so the Infarmation contained in the following chapters is very generic and can be applied In any design
studio envirenment.

Packaging. or setting up the vehicle architecture, has always been a fundamental element in the creation of a
successful product, which |5 why the main objective here is to empower designers to be part af the package
development process from day one. Hislory is full of exampies of vehicles with groundbreaking designs which
were driven by an innovative package. Cars like the Chrysler Airflow, VW Beetle, leep Wrangler, BMC Mini and
the Mclaren F1, for example, all pushed automotive design foreard in their own way and still influence car
design today.

Hopefully, this book will help you create the next histonc icon.



The main objective for the advanced concept madel is to develop form, proportion and architecture that pushes
beyvond current boundaries. To help the process flow, many important comaponents are lefl aut of the mitial stud
15, Although this usually leads te a less than 100% production feasible package, the architecture should be close
enough to the final solution that the concept’s character is not lost after preduction engineering is complete.
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A BRIEF HISTORY OF VEHICLE ARCHITECTURE

Probably the best way to understand the role of packaging in the design process is to look at how and why
vehicie proportions have changed over time, The next few pages provide a conclse averview of some of the kay
milestone vemeles from 140 years of automotive history and the events that influenced them, Nole that many
of the timeless cars and trucks shown ware created entirely by their architects, but when styling or emotion
became the driving factor for the concepts, ther litespan was often short,

Nicholas Otto is given credit for inventing the four-stroke internal combustion (1.C.) engine in 1B76. This turned
out to he one of the mast significant inventions in the history of mankingd. s location, size, configuration and
arientation have always had a major effect on a vehicle's exterior proportions.

Mary of the early cars had simple two-gylinder engines, bul as customers demandad more power the |.C. &n-
gine developed rapidly. The first suecyiinder appeared in 1902 followed by a VB in 1903, Cadillac buil a V12
in 1902 and started to mass prodece 8 70hp VB in 1915, This became the benchmark maotor in the USA for
many years.

In 1212, Cadillac also introduced the starter mator mage by Delco. This helped W give the intermal combustion ern-
gire a clear advantage over steam and electric power plants, which had until then dominated early automabiles:

Major inventions, events & cultural changes that have affected vehicle architecture,

4000 BC
The Wheel
[Mesapotainial

1776 1876 IHEE
Industrial Revolution Four-5troke Engine Prneumatic Tire
IEngland] Niclaus Otto (Garmany) Ouniop (Englandi




THE FIRST MOTOR CAR

Gottleib Daimier is generally credited with creating
the first venicle powerad by an internal combustion
engine. Many garty cars were adapted from horse-
drawn camages and had the same body and chas-
si5 architecture as well as a similar occupant pack-
age. Carl Benz's “Motor Car” was an exception and
had a new package. from the ground up.

1888
DAIMLER MOTOR CARRIAGE
|GERMANY|

This is probably one of the first exampies of an au
tarrotive designer stuck with the paradigms.of the
past. It was called the motor carriage and that’s ex-
actly how it was configurad.

FRONT-ENGINE LAYDUT

Panhard-Levassor made some great strides in the
early years of automaobile design. They were the first
to place the angine In the front af the carand link it
o the rear wheeis through a clutech and multispesd
transmission. The Panhard-Levassor Company was
ane of the largest auto companies before WW L.

(891
PANHARDO-LEVASS50R
(FAANCE]

Al this time, many other cars added faux hoods o
copy the styie of the European Panhards. Signifi
cantly. millfons of fuxury cars and trucHs today are
Oullt with this same Basic companent fayout

ALTERNATIVE PROPULSION

Electric and steam cars were in the majority inthe Us
at the early part of the 20th century. Companies like
Bakar, Woods and Detroll Electric developed electric
vehicles that were clean. rellable and easy (o starl,
In Europe, Prof, Ferdinand Porsche was developing
electrnc and hybnd vehicles for Lohne. Steam tech
riglogy was mature at this Lime and cars made by
Boble and Stanley wera also quite sucoesshul.

908
BAKER ELECTHIC
fUSA]

The power, range and lower cost of L.C. angdines soon
made elecric cars uncampetitive, Ironically, the in
troduction of the electric starter motar i 1912 fin
ished fhem off.

tag3 1894
Diesel Enging
Audolf Diesel |Germany)

Prop Shaft
Renault [France)

1893
Sieering Wheel
Packard [USA)

Steel Frame
Mercedes |Germanyl

1303
First FAght
Wright Brothers (LS4

H-PIINT | 13



MASS PRODUCTION

Henry Ford set out to democratize the autemoblle,
by reducing the price of a car and raising wages
through mass production, The Ford factory pro-
duced one Mode! Tevery three minutes. They were
all painted biack because thal was the anly color
that waould dry quickly enough 10 keep up with the
produciion line.

UNIBODY CONSTRUCTION

This Lancia was a revolutionary car for the early
1920s, and the first car with a loadbearing uni-
oody (monocoque). Other innovations included in-
dependent front suspension with coil springs and
a narrow 13" V4 aluminum engine with a single
overhead cam.

ART & SCIENCE

Eftore Bugafti was nol only a greal designer but
also a briliant vehicle architect who, aleng with his
50N lean, were responsible for some of the most
beautiful cars In history. Etere had the unigue ability
to design struciure empathically, withoul strass
calculations, The Type 35 is stll one of the most
appealing and succaesshul race cars of all time,

912
MOOEL T
{USA)

With annual vehicle sales today of over B0 million,
it looks like Mr. Ford succeeded. The design of cars
toddy 5 aften influenced by the complexity and in-
vestment of high-valume mass production.

132a
LANCIA LAMHDA
[ITALY]

The vast majority of passenger cars and vans today
are built with a frameless wnibody structure and
independent suspensian,

19ce2
BUGATTI TYPE 35
IFRANCEI

Today, computer systems can aid designers to cre-
ate organic structures which are fully optimized and
often naturaily beautiful,

-
1505 a2 1914 1914 - 1918 1928

.I SAE Formed Starter Motor Introduced Automatlc Transmission Wortd War | synchromesh Gaars
(LISA) Delco |USA}L Mercedes [Germany] Cadillac (LISAI

L8
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AERDOYNAMICS & CAB FORWARD

Inspired by aerodynamic forms created by the Hun-
garian Paul laray, the revolutionary Alrflow package
pushed the occupants forward to the middle of the
wheelbase. |1 was also one of the first US produc-
tion cars to adopt unibody construction.

THE PEOPLE'S CAR

Probably one of the bast known cars of all time, i
was originally designed before WW I, by Prof Fer-
dinand Porsche with sponsorship from Adolf Hit-
ler, Much of its architecture was Inspired by the
Czechoslovakian Tatra T87. The rear enging (flat
four) “pecple’s car” was mass produced between
19382003, seling over 21 million wnits.

THE 4x4

Qriginally designed by Willys Overland In 1939 fo
cany four people—aor two with a siretcher—over
the rough terrain of wartorn Europe. The Citizen
Jeep (CJ) was produced for civilian use after Wi I
This was the first purpose-built 454 SUV. Updated
versions with similar architecture are still manufac-
tured today and it has become a design icon.

1934
CHRYSLER AIRFLOW
[USA]

The Airflows advanced design was too radical for
the market and was a disaster, almosl bankrupt
ing Chrysier. But after the initial design shock had
passed, bath Ford and GM adopted this form and
architacture and were very successful with it.

1938 145]
VW BEETLE
I(GERMANY|

Many other vahigles were built on its platform and
githough vary successful in lts awn right, it s waorth
noting that the Beetle has had little influence on cars
loday. its architecture was effectively a blind alley,

1945
JEEP WILLIES (Cd]
[USA]

The design, proportions and basic architecture are
based on pure logic and have remained almost the
same for over 85 vears. The sevensiot grll and
headiight layout also became the Jeep brand logo.
The-origingl Land Rovers were inspired by and de
signed from the early Jegps.

1928 1929
Stock Market Crash
Walt Streat JUSAI

First Freeway
Rome (1taty]

1937 1939 1939 - 1945
GM Styling Division First TV Broadcast World War )
Harley Eari {U54) (USAj

H-POINT | 15



THE PICKUP TRUCK

The DMNA for pickup trucks can oe traced back 1o
the 19th century, but the Ford F150 has held the t
tie of best-selling vehicle in the USA (and the warid)
for 20 years, 15 architecture I8 still very similar 1o
the ariginal F1 with its body and bed mounted on
a durable steg| frame. The longltudinal front en-
gine RWD/4WD powertrain and salid rear axie/ leaf
spring suspension layout atsa emain the same,

948
FORD Fi TRUCK
(USA]

Truck architecture iz another example of design
based on logic, Todays trucks are becoming more
Jusurious and are used more as (ifestyle vehicles.
Crossover and derivative 5UVs are often based on
truck platforms.

DESIGN WITH PASSION

The 'S0s & '60s ware glorious years for the US au-
tamobile industry. Fugled by cheap abundant gas,
a strong economy, the baby boom and post war op-
timism. the cars of this era grew t0 be enormous.
flamboyant and ideal for customizing. 1t is said that
the difference between European and Amencan
cars in this era was "A foot of styling.” What fol
lawed in the "7T0s was not pretly,

1956
CHEVAOLET BEL AlR
[USA]

The LS mesign studios simply could not react quickiy
enaugh to downsize their concepts during the oil cri-
sis of the earfy 1970s. They lost a huge amount af
market share [o smaller, more efficient imports. Do-
mestic market share has since dropped from 95%
in the '70s o less than 50% today.

PASSENGER PRIORITY

Sir Alec Issigonis was asked to creale a respect
able small car to help Britain get through the Susaz
il crisis. His answer was the Mini, which remained
in production for 40 ye=ars, seling over 5 million
cars. The tranaverse engine with FWD and 104nch
wheels created @ “passenger priority” package
which has been adopied by almost every high-vol-
ume car manufacturer in the world.

——__ - \:‘
2 ; F .
B
[958
BMC MiNI
[ENGLAND|

Probably ore of the most influential cars of all time,
its innovalive package lavoul can be seen in hun-
dreds of millions of vehicles woridwide. Because
af its relative complesity, the Mimy made aimast no
profit for the manufacturer, but the agvanced archi
tecture alfowed Issigonis lo design an exlenor which
instantly dated BMCs other cars.

1845 1548 1956
Atomic Bamb Oropped State of larael recognized tlisneyland Opens
IJapan| [Middie East) {California - USA)

Highway Act

1958 1956
Suez Oif Coisis
[USA| |England]

6 | H-POINT



MIO-ENGINE LAYOUT

Charlies & John Cooper entered their underpowerad
Formula 2 T45 In the 1958 Argenting F1 Grand
Prix and won. This was the first car o win a GP
with mid-rear engine layout which helped to create
a more balanced and serodynamic race car The
Cacper Climax T21 won the warld championships
in 1959 & 1960 and no front-enginge cars nave won
an Fl race since then,

1953
COOPER CLIMAX T51
IENGLANDI

The Benz & Auto Union race cars of the 19205 & "30s
were the first midvear engine cars, but the Coopers
were the first to win races because of their layout,
rather thar brute force. Today, the mid-engine layout
fs the signature for mMost ELropesan Supercarns.

THE BRITISH RODADSTER

Cailin Chapman was a very innovative lightweight-
sportscar architect who designed severa! classic
icons. The Elan defined the small British raadster
architecture. It weighed 590kg with a short 847
(213Emm) wheelbase. The small longitudinal front
1800ce engine drove the rear wheels and Chap-
man ulilized the prop shaft tunnel as a “backbana’
for the body structure.

1962
LOTUS ELAN
[ENGLAND]

Mary of todays small roadsters are based on the
Elan's philasophy but are usually larger to provide
space for 8 more generous occupant package, a maorne
powerful ending and a crashworthy body structurg.

THE LUXURAY 5UV

The first, fully off-road capable luxury SUV. The Wag-
oneer was the Inspiration for the very successful
Range Rover in 1970 and many othar madeis that
followed, including the 1984 Jeep Cherohkes with
a unibody. Initially, lusory SUVS represented only
a small perventage of the market, but today they
sell in very high volumes and earn large profits for
their manufacturers, Ther main drawbach is {usl
consumption.

{963
JEEF WAGONEER
{USA]

To reel their arigina functional requirements, the
architecture reguires g very high foor and seating
pasition, This provides owners with a sense of secu-
rity and status. Most SUVS are sold for thelr image,
nal thelr functlonality.

1960 1851 1961 1963 1965 - 1975
Beatles Formed Heach Boys Formed First Man in Space SEMA foundad Vigtnam War
|England| (Califarnia - US| Yuri Gagarin [USSR) 1USAl
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O0OWN FORCE

Designed by lim Hall, the Chapparel was the first
racing car to employ 8 large wing o create down
force to increase traction without adding mass. Al-
though much about aerodynamics and vehicie dy
namics was known after WW I, it took at least 20
years to apply the knowledge

1965
CHAPPAREL
[USA]|

The lessorn ta be keamed from this Car is that some
quile obvious salullons may take a white [o become
obvious (o everyone, There are still glenty of inven-
tipns waiting to be realized.

THE HATCHBACK

The Goll was not the first hatchback. That honor
goes 1o a version of the 1954 Citroén Traction
Avant, It also owes much of its proportions to the
1971 Alka Romeo Alfasud {also designed by Giugia
ra), However, the Galf helped to define the formula
for the perfect Europaan family-sized hatchback.
The GT! versiens also helped to define the “Hot
Hatch”™ market.

875
VW GOLF
[GEAMANY)

Hatchbacks are a staple of the Eurapean markets
wherg many peapfe can only afford one small car
which has to serve many functions, including being
easy o park.

THE MINIVAN

Mhe thought of driving & minivan with imitation
wind cladding sends a shudder down the spine of
ary yourg designer. However, the PWD, car-based
architecture of the Chrysler Minvans was a stroke
of genius, providlng Americans with justification
to once again drive large vehicles becauss these
were efficient.

985
CHAYSLER MINIVAN
[USA)

Ford and GM simply downsized ther full-size vans
with “an frame”™ body construction and /WD, which
made them inefficient. Chrysler's passenger prior
ite, unibiody, and FWO architecture (like the Mini)
changed the global minivan market forever, increas-
ing sales by milltons of LS

1963 1973 1988 - 1968 1989 1980
First Moon Walk il Crisis Fl Turbo Era Berlin Wall Falls Gulf War
INei{ Armstrong - USA) [OPEC] |Europe) (Germany] |Middle East|
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NEW MICRO CARS

The Smart car was desipned specifically 1o offer
safe, nexpensive, easyto-park commuter trans
portation for two peopie. Its very short overall
iength Is made possibie by the 660cc enging that
is packaged under the rear floon a very strong
“Tridion™ body structure and a single rw of seats
The ForTwo also fits into the Japanese “Kel™ car
segment which offers tax incentives to small, low
powersd Cars,

1990
SMART FORTWO
IGEAMANY|

franically, perpendicuiar “nose first” parking is ilfegal
i mast European cities, so the Smarl & unable 1o
help sofve chronic parking issues. This highfights the
need for total lranspoftation solufions. Significantiy,
the Smart is now sold in the LiSA.

X X LARGE

In the last vear (2008) of the H1's production, it
sold only a few hundred units. Atthough it was a
specialist vehicle, it reset the bar for the size of
large personal vehicles. s origingl success in the
US market was due to the role it plaved m the first
Gulf war in 1990, With gas consumption araund
1012 mpg. it is not only great for helping to liber-
ate aikbrich countries bul also ideal for taking the
kids to school in Detroit.

1992
HUMMER HI
[USA]

The average weigh! of vehicles is now much higher
than it was in the "G0s, mamnly due [0 sircler crash
reguiremants, improved performance angd larger in
terfior volumes. Many peopie alsa want to feel more
secure white driving.

NEIGHBORHOOD
ELECTRIC VEHICLES

US legislation allows certain types of vehicies to
drive on public roads (35mph spesd limit) without
having to pass federal crash 1ests. This helps to
reduce weight, cost and investment allowing NEVs
to proliferate. The Gem seats 4 passengers, hasa
top speed of 25mph. a range of 3040 miles and
s very guiet. Most families own several différent
vehicles and the GEM helps to offset the cost and
ful consumption of largar cars.

1958
GEM E4
[USA]

Legislation and infrastructure piay a big rale (n ve-
hicle design, Today, many communilles are growing
up with gronisians for neighbarhood eloctric vehiicles
(MEVS] to help improwve tho guality of fife for rest
dents by reducing emissions, noise and antisocial
driving hatnts

199 1996
Google Founded
[USAI

WorldWideWeb

aom
First iPod
[USA)

2ol 2003

a.

War on Tarror

|USA) IMiddie East)
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“‘Creating a concept from a blank sheet of paper can be very daunting
for many designers. However, gvern though every project will vary, the
basic principles and the key elemenis of the gesign process remain
the same. Designing with a focused purpose and developing the ar
chitecture with a logical process enstires that every need s met”

GETTING STARTED |



THE ADVANCED CONCEPT DESIGN PROCESS

This stage usually takes B manths to a year to complete. This mindset is differ
ent than the production phase, much loaser and more progressive.

PRODUCT PLANNING FUNCTIONAL
& RESEARCH OBJECTIVES

The process starts with researching the
intended markets, customers and com-
petition. Emerging technology and mar-
ufactuning strategies are also studied.

DESIGN 5 PACKAGE
IDEATION

BENCHMAHKING ADOVANCED DESIGN
SIZING B PACKAGE &

PROPOATIONS CLAY MODEL

DEVELOPMENT

The basic layeut of the major components Once the tasle dimensions and bard
and any innovative features are sketched points for the concept are formulated,

lopsely (0 vanous configurations.

Primary goals for the project are set
These should be considered from
both the customer and manufaciur-

B parSechive.
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the scale or full-size ¢lay madel is built
and developed with the package.

Evisting products with similar attri-
butes are compared 10 validate the
deslgn direction. This process is used
to establish the basic proportions.



THE PADDUCTION DESIGN PROCESS

This can be a three- ar fousyear Himeline with uzusally ona year in the studio, The
final product must be 100% feasible, meeting all regquirements for manufacturing

and marketing.
.
EENIRHER PRODUCTION PRDOUCTION PRLTOTaNE
AOVANCED OESIGN ENGINEERING BUILD. T%SJ;NG .
COMNCEPT LAL
k

The advanced concept is handed to a productiondesign
team, This group will devaiop the exterior and intenor
surfaces guver & package thatis 100% feasible for production
and mests all of the cost targets, as well as the needs
of the intended markets. After testng, a few minor design
chariges may be required.
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SYSTEMS

Every package is comprised of the same group of systems (lustrated below),
Each of these systems will vary greatly according to the functicnal ohjectives of
the vahicle. Also, note that each of the companents that make up the different
systems is packaged within a spatial emvelope, which allows for motion, manufac-
Wwnng tolerances, clearances, heat Insulation, manenance and assembly.

OCCUPANTS INTERIORS & CARGO FOWERTRAIN

WHEELS & TIRES SUSPENSION B EHASSIS
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VEHICLE TYPES & MARKET SEGMENTS

At same point early in the design process, it should be decided which market
segment the concept will be designed for. Quite freguently, a multi-functional
concept is designed and will crossover to more than one segment. The market
segment or vehicle type is often determined before the project is started. help-
ing 1o focus the design team in a specific direction. For a “biug sky™ project, the
customer requirements may be the only considaration duning the ideation phasa
and a market segment associated later. The latter approach can help to break
paradigms associated with certain vahicle types.

MICRO CARS ECONOMY CARS

MINIVANS 5UVS

LUXURY CARS

PICKUP TRUCKS

COMMERCIAL VANS
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ANATOMY OF THE PASSENGER CAR PACKAGE

The elements in the package will vary from concept to concept, but the items
shown in these illustrations feature in most vehicles. Each of these alements will

need o be studied by the studio engineenng team dunng the development of the
project to provide a Righ level of confidence in the vehicla's design.

driver manikin —— |_ b pillar
|
windshield header — , || - headliner
A |
a pillar — ﬁ'-\ | | / .
. \ | | ! ~— rear gccupant manikins
steering wheel — \ \ - I i f
NN A R S
instrument panel - v\ \ . / | fear headar
h \\ \ | . .'I :.' o .
windshield — N\ - | pf e pillar
LY ' b i . 1 i K
. : ., | | / A A .
cowl / plenum — N ‘\ W \ I'. { [/ f.—tlack light
. \ ..x '." l|| 1 ] 1 .,' lll.'(
hood-— - e A 4 . — deck lid
"y N w % \ : , /
powertrain “\_l NN N ' J - trunk
b s e .
; : _— rear lighting
.-.-.-'-.
. tire diameters
E profiles

rear bumper &
impact system

- gpare tire

forward lighting —

caooling aperture .

front bumper & . _
impact system - _ =N . p— .
.—""" Fa . = - 'I : - e K
P / / ] \
approach angle — / S / f." | ‘\\ N departure angle
/ / ! T \
. i ./ ‘.f; | |II \
front spinale & suspension — / 4 I || \ — rear spindle & suspension
/ / / | - fuel tank
i I|I- |
— "turb” ground line

flioor & underbody structure —
/

ground clearance & ramp over angle —
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roof & roof systems 7 ~ roof rai
.~ side glass
v

— belt

-~ doors & door
aptertures

floor & underbody \
structure — fuel tank

UNIQUE, VEHICLE-5PECIFIC FEATURES

PICKUP TAUCKS “ frame

HATCHBACKS

/— convertibile top

CONVERTIBLES
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STEP-BY-STEP PROCESS

The Initial package should be kept as simple as possible. Only a few elements
gre needed o st up the basic exterior hard points. Just like a design Ideation
skatch, do not try 1o nclude evary detail or solve every probiem. The main objec-
tive |s {0 get staned.

Fortunately, the bulk of a vehicles propartions are established by only a few ele-
ments: the cocupanls, powertrain, tires, cargo storage, ground clearance and
crash protection systems, Thase ¢an be pul together in a logical order, but expect
1o ilerte the design continually. Try to think about which components will drve
1he package and which will be subordinate and why.

As-each system i5 added, it is going 1o affect the elements already located in the
package, 50 do nol be afraid 1o start piecing the package together and mahking
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adjustments as the concept develops. Always be sure to reference the functional
objectives that are driving the architecture, Lisually, if you stick to sound iogic,
the package is quite simple to build and you will be able to defend the layout if
it is ever challenged.

The examples, on the following mine pages, show how different types of vehicles
can be approached with the same fundamantal process evan though they require
totally different package solutions. Before creating the package geometry, loosely
sketch out the package and arrange the maor components based on the func-
tional objectives.



STEP |
PACKAGE & DESIGN DEATION
Loosely sketch out several package concepts hasead on the functional objectives.

Include fayouls of the occupants, cargo, powertrain, wheels and fuel. Also, think
about the body structure and ciosures (doors! and any other special features that

may infiuence the package.

Electric
Motor

High Seating Position

Cargo

Electric Motor i . Hatteries +
(35KW] %@ — Controllers
. i Z [12kWh]

Cargo

e C-ampﬂs[.u Eﬂdﬂ Shriotire

Gull-wing Door

Plogy i 1P, Motlule with Lamps.
wiper HvAL
spstem and plesi .

Ervtrsized aresmholase
strwebure for additional
_— rollover protection

—— FLAy qtr dvd il shresbure
are part of the extpvior cwcface

T——rall Sill Strscture
For Crrgh Protection

§ Figidity
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STEP 2

SET UP THE DRIVER'S HEIGHT & POSTURE

Start by positioning the driver using the SAE 95th percantile manikin. Establish
the heel heignt from the ground and then the seating posture.

Consider the ground clearance and underbody struciure when pasitioning the
heel points, Before setting up the seating postura, think about the foliowing:
downward visibifity, command-pithe-road seating (eye paoint from ground), center
of gravily, ingress/egress and asrodynamics.

Probaby the best way 10 get the driver Iocation close is to ook at existing ve-
hicles with the same attributes and benchmark them.

Sea Chapter 4 for more information on benchmarking,
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aTEP 3

SET UP THE REAR DCCUPANTS

Add the rear ccocupants if there are any. Again, use a 95th percentile manikmn with
consideration for leg raom and “theater” seating, f appropriata. 1o give the rear
occupants better forward visibility.

Note that some specialty cars, such as coupes or very small sedans witl not fuily
accommaodate a 95th percentile manikin in the rear.

With both manlking placed, establish a spacial envelope around them and de-
velop visibility goals. Look &t the eflective headroom and shoulder room first.
then look 2t the up and down angles through the windshield apertures. Any other
important relationships to the cccupants should be noted at this stage.
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STEP 4

SELECT AND INSTALL THE POWERTRAIN

Select and positian the powertrain (enging, transmisslon and final drive). The
choice of system may have a dramatic effect an the proportions, Choose it based
an the amourt and type of power required and alsa think about which wheeis will
be used 1o leed the power 10 N ground.

Seg Chapter 7 for more information on powertrain packaging.
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STEP S

SET UP THE OCCUPANTS' LATERAL LOCATION

After the powertrain is positioned, set up the lateral pasition of the ocoupants.
Consider the overall width limitation and the intenar environment expectations
for the type of vehicle you are desigring. The location of the manikins may also
be affected by the powertrain, aerodynamics, passenger passdhrough and thrae-
ACT0Ss Seating.

ETH

—
20
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STEP B

CREATE SPACE FOR THE CARGD

The cargo space may be designed arcund specific abjects or a volume target.
Look to create a fiexible interior environment with felding seats and bulkheads.
Weight will also be a consideration and this may afect the location and ather ele-

ments in the architecture such as the body structure and suspension.

Refer to Chapter & for more mformation on cango packaging.
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SIZE & POSITION THE [PRIMARY] DRIVEN WHEEL

Determine the size of the wheel and tire package and lacate the spindles of the
driven wheels relative to the accupants and powertrain.

Study the packages below and note the relationship of these elements, They will
differ greatly depending on the powertrain layout.

See Chapier 8 for information on wheel & tire choice and set up.

i ™ £ ‘\,
A\ J L S
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slEP B

ESTABLISH THE WHEELBASE

The location of the other wheel/ asle will depend on weight distnbution or package
efficiency. Far smaller economy cars., the wheels will be as close to the ccoupants
as possiole. For high-performance or luxury cars, the whealbasa will be sel up
o impreve handling or comfort. Trucks and commercial vehicles need o place
the wheels under the cargo area, to imit the effects on the steering when the
vehicte 15 loaded,

See Chapter 4 on size and proportion to help set up the wheelbase.

- ™y
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SET UP THE FRONT & HEAR THACKS

Although designers usually prefer the wheals (o be as far cuthoard as possible,
the track will be limited by the wehicle width target. The occupant package., cargo
requirements or handling targets may also push the wheels outboard.

See Chapters 4. 6 & 9 w0 understand some of the factors that govern the track.
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STEP 10
CREATE THE BODY AND INTERIORA TRIM SECTIONS

Devalop the body and interior sections throughout the package. The body stroc-
ture, door configurations and interiar degign will influence the exterior surface.

See Chaplers 6 & 10 for mare information on body architecture and interiors.

' ' r w
e
} {\
=) }
e v, — A
2 ™\ 4 ™
N e

|\

H-FOINT | 37



DESIGNING WITH SECTIONS

The bulk of the advanced package and the body s developed in five “Sectional
Views™ [multiple sections in one view) which are cut through the major elements
of the package—I.e., the hip points (H-points). spindles., powertrain, fuel tank and
ihe camgo compariment,

As the package progresses, more sections will be created around the vehicle, but
to gef the initial concep! started, it i5 important to keep the studies as simple
as possible.

The mam objective hare s 1o establish some of the main herd points, 50 that the
exterior deslgn can be modeiad over the key elements of the package, developing
the body structure as each section is constructed.

Every type of vahigle has special requiremeants and the location af the sections
may vary. The engine may be in the ear or under the floor far some cars. For
example, pickup trucks will need to be designed around the bed and the cab.

SECTIONAL VIEW A-A

This sechional side view is cut through the centerling of the bady and the occupants, The other elements are
shown to create a “meture” of the initial package layout,
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SECTIONAL VIEW A-A —\\

SECTIONAL VIEW B-B —.

.

- — SECTIDNAL VIEW D-0

. SECTIONAL VIEW C-C

The five main sectional views are cul through the
major elements of the package. Because most
vehicles have a lot of curvature in their surfaces,
multiple sections are put In each wew to form a
simplified plcture of each zone of the package.

For example. in the sideview section A-A, the vehicle
outline is shown at the YO (Y-zera)* centeriine.
The occupants are also shown in this view with
g section through the headliner at ihe occupant
centerling. The headroom is crossreferenced and
accurately illustrated in the rearview sections.

*The Y-grid plane runs along the centerline of the
car. Anything an-center is therefore located at Y.

SECTIONAL VIEW B-B

Cut through the front spindies and en
ging, this secton 15 used to heip prove
out the fromt suspension and engine
package under the hood and fenders.

SECTIDNAL VIEW C-C

Cut through the front sccupants’
H-points and head contours, this key
section I created (o set up the door
panels, side glass and roofrail sec-
tions. Other elements ke the roof
over the hesd emironmeni, sills,
finor and wnderbady structure are
also included here,

SECTIONAL VIEW 0-0

Cut through the rear ocoupants, this
is similar to the section through the
front occupants but here the fugl tank
i5 aften included under the rear seat.

SECTIONAL VIEW E-E

Cut through the rear spindies, this
shows the cargo bay and the rear
suspensaion - gystem. Other items
such as (he exhaust systerm and
sparme tire may also be featured.

H-POINT | 39



GRIO PLANES ILINES]| SAE JIiB3

The package is built in a 100mm three-dimensional grid which becomes the
master vehicle gnd system throughout the project’s life. This XYZ grid is created
by the Intersections of a seres of horzantal, longlludinal and |ateral planes. The
gnd reference system is used as a reference betwaen the CAD (computer-aided
design) madels (or drawings) and the clay models. The lotation of the vehicie
components and section cutling planes are also referenced to the grid.

—

Z GRIOS IVERTICAL)

| vehicle centerling
[ ¥=0
—=— EXAMPLE: The passenger
is located at Y 365
fABHmmM from center).

X GRIDS [LONGITUBINAL

X
GRIO ORIGIN POINT Sy
Z
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- "CUAB" GROUND LINE

Y GRIOS |LATERAL|

=0 The GRID ORIGIN POINT should be located out in frant of the bumper and balow the ground. Once created,
=0 it will alwaps remain in the same place relative 1o the package. I the ground line |5 modified and pushed
=0 away from the body or the front fascia is moved forward, they will not move te a “minus” grid coordinata.



GROUND PLANES [LINES]

During the design process, the body, powertrain, cccupants efc. maintain their
lecation in the gnd systemy, The ground: line, nowever, s repositioned according
10 the location of the tire contact patch. (This is oppasite ta the real world where
the vehicle moves up and down on a fised road). Three different factors will cause

a vafiatian in the relationship of the vehicle to the ground line:

1. Loading [atitude)
2. Tire sire vaniation

3. Ride height settings

These are lllustrated below: Each reguire thelr own set of ground lines. There
are several reasons o create a ground ling for each condition. Maintaiming the
reqguired ground clearance is one reason, Measuring the venicla's ovarall neight
and stepein height i1s also a very important factor (o consider,

Mest vehicles are designed and modeled at "“CURB" attitude.

VEHICLE ATTITUDES

As the vehicle s loaded, the ground ling will move
closer 10 the bogdy. The three ground lines or at
titudes shown here are;

1. Curb — no passergers, full fuds.

2. Full rated — tully loadged W the gross wehicle
weight (GVW).

3. Full jounce — fully compressed sUSpEnsion.
These are the three main attitudes used in the de-

sign process to check that the vehicle is meeting
all the neight and clearance reguirements.

TIRE SIZE

Most vehicles are offered with several wheel and
tire packages. This aften results in several differ-
ent tire diameters. If the suspension sysiem s nol
adjusted o each lirg, the vehcle's relationship o
the ground will vary,

AIDE HEIGHT

Vehicles with on-road and offroad pachkages will
usually have two or more suspension settings to
improve the venicle's performancs in its (intended
envinonment.
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KEY HARDOPOINTS

& primary function of an automotive studio engineer is to feeo the design team
with hardpoints, which are generated from the package. The views below ilus
trate the main hardpolnts that are required to start a clay or CAD model,

1. SILL & FLOOR HEIGHT Determined by the
ground clegrance, the rampover requirements of
the vehicle and the underhody structurs depth, The
lowest point of the vehile s often a chassis or
powertramn component,

2. FRONT WHEEL AND TIRE The front spindlc
height is determined by the statle load radius of
the tire. Longitudinally, the jounce-and-turn tire
emvalope will establish the distance of the front
spindle fram the driver’s foot. Itmay aiso be moved
turther torward to influence the weight distnbution
of the vehicle. Also, the oulput shaft location from
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the transmission will be a consideration for front-
wheel-drve {PWD) vehicles. The track 15 determined
by a combination of the distance between the front
structure frame ralls and the tire turn envelope.
Tire size will be imited by body Sire, suspension
components and the vehioie's turning clrole.

3. CHIN HEIGHT The chin should clear a 162mm-
high parking hlock. A 4A0* approach-anghe line
(when the vehicle is fully loaded) is recommended
for passenger cars. Above 28° |5 required for off-
road vehicles.

4. FRONT BUMPER LOCATION For passenger
cars. the bumper system height must cover the
“bumper band™ which is generally mandated ta be
from 406mm to 508mm above the ground. The
longitudinal location must pravide enough crush
space In front of the occupant's feet ta meet high
spead (A0mph) frontal impact requirements. Any
ohbject which will nat cempress on impact—Ii.e., the
engine, ransmission. steening rack, etc.—is added
te this dimension, The offset of the bumper in
pact surface 1o the body and lamps will depend an
the collision requirements and the manufacturing
cost limitatlons of the system. To mest low spesd



impact requirements, bompers with average cost
and welght will require about 50-70mm of offsat,
but it is warth benchmarking vehicles with smaller
offsets. For Eurgpean cars, the front fascia profile
shaould be shaped to meet pedestrian impac! safe-
ty requirements for that continent.

5. LEADING EDGE Llsually the cocling module
affects the height and horzontal location of this
point. Additional space is required lor the hood
latching structure.

6. HOOD PROFILE 'mfluenced &y the positon of
the engine induction system (manifalds, throttle
body, etcl. Recent European pedesinan head
impact legislation has increased (he required
hood clearance to hard companents. Toward the
outboard edges, suspension towers often affect
the hiood height.

7. COWL / WINDSHIELD TOUCH DOWN The cow!
height is imited by hardpoints generated from the
engine clearance emelope and driver visibifity. 4
downward vision angle of less than B* may be a
problem for shorter drivers. Longitudingl locations
arg centrolled by engine maintenance BCcess (8-
sues {forward) and proximity to controle (rearward)
If the windsheld is toco far from the drivers eye
point the A pillar may affect forward vision. An ag-
gresswe windshigld installation angle may result
in distorted vision (85° from the vertical is about
the maximum, guaranteed o avoid distortion wilh
current glass technotogy).

8. WINDSHIELD OPENING & HEADER Determimed
by the head to headliner refationship, header struc-
ture @nd head impact foam thickness. The upward
vision angle will help o set up the header location.
An upward vision angle less than 11° is considered
@ campromise

9. FRONT ROOF Should provide appropriate room
over the manikin's head form for head clearance.

trim and a sunroof i required. The roof should be
as low as passible to reduce weight, lower the can
tar of gravity and minimize frontal area to reduce
aerodynamic-drag.

10. REAR ROOF & sinwiar candition to the front
neadrogm s dasirable. Many vehicles however will
campramise rear headroam to allow for a lower or
faster roof line, This is comman in sports coupes
and in the third row of an SUY where occasional
seating is provided,

11. REAR HEADER Simifar 1o the front header
Hatchbacks will reguirg additional struciure in or
der to accommadate the maunting of the rear lift
gate hinges.

12. REAR CARGO Most veticles will have some
cargo storage: for some it 1§ a high priority. The
height of the cargo area is governed by the size of
the objects that are intended o be carried and the
larget sterage volumes, Rearward visibility will also
it the deck and bed heights

13. REAR BUMPER LOCATION Similar heght
guirgments (o the front oumper bul with agditicnal
consideration for load height variation which s
greater at the rear, Rear impact requirements influ-
ence the rearmard location of the bumper bheam.
The height of the fascia panel (bumper skin moldé
ing} will affect the lift over height for loading cargo.

14. BODY REAR LOWER (Departure angle). Can be
less than the approach angle. (207 for offroad ve
hicles), Often the lowest parts of the car behind the
rear wheels are the exbausl system and spare bire,

15. REAR SPINDLE The track and height are set
up @ similar way 1o the fronl. The longitudinal
lgwation is nommally as close to the rear gocupant
as the tire emvelope will allow. In the case of a
carga truck or minivan, weight distribution will be
a factor

16. ROOF RAIL SECTION The outer skin of the roof
rail is established by a stack up of several inter-
nally positioned components, while providing ad-
equate clearance (o the occupant head form. The
section through the rail will comprise the body-in-
white (BIW} structure, the door frame, head mpadt
protection, and trim. Additionaily, side curtain ar-
bags may be packaged. The type of doeor construag-
non usad will affect the size and shape af the roof
rail section.

17. SIDE GLASS Usually & radius. bul oocasion
ally fiat. The upper iocabon 13 sel up by the roof
rail design and location. The offsel to the roof rail
section depends on how it 15 constrained by the
door system, The lower paint at the belt line is po
sitioned to provide adequate shoulder room and
ensure that the glass will drop inside the door's
guter profile.

18. BELT-LINE LOCATION The heght and wicth
can be driven by the exterior design. b the re
lationship 10 the ocoupant shouid be 8 consider-
ation. The height relative 1o the occupants can be
checked against benchmark vehicles to ensure
that It i not (oo extreme, Adequate shoulder room
should be provided 1o the door inner panel.

19. BODY SIDE PROFILE Must he designed 1o al
low the glass surface to drop inside the door sec-
tion, missing all of the hardware and ¢hstructions
wittun the door assembiy.

20. WHEEL COVERAGE Muost vahicles will be de-
signed o meet European whee! covergge reguire
ments. This standard requires thatl the body work
covers the outboard edge of the firez in a rone
between a line 307 (from vertical) farward of the
spindie and S0° rearward.
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PACKAGE ORAWING AND VISUAL COMMUNICATION

The initial package is developed accurately in a 30 CAD system, but as It pro-
gresses It should be clearly communicated to everyone invalved in the project,
This can be done effectively in a 20 graphic format.

The drawing on the opposite page is an exampla of a lypical package [0ge board.
It comains details about the package and the functional objectives that are driv
ing it. Its goal is to descrbe the logie behind vehicle architecture so that the
gesiEn team can make good decisions to steer the project.
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The mam views are graphic representations of the architecture with all of the
major systems jllustrated and described in detail, The vehicle dimensions ara
also included ang benchmark comparisons to ether vehicles are drawn to help
put the concept into context, The benchmarks also prove out the feasiblity of
controversial propartions

A move detailed example of a package logic board 18 shawn on pages 216-217.
Baenchmarking s covered on pages B2-85.



SAMPLE CONCEPT PACKAGE LOGIC DRAWING

A Brief Description of the Cancept ERAND LODO

BEMTLEY CONTINEMTAL GT ASTON MARTIN DED = MERCEOES CLS PORGBCHE ROXSTER
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B0 CONSTRUCTIRN POWESTRAIMN -
DAIVER REAR CCUPANT : .': e o ALTERMATIVE ARCHITEG TURE
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DEBIGNER HAME E [ATE

EXTERIOA MENSIING INTEFRDR DSMENSHING TARGET BRECWFICATIONS

FUNCTINNAL OBECTIVES

Ve snm
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“Every vehichk must senve & purpose: otherwse an ane wadald by It
Therafone, market segments am set up by function, ang the vehici
stchitecture (s pragted 1o magt the functional nests of the custom
ers, manufacturers and the envirgnment, The archilecturad propon
Lons are st Lup by the systams’ilayout and the design follows,”

FUNCTION & MARKET SEGMENTS |



INTROOUCTION TO FUNCTIONAL OBJECTIVES

A design team is only given one chance to start a project. One of the biggest mis-
takes they can make |5 not to consider the functicnal objectives af their concepl
in enough depth early enough in the |ife of the project,

Every product must serve a purpose for ts customer and manufacturer. These
need 1o be thought thiough really well before the first line 15 drawn on the pack:
age or design, At first it may feel that focusing en this aspect of the process will
grind a project to a halt. but the truth 15 the functional objectives are E0iNg to
make each team member stop and think about what they are doing and appraach
the design with a fresh paerspective.

The best appmach is to start with all the right questions and not necessarily
the answers. Every so often the suto industry goes through & revolution, often
Brought about by advances in techrology, aconomic pressure, ecology or politicat
isSLES,

Threa main areas (shown cppes:te) nead o be considened whan selting oul the
ahjectives for the project: the customer, the manufacturer, and the marke! or en
vironmeant. These will drive tha basic architecture of the project. and technology
will make it work.

The customer will usually have spacial needs that the venicle should mest. Thesa
may be physical or emofional. The custamer demographics and lifestyle should
e ewamined very carefully, 1t will be difficult o understand why some elements
in the architecture are desirable to a certain customer. Classic examples of this
are pecple wha drive off-road vehicles but never go offroad. or buy a pickup truck
but never carry & load in the bed, There 15 otnviousty something aise aboul the
architecture that anraots these Duyers.,

The envirgnment or markel the customer lives in will have a great effect on the
design. which may be influenced by the climate, @rram, infrastructure, economy,
or legislation. This is significant because any given customer will need a different
vehicle depending on their gecgraphical location.
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Ideally, the manufacturer's limiting parameters should remain unnoticed by the
customer. The overwhelming fact remans that automobifes are very complicated
1o builg and require a massive myestment of capital, so taking care of business
will be a primary sonsideration for any successful designer. This often involves
working within a budget and timeline, developing a concept that is feasible for
marifacture and that fits Into a long range strategy.

The considerations described on the opposite page represant the factors that will
influence the design of & car or truck, Not all of these apply to every vehicle but
they should be thought aboutl befoe crossing them off the [ist.

Most specialist cars, by nature, perform well in one aspect at the expense of
another, Some functional chjectives can be polarizing leading to tension within
the design team, making it even maore important 10 be very clear about priarit|2-
ing them. |t each team member clearly understands the functional objectives,
difficult decisions will be easier 1o rationalize.

Interpreting this Information s fargely the responsibility of the studio engineers.
Their job is to understand the physical andg emotional needs of the customer, and
conwert them into architecture using the most apprapriate technoliogy. They also
have 1o understand the limitatons of the intended markels and the business
mogdel of the manufacturer. Finally, they have to be able 10 communicate 1his
clearly 1o the rest of the design team.



he lists below contains the key factors that should be consldered before the

furctional objectivas are s=t up

CUSTOMER FOCUSED ATTRIBUTES

cast « image * size * interior space * cargo volume * number of passengers ¢ economy * weight » handling » speed -« flexibility *
comfort « durability = off-road capability * trim level= security « calors « noise/vibration/harshshness [NVH) + emissions »
towing capacity * custamizing potential « loading capacity * aftermarket component availability = command-of-the-road seating =

easy ingress/egress * maneuverability * range ¢ sound = power * safety/crashworthiness * brand identity

MANUFACTURER'S CONSIDERATIONS
manufacturing capability *+ manufacturing costs » product lineup * platform sharing strategy « derivatives

production volumes + dealer network = marketing strategy * manpower = paint = available components & systems
warranty * AHD/LHO

MARKET FORCES
infrastructure » population density ¢ parking ¢ economy ¢ taxation * insurance ¢ ecology * culture * legislation
security * climate * consumer advocate groups » sales volumes * discrimination ¢ infotainment
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are analyzed, specifications and solutic should be listed to
help build the package. The package illustrations show how a few of the majar
giemenis are established around the functional
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MANUFACTURER'S CONSIDERATIONS
manufacture « manufacturing costs « ¢ platform sharing ® * production volumes ¢ dealer network *
marketing strategy * manpower * paint * availahle\cnmpunents & systems * warranty

3 /
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infrastructure « population density * economy < taxation * insurance * ecology * culture = ! * security ¢
climate ¢ consumer advocate groups .
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Mo vehicle Is evar designed in solation, so it s important to ook at ather ve-
hicles thalb il will compete against, or alongside which it will be sold.

The market positioning graphic on the opposite page can provide a clear illustra-
tion of how the new concepl stacks up against other products. |t also shows

where holes in the market exist

Each chart or graph can be sat up with polanizing attributes on each side. The ex-

ampla shows onsoad versus offroad venicles. The cars and SUVS are posilioned
from one extreme 1o anothar from top 1o bottom. From left 1o fght is economy vs.
prestige, so e vehicle can shide across the page accarding to 115 cost.

Other subjects can be pulled from the list of factors on p. 49 to make up several
charts, ensuring that the concept does not clash with other producis in the brand
partioho.
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VEHICLE POSITIONING GRAPHIC
This grap-‘hi-: I‘lrEIp5 1o visualize where the tl:lr'li:em falls within the manufacturer's

showroom. It can also be used o position the concept against the competition
and highlight areas of ocpportunity.

OFF-BOAD

White space shows an oppartunity
for a new unigue product.

ECONDMY PHRESTIGE

ON-ROAD
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INTROOULCTION TO VEHICLE SEGMENTS

At some point early in the design process. the concept will need to be classifieg
as & particular category of vehicle, for instance a car or a light truck or a com-
rvercial vehiche, This is because maost countries have specific legislation for each
vehicle category, which can affect design decisions. This legislation might range
from specifie design cnlena and taxation policies 10 use limiatiens and emis
signs standards. Fora variely of reasons, most governmments want to control the
types of wehicles that use their nation's infrastructura.

In addition, there are many other orgamizations that have vested intarests in clas-
sifying vehicles. Consumer groups need to test and compare cars and trucks and
orfganize their data. Insurance companies need 10 assess the risk for different
types of products. Local authonties may apply operating imits on certain bypes
of vehicles. The vehicle design can be affected by factors that range from crash
requirements and oversll dimensional limitations. 1o the number of wheels and

CARS

lignting specifications. Taxation classes are often determined by engine size and
pevwer output but may also be affected by overall size. value and the number of
wheels,

Use regulations are usually set up to permit vehicles with specific functions Lo ex-
cel in their duties. A good example s the offtoad vehicle, which LSA regulations
allow 1o be designed without the same bumper regulations that apply 1o cars.
This enables them to achieve good appreach and departure angles in extreme
¢ff-road conditions.

Meighborhood electnc vehicies are allowad to drive on the main roads without
passing 40mph crash regulations. This helps to reduce their size, weight and
cost, effectively reducing their fuel consumption and emissions.

MICRO CARS

ECONDMY CARS
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LUXURY CARS SPECIALTY CARS



Each country, and often region, sets out classifications to either promote or in-
hibit-certam types of transportation. In markets with high population density or
imited natural resources, the government wsually tnes to encourage the doving
of amaller vehicles by taxing larger cars and the fual thal they run an. In some
cases tax relunds are given for vehicles that are clean and ecalogically friendly.
it space is limited, then there might be incentives for driving vehicles under a
ceriain size.

The segmentation in this chapter 15 diviced by architecture, For example, econ-
oMy cars come in many sizes but they all share & comman philosophy, so their
architecture is usually guite similar. Luxury cars also come in 8 variety of sizes.
For example, a midsize lusury car will vsually have a different architecture than
a midsize economy car Therefore, the sight segments shown on the fallowing
pages are divided by clear architectural differences.

MINIVANS SuUvs

PICKUP TRUCKS

COMMERCIAL VANS
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MICRO CARS
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This iz the smallast type of passenger caf allowed to drive on all roads. Micro cars are usually designed to
meet specific dimensional and performance targets which allow them 1o fit & certaim ype of vehicle classifica-
tign. They are aflen designed for anly two ccoupants and with a minimum amount of cargo space. A small fun:
arthedex) powertrain package and small tirg envelopes also help to minimize the vahicla’s size and weight. The
body 15 designed for lightweight, lowcost, and mghvoiume production bul must sull meet all local government
impact regulations. They are usually configured with two comventionally hinged doors and a liftgate.

This group represents the largest share of the global passenger car market and is often referred Lo as the B,
C and D segment of vehicles, The objective is 1o provide inexpansive S-passenger-plus-cargo transportation, o
the packaging needs to he very efficient. Designers logk to achieve the langest interior space within the small-
est exteror box dimensions o minimize cost, weight and aeradynamic drag. The powertrain and suspension
syabams are opthmized for space efficiency, rather than performance. The body structures are designed to meet
very high production volumes and low-cost targels,



LUXURY CARS

Tnis segment is often referred to as the executive or E ¢lass. Interior space, refinement, speed, handling and
a prestigious appearance are high priorities. The powertram, occupant package and tire envelopes are usually
generous which result in large overall dimensions. The body is designed for high-quality and often highvolume
production, with attention to noise reduction through optimized aercdynamics and structural stiffness, The sus.
pension systems are uncompromised to ensure the handling and nde comfort are alse fully optimized.

SPORTS & SPECIALTY CARS

The main objectives for this segment are high performance and exotic design. Uncompromised powertrams,
body structures, suspension, tires, aerodynamics and a low center of gravity are priorities. The occugant e
virgnment is minimized and cargo space is generally compromised. Customers of extreme, high-performance
sporis-cars are usually affiuent enthusiasts, so high purchase price is not wusually an issue. This allows these
cars to be bullt by hand in low volumes.
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This is a relatively young segment, defined by a passengerariented package, usually for seven ar eight, They arg
designated as trucks in the US market due to their cargo-carrying capability, Powertrains need ta be large enough
to pull the vehicles when fully loaded but packaged to have a8 mimmum impact on the eccupant environment.
The unibady construction is designed for very high preduction and closures usually include shiding rear doors,
Suspensian syslems should be economical and efficiently packaged with the rear suspension designed for load
carmying and ride-negnt vanance. Typcally, the interior will hiave a fiat floor with the capability to reconfigure and
stow the seats. Additionally, the occupants will sit high for security and a commanding view of the road.

The sportutility segment has grown rapidly in recent years, offering the feeling of security. a strong image and
flexibility, while being able to accommodate 4 to 8 passengers. The majority of SUVs have langitudinal pow-
ertraing with 4WD and high ground clearance for offroad and bad weather driving. This is compleimented by
suspension systems with long travel, good articuiation and aggressive tires. The hody construction may be of
“body-onframe” type for targe SUVs which are usually derived from pickup trucks designed for serous off-road
duties. Soma SUVs are designed for road and light trall use only, which is reflected in their passenger-carlike
systems and typically unibody construction



Pickup trucks are used far both commercial and persenal applications. Their durable construction. powerful,
high-torque engmes and dWD are designed to carry and tow heavy loads in all types of envronments. Suspan-
sion systams mus! be able to support @ wide range of leading conditions and offer various ride-height options.
The body construction is traditionally body-on-frame and often is the basis for an SUV derivative, Trucks come
in nurmernous length configurations depending on cab and bed-size requirements.

Principally designed to provide economical cargo transportation for busipesses, the archilecture of these ve
hizles needs ta be very flexible to create a wide variety of derivatives. Usually, 8 unibody construction that ean
be adapted 10 include a strong framework for open-bed versions and a platform for coach builders. The hody
design should also facilitate dimensional variants with closures that are sized for loading standard-sized ob-
jects, Powertrains and suspension systems are designed for heavy |oad canmying with minimum Intrusion into

the canga space. The footprint of the vehicle should be kept as small as possibie to improve manauverability
in urban environments,
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*You only get one chance to start a project, so make sure to explore
every possibllity right away. Never start a praject with the answers -
Just questions.”

PACKAGE IDEATION |



INTRODUCTION TO PACKAGE IOEATION

The main objective for package ideation Is to sludy as many system configurs
tions as possible in a short pericd of time. The process Is similar to design
ideation where each concept 18 sketched out loosely on paper and evaiuated as
a cluster of ideas.

After setfing the functional ohjectives, there = a small window of appariumity in
{he product development process 10 be inndvative with the vehicle architecture,
This window often closes quickly due to project time constraints, so ideas need
{0 be free-flowing and clearly communicated.

It is easy to jump to conclusions and rely on paadigms that have been applied
an previous projects and walk backwards into the future. So make good use of
this phase of he project and don't hold back, once you're deepear infa a pragram
there may not be an opportunity to return o this phase. Don't worry if some of
the ideas are bad: whal appears o be a dumb ides during brainstorming can
often jead 1o the development of a really good one iater.

First look at the basic propartions (as shown en the opposite pagel and think
about what may drive tham.

Mext. configure some of the key elaments—ie., the occupants, cargo, tres and
powertrain—and look for opportunities. Look at the big chunks and see how they
can be reconfigured to work more effectively, The powertrain, for example, often
provides greal opporiunity for innovation and will greatly sffect the proportions. The
gccupant package and cargo storage 1s glso an area where there is great potential
for fresh thinking because they take up more space than the other elemants.

Afthough this phase requires a broed focus, do not totaily overiook small details.
Qften @ minor innovation may be the key to 8 successiul package.

62 | H-POINT

Look closely at tha functional objectives to select and place each element. Next
look at the hody structure. closures (doors, gates, hood & trunk) and breathing
aperfures io see hew these may affect the overall proportions and design. Also
look at ithe interior design possibilities. Seating and telematic concepts may have
a gregt impact on the averall architecture,

The example project an the following pages illustrate how you may go aboul this
process. The word picture created for this example 15 “An Aspirational Commuter
Car.” This statement communicates both the physical and emational aspecls of
the theme. 1| sums up the vehicle and customer in just @ few words, but also
creates an open brief,

Fom this heading, specific objectives or targets for the contept need 1o be de-
veloped, Look at the subjects on p. 49, Think about the three entities involved
in the product development: the customer, the manufaciurer and the market
emvironment. Choose several of these to help stear the design. Some of thesa
are simple, like top speed, fue! consumption, and the number of passengers.
Other factors like manufacturing strategies and intermational legislation will be
more complex subjects, hut should be given consideration. Try to think about how
each objective may affect the basic architecture. Reguirements for passengers,
ground clearance, a large engine, heavy cargo, and doors will have an impact
gven on a loose ideation sketch. Other (ess influential festures like Hghting. in-
struments and trim may be ignored at this time unlass there is a specific foous
orn these systems.

As & commuter vehicle it will probably be small, Inexpensive to buy and drive,
&asy 10 park, carmy only one, two or three peaple, and have limited cargo cepac-
ity. it may be sold all over the world and therefore be manufacturad in very high
volumes, To be aspimtional. the styiing will be important and performance may
need to be slepped up.



OPEN WHEEL - LOW. LONG LODSE EXTERIOR PROPORTION SKETCHES

Keap the sketches very simple; at this stage they are just to ook at basic pro-
portions. These three options look at various ways 10 approach the Aspirational
Commuter Car.

The low car will probably be performance arientad to make (L aspirational. Tha
short vehicka will be more practical and easier to park and maneuwern. The narow
concept will be able to cut through traffic and be very easy 1o park.

At this stape sel some size himitations based on the known emironmental re-
quirements. For example. to park sideways. the length of the short car will need
1o be similar to the width of a farge truck. To cut through tafhe, the ultra-narrow
concep! will nesd to be the width of a large motorcyole:

4000 mm

LLTRA-NARROW NARROW

Mﬁf‘f !

m P -F_-.""'“?

b 3A00mm —~——-330 mim —— e 400 mm ——
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PACKAGE IDEATION PROCESS

Sketch several layouls with the occupants, cargo, tires and poweartrain, At this stage,
don't inciude other elements in the package unless the design brief specifically re-
guires a foous on other areas. Also, da not worry too much abaul scale. Acouracy is
not important here, This will be addressed at the next phase of the process.

The rrain objestive e (o g8t as many deas down on paper, quickly, 50 that you
can think about how the exterior proporticns will be influenced by the major ele-
ments. For example, when thinking about the powertrain, just ook at whether it
15 large or small, al the front or the back, longitudinal ar transverse. electrs of
internal combustion, FWD or RWD.

Configure the package in as many different ways as possible and exhaust all of
the possibilities. Try o make sure ail of the ideas meet the functional abjertives
and targat specifications. Each sketch should only take 5 to 10 minutes to draw,
50 [t should be possibie to create many ideas in a short time period.
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Looking at the example concept sketches. the brief for this project didn't specify
how many passengers need to be cared, so the ideation work looks at fayouls
with one. two and three occupants, The study also looks at the different types of
passengers. Knowing that & commuter car will need 1o be small and inexpensive
the powertrain options are limited and only very efficient package configurations
are given consideration.

Don't underestimate the magic that comes from drawing out your ideas. In the
same way that a new design may develop as 1t s randered, sketchung out the
grchitectire will often foster new concepts that would never have been conceived
had they not Been part of the igeation progess. This is a problem for many engi-
neers who simply never sketeh their ideas on paper.

TARGET SPECIFICATIONS

Top Speed 75 mph

0-80mph 7 Seconds

Cost $9.000 - s12.000

Fuel Consumption B0mpQg or Equiv.

Range 40 - B0 miles

Safety S Star Crash
[IIHS & NCAP]
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Ag you waork through this pracess, continue research inta the major elemens of The cargo requirements should be set out in the functional objectves. if specific

the package. tems need (o be carmed, get the measurements and include these in the sketches,
Consider the seatling pasition far the ocoupants. Think about the number of pas if the wheel size or locations are (mportant, add informatian about diameters,
sengers, how they will relaig lo each olher, their onealation and approximate wheelbase. trach, elc,

location. Alsa, set up their height from the ground and posture. Make notes on

the drawing a8 you go. Loosely sketch a body profile over each pachage to look at the propartional dif-

farence between each study.
The powertrain specification should be estimated from the target performance
goals and aporoximate welght of the car. Also fook at which wheels will drive.

ONE PASSENGER TWO PASSENGERS |TANDEM]
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COMPOSITE MICRO-BODOY CONCEPT

Sketch the body structure, aperfures and closures. Look at various ways (o
open the doors and configure the body. Think about how the main load bearing
structural elements may be configured. Consider the materals and possible
manufacturing methads that may affect the package.
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FIVE-PIECE ULTRALIGHT BOOY CONCEPT

This i5 a graat time to look at unorthodox body structures and manufacturing pro-
cesses, These will hawve a dramatic effect on the packags and need to be thought
through befare iaying out the other components. Naticg in this example how the
suspension and powertrain influence or help the body design.
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“After the ideation process is complete, the overall dimensions and
proportions of the concept should be established. Getting the size
right is critical to ensure that the vehicle is as efficient as possible
and makes the right statement about its purpose.”

SIZE & PROPORTION |



INTRODUCTION TO SIZING & PROPORTIONS

Satting up the size and proportion of & vehicle can be approached it several ways.

Tha first appreach may be puraly emotional. You may have afready declded that
the concept will he large or small, high or low, have a short or a long hood. You
will be warking with & mindset thal the vehicle needs to be designed to lock a
cenain way for the ¢ustomer to accept it. If this is the case; the package can
often be designed undet the skin, hecause theme will be nothing revolutionary
about it. 1t is laking what we already know taday and simply refining L. This s a
case of the package being lead by the design,

Angther approach may e driven by a specific reguirement to meet dimensional
legistation or market segmentation. This combined with & challenging set of func
tional abjectives may reguire some innovatlve packaging o fit everything into a
limited envelopa,

The final methodolegy is to starl anly with the functional objectives. This involves
research into advanced technology 1o develop innovalive solutions before build-
ng the package around the cccupants and new kinds of componentry. The este-
nor proportigns can define the forms around this fresh architecture,

If some of the fupctional ebjectives for the vehicie are to fit into a small footprint
and e fuel efficient, then a fully optimized package will develop, If the customer
requirements call for a much larger vehicle with an emphasis on making a state
menl with its size, then the package can be refaxed 0 some areas.

The vehicle function & segments chapter gave an insight into some of the faciors
that set up the proportions. As always, the occupant package will have @ major in
fluence on the vehicle’s size but the powertrain and cargo are often the elements
that define the proportions of the main “boxes.” If & car is of the three-bos layoul
with 8 (ong hood, or long dash-to-axle relationship (front whee| set well forward of
the A pillar), there is a goed chance that it 15 a luxury car with a large engine.

There may not be a great deal of emphasis on larger cargo space, but room for
suitcases and golf clubs might be an important requirement,

A smaller. two-box hatchback will be a more efficlent and varsatile design with a
smaller engine, but larger carngo envitanment for carrying bulkier abjects.

So. proportions are dlways going to relate 1o the funchon af the vehicle. This may
be an obwvipus statenment but every time a new project Is kicked off, the design
team should fully investigate what opportunity there is for the architecture of the
viehicle 1o maks an exciting statement abaut it1s intendead function. Simikarly, the
designers can conseder haw new lechnelogy could be appiied and how that might
lead 10 a redistribution of the masses.

New advanced prapulsion systems, for sxample, are very different in their size,
proportion and arrangemant to conventional internal combustion engines, S0 a
concept that employs an electnic powertrain should nol ook the same as one
with a conventional internal combustion engine.

The three sports cars shown below may have similar objectives but look totally
different because their engings are in different locations. Parformance cars vary
a great deal in appearance for this regson.

The left car has a large mid-front enging which creates a leng hood, pushing the
driver towards the rear of the wheelbase.

The middle car is a midsgar enging layout with the mansaxke behind the engine. This
package creales a longder rear end, pushing the rear wheel away from the diver.

The right car has a réar-mounted enging which reguires a lot of mass bahind the
rear wheels but does allow a small armount of roam for rear passengers.

MID-FRONT ENGINE
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MID-REAR ENGINE

HEAR ENGINE



PROPORTIONS & BODY TYPES

The sideview propartions of the bady are influenced by the occupants, cargo and

powertrain packages. Additionally, the ground clearance, crash systems and aero-
dynamics will affect the profile. All of these. in tum, are driven by the functional ob-

jectives. Below are some lypical examples of vanous body types and groportions.

(d @ oG o3

ONE BOX TWO BOX THAEE BOX
(FWD HATCHBAECK| IRWD SEDANI

R Nl

LIMBUSINE WAGON

|IRWDOI
COUPE FAST BACK

GO O

MIO-ENGINE SUPERCAR ROADOSTER
fl
Suv PICKUP TRUCK

G G

MINIVAN COMMERCIAL VAN

SIZING THE CONCEPT

After the initial ideation phase. the next step s 1o determine the size of the
vehicle. The ane consistent component 0 each package is the scale of the oc-
cupants, so the scale of the concept can be set up argund the driver and passen
gers. Benchmarking existing known vehicles will help perform this task

Motlce the exterior shape has not changed but the vehicles are different sizes.
Using the occupants as the basis for scaling, the size can be adjusted to §t com-
fartably arourd tham.

MINIVAN



VEHICLE CLASSIFICATION BY SIZE

Often the size of a vehicle will put it into a category or market segment. Unfortu-
nately, there is a lot of ambiguity in this area. This can be seen in the matrix on
the opposite page, which may appear somewhat confusing.

Siee |s relative, so if you are working on a small car in Europe or Japan it will be
much smaller than a small car in the USA. The type of vehicle will also maks a
difference. A small trugk, for example, will be much longer than a small car, van
or SUY, The market's wew of size is constantly changing. MNotice {on the opposite
page} the siza of the orginal Minl & Fiat 500 is much smaller than the current
models. Cars have grown considerably in recent years In both size and weight.

in some markets, legislation will set a mixture of dimensional, functional, waight
ar power-output division lines. Thase are usually there to help reduce vehicle size
in regions with a dense population ar for economical and environmental reasons.
Because some vehicles need to be configured a certain way to perform their
intended function, they will be exempt from some Hmitations. Some divisions
are mandated and strictly enforced, others are encouraged with tax incentives
ar penalties. Countries with poor economies, limited oll resources and/ar high
population densitles. will have stricter limitatlons.
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In the USA. personal vehicles have a gross vehicle weight (GVW) of less than
500 lbs. Commercial (class A or B) trucks require special licenses 1o drive
them. The main division for nancommercial vehicles is between passenger cars
and fight trucks. Passenger cars have to meet stricter fuel consumption limits
and their bumper design is govemed by low-speed mpact requirements. To be
classified as a truck, the vehicle has to be either primarily designed o carry
cargo, carry 9 orf more people benind the driver, have an epen bed or be designed
for aff-road use. Much of this criteria is apen to interpretation, allowing some
vehicles to be classified in ether category.

S0 before starting the progect, try to undarstand the cbjectives from the custom-
er, brand and environmeantal perspective. Look at the size af competitive vehicles
and the cars and trucks in the showreom of the brand, Check all local legislation
and think about how the environment and climate may affect the vehicle's archi-
tecture and classification.
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Fraont Impact Structure &
Powertrain

The size and orientation of the engine will
significantly affect the proportion of the

front end. Free crush space far frontal im-

pact is reguired ground the powertrain and
chassis components to help meet frontal
fmpact requiremeants,

EXTERIOR LONGITUDINAL PROPORTIONS

Driver
Package

The space occupied by the
drvar's lowet limbs is deter-
mined Dy the chair height.
A increase of chair height
will shorten the horizontal
lgngth between the feet and
the hips.

Overall Length Targets & Limitations
The maximum overall length may be 8 project goal established o ensure the vehicle fils into a particular market
segment. Additionally, street/garage parking and maneuverability are also limiting factors. Accommodating a
specific spindle location/wheelbase and cverhang may also affect the overall length (OAL). Excesswe length
will add cost and waignt and limi performance.
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Rear Occupant
Package

The distance between the
front and rear cccupanis
lcouple; wil directly affect
the vehicle length, which s
why the rear passengers
=uffer the mast in smaller
Cars.

Rear Impact Structure & Cargo
Space

This space is mainly used to accommodate
cargo. the spare tire and fuel tank. Protect
ing the rear occupants and fuel from rear
impact will also influence this dimensian,




FWD
The front overhang and
spindle is set up by the

The three-box passenger car with a fromt engine
ion p. 78} is guite stralghtforward in its break up,
Other vehicles will have a similar set of reguire

The wheelbase is set up effi-
ciently around the passenger

drivgshaft locaton, oaan; ments goveming the length of each chunk of the
package. but may end up with different proportions

Bed length is determined by becguse they have different functions.

function. They range from 850

o 2500mm. Spindle locations are sel by several different fac-
AWDO tors. Often the wheel center is slaved to a drive-
The frant wheel is set for- s_haft location, so the driven wheel s usually placed
ward to improve approach The rear wheal lacation (s set first. The owher spindie o axle may be located by
angie and minimize the ciose 1o the middie of the bed the need for an efficient, short package or for optl
effects of a heavy load for ideal load distribution ang mum weight distribution.
on he steering. FAME ver

Rear cargo bay length (s de-
tarminad by functional
reguirements.

The rear wheel location Is
set behind the side lopad
door which iz designed to al
low specific items L0 pass
through, whieh are uscally
over 1000mm.

BWD / FWD
The front whesl is set
forward to allow the

driver to be located in
a forward location. |

The engine transmission fuel
tank and crush space are all
located behind the drver,

AWD

The front wheel is
positioned to establish
perfect weight distribution. -

The rear wheel is lined up with
the driveshaft locatian.
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EXTERIOR LATERAL PROPDRTIONS

Track & Tire Profile Width
A wide track will help to stabilize the
yehicle and reduce roll. The track and
tire width will often estahiish the over-
all vehicle width for high pedormance
cars where comenng, acceleration and
braking are critical,
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Shoulder Aoom

Measured between the door trim paneis, this dimension is
part of the eguation 1o calculate interior volume, The main
ocbjectives are 10 maintain a comfertable relationship ta the
occupants and help reach interior volume targets.

Lateral Dccupant Lacation
Often influerced by the overall width limitations, the ocou-
pants may also be pushed outhoard by the powerlrain or
interior functional requiremeants.

Ooor Construction
The bodyside profile, side (drop) glass and door constric-
ticn, added to the shoulderroam dimension, will ususlly set
up the widest point of the body.

Overall Width

The width is the most contralled of the three dimensions
and is usually govermed Dy various authorities Lo ensure that
each vehicle can function In its intended environment., Also,
the width affects the frontal area of the car, which directly
influences the asrodynamic drag.



EXTERIOA VERTICAL PROPORTIONS

HEADLINEA & ROOF SYSTEMS

Space is required to accommaodate (rim and various
raonf systems such as sunrcofs and mof racks,

EFFECTIVE HEADRDOM
The distance batween the
seat and the headlingr 15
determinad by head clear
ance requiremnents  and
spatial expectations.

-

' UNDERBOOY STRUCTURE
Frowides space for an approprale siruciurg.
Heavy-duty vehicles may require a sepamate
frame systern. Most unibody cars will require an
integrated rall system under the drver’s feet,

OVERALL HEIGHT

The vehicle's handling, aerodynamics,
ground-clearance neads and occupant
camfort all have ta bae considered when
determining the overall height. Garage
and underground garking access can
limit the maximum height for vehicles
such as SLUVs and minivans.

CHAIR HEIGHT —

Lowering the chair height will balp 1o lower
tha centar of gravity and minimize the frontal
area to reduce drag. Minivans & SUVs utilize
a higher seating posture to provide comimand-
oftne-road seating positions,

GROUND CLEARANCE

Offroad vehicles require high ground and
"ramp aver” clearances to avord boltoming
out on rough 1erain, Sports cars will have
minimal ground clearance o lower their
canter of gravity and improve asrodynamic
pefformance.
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KEY DIMENSIONS WIDTH " Length A

™ The maximum width

These key dimensions ang used to set up and communicate the size and atiri- of the Dody (exciuding Width

nutes of the package. Developing concepts are under continuous scrutiny and mirrors) often mea- .

these measdrements halp to keep the design team Informed. Additional dimen- sured at the B pillar Height
sinns may need 10 be added depending on the type of vehicle and its functional Wheelbase
objectives. An off-mad truck, for example, may need to record graund clearance |

and bed length. Front Track

Aear Track
Front Overhang
Rear Overhang
Tire Size .

Tire 0.0.

FRONT 6 REAR TRACK
The distance betwesn the lire
profile centars at the ground line.

HEIGHT
From the curty ground to the

nighast print of the vehicle
including the rood rack,

)

TIRE SIZE 6 TIRE OUTSICE DIAMETER (0.0.)

Tires are specifed by their profile width, height and the
wheel diameter. These dimensions are also combined
1o produce the tire outside diameter. —.

FRONT OVERHANEG
Measured from the fromt
spindle 1o the most farward WHEELBASE
surface of the body, ——— — s o -Thi distance between the front & rear spindies. -‘-I-.-—-- - AEAR OVERHANG
Measured from the rear spindie to tha
OVEBALL LENGTH muast rearward swface of the body,

From bumper to bumper, {the sum of the wheslhase & overbangs).- -
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Front Headroom

Front Shoulder Room
Uriver Lateral Location
Farward Up Angle
Forward Down Angle
Coupte

Rear Headroom

RAear Shoulder Roam

i Y,
SHOULOER AQOM
EFFECTIVE HEADROGM Distance across the intenor

Measured fram H-point to 1he headlineralong — trim, 25@mm above the H- —=
an 37 line {from vertical}, plus 102mm, —4—— points,

FOARWARD
VISION ANGLES
Measured 1angent
to the eye allipse,
o the cowl or
header trim.

OCCUPANTS LATERAL LOCATION
Horizontal distance between  From the centerline af vehicle o the
the front & rear H-points. centerline of the manikin,
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BENCHMARKING

Berchmarking is the most empowening packaging tool & designer can use. It pro-
vides the key building blocks to set up the praportions quickly and with confidence.

After the functional ehjectives have been established, start to research existing
vahicles with simitar attributes. If the intended markel segment 5 mature, this
should be a stralghtforward process. If the concept is reaching inte new and un-
known areas, benchmarking will require more thadght and creativity.

The illustrations on pages B4-85 show a simple benchmarking study, where
severa| products have been selécted for comparison and are superimposed with
the basic package of the new conceptl, Although this looks quite primitive, a great
deal gan be learned from this simple study. Because an existing car or truck is
the result of a huge amount of research and development, barchmarking serves
ta provide a sound foundation to lsunch a new concept siudy. as long as the
design team daesn't just follow the same paradigms.

Before starling the study, it is a good ided to examing a comparison vehicle and
upnderstand jts design philosophy. Get to know the vehicle as intimately as pos-
sibie by reading varous consumer reports and test dnving if possible. After this,
elements of the package can be dissected and used where they make sense.

Break up each package according to the information on pages 76-792. Giving
separate consideration to key elements thal make up the overall dimensions.

Ultimately, you will need several benchmark studies to prove the new concept.
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The overall dimensions, the occupant package, the powertrain package, crash-
warthiness, cargo storage and any other innovative features incarporated into the
design can be valhidated by demonstrating their similarity to other vehicles.

Ling up each comparison according to the story it tells, For exarmple, if headroom
is the focus, line up the occcupant’s heads to each comparison vahicle, I it is the
H-paint ta ground dimension, ling up the ground ines of the vehicles.

Add the relevant dimensions 10 each study to add a higher level of accuracy to
the comparison.

It is always advantageous to have access to a database of packages, Most
companies will gither buy these from organizations who specialize n vahlcle mea-
surement or they measure competitve vehicles and maintain their own database
of package drawings.

For basic benchmark studies. each package should contain the vohicle outling,
tire G0, {outside diameten), spindles. occupants, h-points ang heel location.
These should be drawn in side and front views. A full set of dimensions is alse
wery helpful

Thene are rany online resources which provide valuable Information. The man-
ufacturers’ websites have all ther vehicle specifications and measuréments.
Websites fike www autos msn.com have tons of information and can create di-
mensicnal comparisans quickly. This information can be cross-referenced with
vehicle-safely information from www.euroncap.com, www,safercargov or www.
=afecarguide.cam,



A GAAPHIC PACKAGE DATABASE
The database should contain packages which contain the outlings, tires, and gooupanis drawn (0 side views and rear views:
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BENCHMARK STUDIES

The example shown here is an offroad sports truck concept with a V12 engine.
The five comparisons shown below demonstrate how elements of several differ
ant vehicles can be used to build and communicate the new concept.

To sel up the hasic package for @ concept, several comparisons are usually
necsssary, Each comparnsan will kelp the design team urderstand the varous
features and atinbutes of the architecture, The compansons baelow show the
fotiowing:

1. Ground clearance, wheelbasas and driver heel height.

2. Drver posture, head environment and windshield location.

3. Engine/ Transmission ervelope,

4. Cargo storage.

5. Overall dimensions.,

|. The concept has the same wheelbase and 2. The cccupant has & similar posturg and re-

After developing the concepl o this level, starl W0 consider other large elements
in the package, such as the fuel 1ank. spare tirg, and stowing seats, Do not gat
too hung up on these components but respect the space they will occupy. As
the project moves forward, an engineering team will become more invelved and
adjust he package accordingly. The main goal is to translate the emotion of the
skewn into a rational model,

Vi2 OFF-ROAD SPORTS TRUCK - 10EATION SKETCH

3. The DBY has a similar V12 enging. This front

ground clearance as the Range Rover so it
should have a similar off-road capabitity. The
driver's heel is also a similar keight, provid-
ing room for a strong and durable underbody
structure sultable for off-road use,

lationship @ the 911 interior gnvironment—
i.e_, the roof and windshield. Note: The pack-
ages are lined up at the driver H-Point.

end comparison shows & similar hood pro-
file and front end to driver's foot relationship.
prowving the engine should fil. Note; The pack-
ages are |ingd up at the drver's ball of foot.

RANGE ROVER SPOAT

{Similar whealbase & ground clearancea)
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FOARSCHE il
{Similar head emvironment & driver posture)

ASTON MARTIN DB3

(Similar engine size & location)



BASIC FACKAGE DRTHOGRAPHIC DRAWING

This initial package may look primitive but it is enough to starnt 8 scale model with confidance. Most of the
main siab surfaces—I.e., the side giass, body side, hood, roof and windshield—can be blocked in from these
side- and end-view prolifes. The package will become more compiex as the model develops. bul should be kept
vary simple ot the start.

4. The concept will have a similar bed =ize as the 5, Although the new concept is a different type of vehicle
Hummer HL. Notg: the packages dre lined up than the leep, the overall dimensions are similarn, helping
at the accupant’s shoulder. to communicate the size. The ocoupants' lateral location

(the transmission will pass between them) and the tracks
are also similar. Note: the packages are lined up at the
ground and bumpers.

HUMMER HI JEEP GRAND CHERGKEE

[Similar bed size) (Simifar overall lergth and width)






“Without question, the most critical elements in every vehicle pack-
age are the occupants. If you get the occupant positions and postures
wrong, the entire architecture may need to be redesigned. Because
the manikin geometries are constant and represent the customers,
the vehicle bodies are scaled around them.”

OCCUPANT PACKAGING |




OCCUPANT MANIKIN INTROOUCTION

Il cannot be overemphasized how critical the driver and passenger packaging is
to the overall architecture, The cccupants directly or indirectly influence every
aspect of the vehicle's design,

It |s often sald that cars and trucks should be desigred from the inside out. This
reters more 1o the ococupant package than the interior systems.

The main objective is to set up the driver and passengers to be comfortable and
sdfe, then create an envelope around them and use key reference data within
thew geometries to set up the rest of the vehicle package.

The most important reference point In the package |s the driver’s fip (H) point.
This |s also referred to as the Sealng Reference Point (SERP). Almost every ele-
ment of the package will he influenced by ts location and if modified. the effects
may be seen throughout the vehicle.

Each car company will use several manikins that suit their purpose. One of the
mast popular oocupant packaging tools is the SAE 95th percentile male marikin,
which s ideal for setting up the initial interior space. ensuring that the vast major
ity of the glohal population will fit into the package envelope.

95th percentile male |US| standing height

The SAE has woarked with various groups to establish anthropomorghic (size,
proportion and movement) data which represent the volumes oocupied by driv
ers and passengers as they sit and operate vehicles. The results of this data
have been comverted info sets of geometry that represents the stature of a 95th
percentie US male (97.5% of the total US population, including Temales) sitting
In & car seal.

This geometry can be used to set up the interior systems, locate comrals, com-
plete vision studies, position the powertram, establish the wheel/tire package
and even place the bumper beams,

The limos, torso and head of the papuiation sample are measured indoadudlly to
create @ manikin that s built from 96th percentife male parts. The sitting manikin
can be utilized in two hales, from the H-paint to the feet (Io establish leg room)
and from the H-point to the head (to set up the head ermvironment}.

After the initial package hias been Bullt, other smaller manikins {5th percentile
fernale and 50th male) are used to ensure thal smaller people will be able to
drive in comfort and safety.

Fopulation Sample
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Upper Body

H-Point of 5gRP —
IHip Point or Seating Aeference Point|
The most important reference datum in the package.
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THE ANATOMY OF THE SAE [JB26) 35th PERCENTILE MALE ORIVER MANIKIN

H-POINT (HIP POINT) or SgRF (SEATING REFERENCE POINT)

The man refarence point for the occupants and one of the majar datum pomts for
the vehicle package. Often referred to as the “Seating Reference Point™ (SgRP or
R-point in Europe], It is always (ecated an the comfort (accommodaiion) curve.

ACCOMMODATION CURVE (SAE J1516-151T)
Tnls curve maintains the cormect relationship between the Hpoint and foo! to en-
sure a comfortable posture for the driver's leps while aperating the foot pedals.

ACCELERATOR HEEL POINT
The heelpoint location is often referenced to define the fioor and step-in height.

BALL OF FCOT POINT
Located on the acceterator plane. & main reference poim for frontal impact crush
Space measurement.

ACCELERATOR FOOT PLANE
Thes plane rotates about the ankle plvot and |s usually locked at BY® to the shin
centerine.

TORSO LINE
Cafines the back angle mclination,

95th EYE ELLIPSE (J941)

The 95th eye elipcoid represents a thresdimensional volurme within which 95
percent of driver's ayes will be contained. Its localion ramains constant to the
head contour.
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95th PERCENTILE HEAD CONTQURS {SAE 1052)

The nead contours are defined by three-dimensional surfaces and represent the
areas within which the 95th percentile occupant heads are contained. They incar-
porate seat-track trave!l and head mavement, The position of the head contour is
determined by the H-paint and back angle.

VISION ANGLES

The upper and lower yision angle hnes are constructed tangantially 1o the 95th
percentile eye aillpse and fouch the first elements in frant of the driver which
goscure upward and downward vision, These are mstrumental in the set up of
the windshield aperiure.

EFFECTIVE HEADROOM POINT (SAE 31100)

The infersection of the headliner tim and a line 8% from vertical, through the
H-point. These are used to set up hard points on the roof suface above the
headiiner trim or sunroof,

LOWER LIMBS

The leg geometry consists of the shin and thigh centerlines, which are constrained
by the ankle pivot and the H-point. Their configuration is automatcally updated
as the H-paint to heel relationship is changed. The thigh centerling is used to set
up the steering wheel location and the shin determings the knee-blocker surface
on the Instrumeant panal.



95th percentile eye ellipse ——

dogwnward vision ange

thigh centerline —

shin centerline

ball of foot
plane

-— ankle pivot

ball of

foot paoint acceleratar heel plane

accelerator heel paint

The heght vanation imited by the accommodation curve only applies to passen-
ger cars and light trucks, Other venicles such as golf carts, NEVs, and delivery
trucks, which are designed for easy ingress/egress and short-distance driving,
may reguire a taller seating posture. In lhese cases the H-point-to-heel vertical
dimension mey be as high as 530min, This also often applies to Class B vehicles
(heavy tfrucks) which usually have 150mm of vertical seat travel to accommodate
shorter drivers, Seat adiustment in passenger cars is mostly horizontal,

_ B line

effective headroom
paint

95th percentile
head contour

— torso line
|back angle]

— H-point [5gAPI

35th percentile
accommodation curve

nccupant
centerline
lateral locationj

.- 95th percentile
head contaur

H-Point |SgRF|
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SETTING UP THE DRIVER HEIGHT & POSTURE

Thie driver's heignt and posture are governed by several factors, namely; center of
gravity, aerodynamics, ingress/egress, comfort and visibllity, The vehigig height
should be established by a combination of these factars. The graphic on the fol-
lowing page shows how the driver height and posture varies with the functionality
of each venicle type. The dimensions provide an approxmate mnge to help set
up the driver in a traditional package.

SETTING UP THE REAR OCCUPANTS

The "couple” dimension is csed exlensively n e
thea initial package process to gauge the amount

of leg and knee roam the rear occupant has. This

15 d horzomtal measurg between the H poinis.
Later in the process, when the gackage |s more
mature, sgecific measurements for knee and leg
rOOMm are recorded,

For crossover vehicles. think about combining the attributes. For example a sparty
off-road wehicke may have a high heel point for ground clearance and structurs,
but may need a low chair height 1o keep the roof heignt as low as possible. If the
engine is In the rear, forward visibility over the hood won't be a problem.

-

- The head form envelope does not include s=at track travel
unless the seats slide fore and aft,

“Theater” seating elevates the
rear occupant o improve yisibility
gver the driver,

Mote the posture of the lower limbs are quite different
to the driver. These are nol constramed by the SAE
accommadation curve.

Because the rear occupants do not control the vehicle, their leg posture is not
conmtrolled by the sccommodation curve, Notice low the knee angla is guite differ-
ent to the driver and their feet are fat on the floan Second, the demographics for
the rear Gcoupants may be different to the front occupants. They may be children
or people who are shorter in stature to the drver, so headroom, for example, may
be less,
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Lastly, the function of the rear compartment will often be guite different to the
front, s space may be needed for reclining passengers, swiveling or stowing
saats, viden monitar viewing, e1¢. These will all affect the spacial reguirements
and H pont location. Other factors to consider are: roof height fuel tank size.
rear cargo, three across seating, rear suspension and rear tire requirements,



VARIOUS DRIVER HEIGHTS FROM GROUND AND POSTURES

e ™y
H-Point o Grawnd 200 - 350~ A0 - S0 T - 750 FO0 - 800 FO0 - 350
Chair Height 135- 180 200 - 250 300 - 350 300 - 350 300 - 350
Effoctive. Headrogm 50 - 950 B70- 1000 93 . 1010 1010 - 1020 1010 . 1020
Back Angle 28" . 30¢ 2. 25 22 - 24 20=. 24" Pl
f' e
[ 37
I\
Effective Huﬂrwn’} )
(add 102mm) |
/
—~d_/
Ve Y
b
Chair Helght|
i |
H-Point to Grownd|
L
\— GROLMD LINE 1

SPORTS CARS

The drvar heignt is kept as low
as possible to lawer the center
of gravity and reduce drag, Get-
ting in and oul of the car may be
difficult but that is a compromise
gports car owners will accept.

PASSENGER CAHRS

Most passenger car H-points
are el up for a comhbination
of easy Ingress/egress and
low center of gravity. Although
not as extrerme as most spors
cars, they are refatively low.

* Al measyrements in millimeters unless otherwise noted.

MINIVANS

Usually set up quitg nigh tw
pravide a sense of security
and good wvisibility. The tall
chair height also helps Lo cre-
ate an efficient package and
provides excellent  Ingress
and egress.

SUvVs

A combination of high grownd
clearance and a durablo un-
derbody structure push the
hegl height up. The chair
height is also tall to help the
driver see over the engine,
which 5 wsually mounted
hlgh above the front axle.

LARGE OFF-ROAD TRUCKS
Similar to SUVs, Ilhe occupants
often =it very high because of the
ground clearance and the saparale
frame that the body sits on. Be-
cause the engines are usually very
large and mounted high, the drivers
eve poink may end up i a very fgh
position,
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OCCUPANT ENVIARDONMENT DIMENSIONS

Below s &n illustration of the major dimensions that sst up the interior environment
around the occupant package. These are part of the SAE J1100 measurerment
index, Using the same measurement syslem for eyery project ensures that therg
is no confusion and the package database remains consistant.

Las . - L50-} - - L38

' s

Heel to ground

Far stearing wheel set up. see p. I02.
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APPROXIMATE REFERENCE DIMENSIONS

The table below contains some examples of dimensions taken from current pro-
duction cars. Use these 1o set up an initial package, assuming thal the criterla
that has driven these numbers 8 samilar 1o your concept. As the design develops

and key elements in the package evolve, these may change.

CARS

TRUCKS

As you work through the process, develop an undersianding of the factors that
govern these (ntanor envirgnmaent dimensions.

DAIVER & FRONT PASSENGER

REAR OCCUPANTS

Hoel to Chalr H polrt Back Effoective | Upward | Downwd | Showldar  Hip F.‘oon-; Latoraf Coupis Chair Back Effective  Showlder Hip Lmtprml
Ground Helght  to ground | Angia Head Vislor Visior Room Locatlon Halght Angle Fead Fragam Roeam | Location
Room Angle Angla Room

(Ref) H30 H5 Ad0  H61  A60 AG1 I| w3 | w5 w2o L50 | H30-2 A40-2 . H61-2 | W32 W52 w202
NEV 325 400 738 %0 | 1075 | 1106 | 100 775 ' .
SPORTS CAR 175 150 325 2B.0 450 a.0 5.0 . 1350 | 1275 l325;-‘«=|'ﬁ1: - - -
MICRO CAR 350 275 625 210 | 1000 | 140 | 110 1200 | LI5S0 | 300 S
SMALL ELECTRIC CAR 450 250 o 24.0 975 15.0 9.0 1325 | 1325 350 7540 275 26.0 950 1325 | 1325 3235
SMALL CAR 225 | _z_:u_l_ 475 - 24.0 875 150 7.0 1350 | 2325 | 350 750 | 27 2Zr.o | 950 1350 1325 328
r;rlEDtUM CAR 250 250 800 | 240 | AFs 140  r0 1475 | 1400 | 350 | 850 | 275 | 270 | 950 1475 | 1400 | 325
MEDIUM COUPE 250 175 425 24.0 550 13.0 5.0 1375 | 1325 350 Ta0 200 | 27.0 . 875 1375 | 1338 | 325
LARGE CAR 275 250 525 240 973 40 60d 15:}{1- 1450 | 375 s00 | 275 | 270 | 975 IS0 | 1450 | 400

_LARGEExun_van 275 _.!5 ! 5541 | 220 975 I;Ll i ;r; _i _15_5[3_' 1500 400 975 | 300 | 280 | 975 1550 | 1450 | 375

MINIVAN 425 =L 775 200 . 10310 _ 19.G 1£<] 1575 | 15325 425 850 375 22.0 ___TGC'-'J [ 1575 | 1525 7-ICC' 2
SMALL SUV 400 350 75 220 | 1010 150 | 84 1426 1a00 400 B0 376 | 240 | 1000 | 1435 | 1375 | 375
MEDIUM SUY 450 I TEl 20 1610 | 14,0 6.0 1500 1450 AGO B25 325 24.0 1O I500 | 1450 | 425
LARGE SUV 450 325 775 220 | 1025 | 140 7.0 1650 1600 475 ars 350 24.0 | 1025 : 1650 | 1600 | 376
SMALL TRUCK 400 0 oo 220 | 1010 | 140 7.0 1475 | 1450 | 375 625 | 328 180 | 950 476 | 1425 | 400
LARGE 4x4 TRUCK 630 350 BE3 22.0 | 1025 150 | BO 1700 | 1650 | 475 g50 | ave | 180 | 2005 | aro0 | 1850 | 475
COMMERCIAL VAN 725 350 | 1075 | 220 | 1010 | 100 | 100 1675 | 1625 | 525 o0 | 425 18.0 | 1000 | 1678 1625 500
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The irternar compenents can be divded Into about seven systems, shown an the
opposite page. These are typically developed and manufactured by various sup
pliers who work with the major auto companies from the beginning of the design
process. They will often be delivered to the assemboly line complete and ready
to install,

The interior design an most praects will follow the extenar. There are exceptions,
particularly if the vehicle interior has special features which will affect the overall
package, such @s rotating or stowing seat systems or special cargo needs. These
will drive the initigl package together with the ¢ocupants, oreating hard points to
work around,
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An important concent to understand is that the interlor mis? he safe, so each
component is designed (o reduce injury to the ococupanis during a collision.

Soime parts contain the active and passive safety systems, such as the air bags,
seal belts and knee blockers. They can be attached directly to the vehicle struc
tura 1o aid ther function.

Other tems, such as the headrests and roof linings are designed to prevent head
and neck injures as well as trauma, in the event of severe impacts.



Trim

The tnim features extern- H\_

slvely in eary package
sthudies because it 15 de

signed to reduce head trau-

ma if the ccoupanis strike \
the upper bady structure dur-
ing an impact or roliover, As
the roof rail, piliar and header
sections are developed, they ak
ways intlude the tnm. The door
trims are set up relative to the
cccupant's Hpoint to establish the

Controls. instruments & Switchess ——

The steering whesl, shifter, hand brake and turn-signal
stalks all have to be located where the driver can
use them effectively and also allow easy ingress/
egress. Some of these pnmary controls may be set
up with the initial package if they influence other
key systams, The instrument cluster Is usually
seen through the steering wheel, so accurate
vision studies are crucial, The illuminated
screen should alse be shrouded from reflect-
y ing in the windshield Dy the cluster brow,
Other switches and controls will neead to
be lecatad within reach of the drver and

armrest height, the lozation of door framt passenger.

for power windows and locks,

release levers and various switches \

Seats & Seat Belts

The seats are designed arsund
the occcupants’ package oo
tion and posture. They occupy
a large volume and agjustment
ranges have to be factored
into the location of adjacent
companents.  Special  seal
systems that rotate of Stow
will reguire studies at the ink
tial stage. The front seal belts
will normally be attached to
{he B piliar. In some vehicles
there Is no B pillar and the
pelts are attached directly o
the lower body structure and/
or the seat structure. Attach:
Ing belt anchors to seats adds
considerable stress |lpads (o
the seal structure.

Carpet
The carpet does not Influgnce the package too
much other than raising the heel points. Luxury
cars may have a (ot of sound msulation which can
stack up to become significant to the packaging
af the heel point,

!

J

- The Instrument Panel |I.P.] & Consoles

Generally, the [P will not influence the exterior propor-
tions of the car, so its design can follow the exterior Homw-
evar, many of the key components are directly related to
the driver location and posture to provide reach, visioility
and safety. If the cccupant package changes, it will tear
up the |.F and console design, This is one reason wiy
the interior design is not started wntil the exterior devel-
ppmeant is quite advanced. Overhead consoles will neip
redistribute some components and free up “real gstate”
on tne |.B but their size is often limited by the sunroof,

e Telematics

The telematics may hiave a dramatic effect
an the layout of the vehicle package. For
SO cars 11 may just be a8 navigation screen
and an mp3 dock. but others may have a
507 flat screen TV with a full home theater
systerm. This was not possible a few years
ago, so new technology may redefine what a
vahicle represents 1o e MAass mariet.

Heating, venuiation and ar conditioning systeams are
clearly visible in all cars because of the air distnbution
venl and controls. What are hidden are the modules
that heat and cool the airand pump L through the cab-
in, These units can be quite large and are usually lo-
cated betwesn the foot weils, behind the center stack.
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The Instrument panel (1.B) is ane of the most complex assemblies in the car
Or most conventional interors the area around the Instrument cluster s very
crowded, with the steering colurmn, instruments, LE structure and HVAC ducting
all competing for the volume. Tha cemter stack layout also needs to be carefully
prionitized and organized so that vent gutlets, HVAC controls, telemalics {navi-
pation, radio, €0, etc.), cup halders, switches and storage trays all fit and are
ergonomically positioned,
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Additional conslderation must be given to safety becawse much of the instru-
ment pane! is within the head impact zone. This means that the contours, radil
and hardness of all surfaces have to be designed to pass all intericr safety
legislation and testing procedures. Also. duning a high-speed frontal impact the
occupants rely on the knee blockers and air bags o rastrict their forwand travel
and cushion the impact. For this reason the relationship of the LR and controls
to the driver and front passengers is critical. with everything set up for reach,
visign and safely.

Special consideration should be given to vehicles in global markets wherg hoth
lefi- and right-hand drive configurations are required.



STEERING WHEEL

Muounted on the steenng calumn which
s usually adjustable and attaches to

the main LB strugture. —.\

INSTRUMENT CLUSTER

Usually housed behind  the
steering wheel, occasionally
in the center stack, the
instrumeants usually include the
speadometer, tachometar, fuel
gauge. enging ltemperature,
battery charge, and waming

lights.

ORIVER'S SIDE AIR BAG ——

Packaged in the center of the
steenng wheel it works more
effectively |If the steenng
wheal is angled toward the
driver's face.

KNEE BLOCKER _//f

Working in conjunction with the air bag, it is a component of
the active safety restraint system (SRS). iis relative location
to the occupant is critical 1o prevent an unbelted occupant
fram “submanning” dunng a frental impact, It is connected

AIR DISTRIBUTION VENTS

Positioned to blow conditioned

air at the occupant's face and
/ torso,

TELEMATICS SCHEEN
Primarily for navigation, providing TV
& video in the LR is illegal in most

countries. —\\

DOOR THIMS

The door trems are usually
designed to fiow into the
IR so these are often
modeled and  sketchad
at the same time. These
also relate closely 1o the
gooupants and set up the
"shoulder room”™ and “hip
reom”  dimensions, The
armrests, release levers
and switches should be
sel up appropnately to the
ocoupant, The door trims
are also designed to help
minimize injury during o
side impact.

—PASSENGER

SIOE AR BAG

Can be mounted in the
top pad or on the front of
the instrument panel,

—KNEE BLOCKER

%

CENTER STACK & CENTER CONSOLE A

The shifter, telematics, HVAC contrals, vents, radio, cup heldars and
hanks of switches may be housed in the center stack and should be
within easy reach of the driver and passenger. The SAE J287 recom:
mended reach zones should be utilized to place these items.

directly to the main LE structure to provide a saiid pad.

(GLOVE-BOX DOOQA]
Working in a similar
fashion to (he driver's
knee blocker, It utilizes
the glowe-box  door  to
provide & sobd pad to
prevent forward travel off
the seal.
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CLUSTER VISIBILITY

The Instrument cluster visibility is set up through the steeéring
wheel using the 95th percentile left and right eve ellipses which
project binocular vision lines orto the cluster plane resulting in a
“moustache-shaped area. The instrumenis should be designed be-
fow these |ines,

\

CLUSTEA GRAPHICS PLANE——  \

KMEE BLOCKER
The location sel up by 8 complex process
involving the 95th, 50th and S3th {temale)
parcentile manikins, The knee blocker sur-
face usually ends up ahout 120-150mm
fram the shin centerine, ———

approximataly 120-150mm

SHIFTER

Can be mounted on the stearing column, LP or floor console. The
shifter shown abive is located on the vehicle centerline and Is
b roughly i line with the manikin's knee. The throw will vary but will be
Iﬁ approximately 150mm for autematic ransmissions.
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The steering wheel center is mounted on or close (within about 10mmj to the The bottom of the steering wheel to the thigh centerline is usually betwesn 80—
driver centerling and usually has a diameter of about 380-400mm. In side view i 100mm. The distance betweean the base of the steering wheel to the Hpoint is
is sel up to the ocoupant relative to the thigh and H-point. The angle of the steer- usually between J00-325mm honzoniathy.

ing whesl is roughly 907 to the calumn which is itsetf normally between 20%-24°

from the horizontal,

Cluster binacular visitility “moustache”
projected onta the cluster graphics
plare, The mstruments should be
located undemeaath 1his.

r/,/— Driver centerline - the steering wheel
centerline should be within 10mm of the

\ driver center|ing.
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HEALH ENVELDIPES

The objective of the reach envelopes s to provide recommended fones o locate envelopes are represented by a senes of sections cut every hundred millimeters,
gach control leyer or knob that the driver may need to adjust while driving with a from £00mm outhoard of the driver centerling to 600mm inboard. These sec
seal belt fastened, The geometry for these envelopes is given in SAE J287. The tions relate to the H-point location n %, y and Z directions.

SAE J287 reach envelope sections
‘created between 400mm outboard
uf the driver and G00mm inboard,
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Mos: car seats are made from cloth of leathercovered foam, supported by a
sprung stesl frame mounted to adjustable tracks which sit either on the floor or
on risers as shown Spposite.

Establishing a relationship betwean the H-point and the seat is important but
difficult to control. The seat cushion foam and occupant flesh combifed wll com-
press about 50mm. so the seat should be drawn intruding into the ocoupant.
After the seat has been manufactured, the 3D H-point machine [SAE 1826, 7Gkg)
can be placed to check the accuracy of the final H-point location.

The headrest 15 designed to prevent whiplash injuries during a rear impact and is

required to be at least 730mm abowve the H-point and 315mm behind, with the
torso back angle set to a nominal 229,
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Seats take up a large partion of the interior volume, especially whan their full
range of adjustment is taken into consideration.

Always ensure that adeguate clearance (15mm) Is designed between the mov-
able seat components and {he adjiacent sysiems—i.e., door Lims and center
console

Note: On vehicles with very low chair heights, the seat tracks may be mounted
vertically on the sill and conscle to help make the seat height compact.



AIR BAG DEPLOYMENT

The active rastraint systems are designed o protect the fromt gccupants (noa
high-speed frontal impact, even If they are not wearing seat balts, Motice that the
momentum of the driver causes the manikin to shde farward until the knees hit
the knee blocker an the instrument panel, The air bag deploys in a split secand
1o cushion the impact and protect the driver fram hitting the stearing wheel. The

air bag ——

knee blocker —_

passenger side air bag deploys from either the top or rear of the instrument
panel in a similar fashion. Side curtain and seat bolster ar bags also deploy
from the side raill and seat cushions ta protect the driver's head and 1orso in
side impacts.,
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H-POINT TRAVEL RANGE
Seat adjustment will vary depending on the size
and cost of the vehicle, Luxury cars will have the
most travel with fore and aft travel of 250mm
along @ 5° incline. About 4D0-80mm of this is
rearward of the H-point, and S5mm of vertical
travel up fram the H-point is typical.

Sest Riser

315mm
- — Headrest designed to prevent

I !/ whiplash during a rear impa