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Thc LJrr i ted Sta lcs Gover ' r tu lc l r t ,  r r r  t r t i t ia t ing the
experirnental sal'ety vehiclc projcct, took an irnport-
ant step to nrake the roads sal'er. I was glad to be able
to rcspond to it on behall 'of the Brit ish Governrnent.
For rnany years wc in fJritain have been concerned
about road sa{'ety; successivc Eovernrnents have con-
sistently tried to reducc thc unhappy toll of death
and injury. Although the measures taken havc had
somc success - road cnsualties have not risen appreci-
ably ibr several years i lr ld ure proportionately lower
than in thcr LJnited Statcs - we are sti l l  Iur from
satisfied. Much has to be done bclbre the roads are a$
saf'c as they should and can be.

l lr it ish road problerns naturally have some specific
features which alc reflected in our approach to car
safety. This has three aspecls --. accidenl avr_riclance,
occupant protectipll, and pcdestrian sal'ety. We
believe that accidents can be avoided if cars have
better handling clualit ies, and equiprlcnt which givcs
drivers rriurc infirrrrration about their strrroundings
and what they and others are doing. We want
occuparlts of cars which are involved in accidcnts to
be protccted against their el 'fccts as far as possible;
arrd, since 40 percent of all fatalit ies on Brit ish roads
are pedestrians' we rnust crlsure that vehicles are
designed to mininrize irrjuries inflicted on those whom
they strike. Thc Brit ish Car Sal'ety Program takes
account of all these factors. In it the elnphirsis is on
thc dcvclopnrelrt of practical cngineering saf'ety sys-
tems capablc of being incorprlrated into a wide
variety of types of cars.

I am confident that this Third International
Experimenlal Salcty Vehicle Conf'erence wil l show
that a promising start has been madc in rnany
countrics torvards achieving our common ainrs of
better and $afer roads. Thc Llnited Kingdom program,
which forms pirrt of this nrajor project, is a coopera-
tive venture bclweCtl governmcnI and industry involv-
ing substan(iirl l'unds to develop car safety systems. I
am sure that the United Kingdom display in the

exhibition will demonstrate that we in Britain are
determined to make a real and valuable contribution
to this essential international activity.

TOWARDS SAFER ROAD VEHICLE$ -
A STATEMENT ON BRITISH ACTIVITIES

INTRODUCTION

Road safety covers many facets but in research a
continuing effort lus been devoted in the U.K. for
many years to all three ilain aspects, namely the road
erlvironment, the road users, and the vehicle. with the
maxiurunr contribution to $afety beirrg sought from
each. These activit ies have heen supported by the
accluisit ion of traffic and accident data on a compre-
hcnsive scale unmalched in any other country. As a
result of this work the general level of road safety
conlpares lavorably with lhe best achieved anywhere.
In the casc of car occupants for exalnple the fatality
rate per rnile travelled in the U,K. is just over half
(55%) that of the U,S. Although this represents a
position of sornc strength there is of course no
justif ication for complacency, F'or example in the
case o[ youngsters l5 to 20 years old, road accidents
account for nearly half of the deaths from all causes.
Strenuous clforts are being made to improve the
education and training o1'road users and in particular
of  the young.

Equally research is proceeding on a hroad front to
improve thc safety of the road environment but it is
an inescapable fact that powered vehicles inflict
alrnost all the road deaths and injuries and in this the
passenger car is donrinanl because of its wide usage. It
is not surprising therefore that the car occupies most
of the interest but motorcycles and heavy load-
carrying vehicles rnust not be neglected. Neither nrust
thouglit be given only to vehicle occupants, since
some 40 percent of road deaths are suffered by
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pedestrians, the majority of them as s result of being

struck by cars.

VEHICLE SAF ETY RESEARCH

Two main choices are available in designing a

comprehen$ive program of vehicle safety research.
One approach is to pursue the development of

cornple te vehicles to much higher levels of saf'ety than

are achieved by their present-day counterparts. An

alternative approach, which may be more fruitful

when a wide range of vehicles is involved, is to direct

research to establishing general performance levels

and to identifying selected vehicle features which
promise worthwhile improvements in safety. Within

this framework research may be conveniently divided

into two categories. One is accident avoidance, and

the other protection of people during or following a

collision, whether they are vehicle users or pedes-

trians.

ACCIDENT AVOIDANCE

In considering accident avoidance we must not

restrict ourselves only to measures which prevent a

dangerous sittration developing into a collision; we

must also fincl ways of mrnimizirtg the onset of

dangerous $ituations. In the latter category are

devices intended to help road users to take the
correct decisions and to warn drivers of the dangers

ahead; two current examples are the head-up displays
of speed and of minimum safe following distance, and
the RITA $ystem of aural communications with

drivers.

Non-Locking Braker

A highly desirable requirement of accident avoid'

ance is that a driver should be able to maintain

complete control of the vehicle while braking and

maneuvering in emergencies, even under adverse road

conditions. The ability to do so is critically depend'
ent upon preventing wheel locking and this applies to

all three main categories of vehicles: motorcycles,
passenger cars and goods vehicles. In the case of

articulated vehicles wheel locking can lead to jack'

knifing, or to trailer swing; the itormer is virtually

uncontrollable once started, the latter too is very

dangerous because the driver may be unaware that it

is happening. Considerable technical progress has

been made on non-locking braking systems for all

three classes of vehicle but the establishment of an
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economically viable requirement is dependent upon
the accident savirtgs which can bc acltieved by
non-locking braking systetns, bearing itt tttind that

various systern options exist witlt a corresponding
range of costs.

Following a large scale trial of anti-lock devices on

articulaterl goods vehicles the U.K. is planning to
carry out a trial of currcnt production cars ecluipped
with non-locking brakes. To obtailt a rcliable allswer
within a reasonablc time the trial will need to be
mounted on a large scale and will depend lbr success
on the cooperation of many people and organiza.
tions. However, if carried through it will represent a
major iniliative on the part of the U.K. toward
establishing a case for or against the adoptiott of
nonJocking braking systems for cars.

Handling Oualit ies

Another important aspect of collision avoidance is
the influence on it of that rather abstract quality
known as "handling." A large amount ofl work has
been carried out on the subject mainly fiom the
standpoint of customer acceptance but there is at
present very little inlbrmation relating handling
features or perfrrrnrance levels of handlirrg to accident
involvement.

PROTECTION AGAINST INJURY

Accident reduction is of course the most desirable

target because it brings wilh it the dual benetits of

savirrgs in both injury and propclty damage- But it

would be indefensible to neglect measures which

offer worthwhile reductions in personal injuries when

a coll ision or loss oi control occLlts. This subject is

not as straightforward as rnight appear at first sight

because a gain in safety for the people within a car

might accrue at the expense of increased ittjury to

occupants of other vehiclcs or to pedcstrians. Fur'

thcrnrore it by no meirns follows that a detnand for

survival at very hrgh impact speeds will yield the best

solution because most injuries and collisions occur at

modest speeds. Much more is likely to bc heard of

these aspects as car sat'ety programs evolve-

Human Tolerance

In pursuing greater occupant protection there are

two outstanding problerns neither of which is new'

The first concerlls the need lbr morc data on human

tolerance. i.e. the ability of the body to withstand

without serious or permanent injury, unusual loads



over brief periods of time; it is essential for the data
to relate directly to the variety of events that occur in
actual accidcnts. This irrformation is crucial to vehicle
design and from this standpoint one can readily
appreciate the need for occupant protection to be
regarded not simply as an addon systeln but as an
integrated vehicle design problem involving both the
basic structure, the interior design and the occupant
restrarnt system.

Test Techniques and Occupant Bestraint

The second problem concerns test techniques for
type approval and quality control, two of the most
irnportant being the representation of the human
occupant and the associated performance levels to be
applied. Both of these reinforce the need for an
overall performance standard for occupant protection
rather than an accumulation of piecemeal design
requirements. A basic issue in forming a standard is
the assurnption to be made rcgarding the use of
occupant restraints. The value in injury savings from
the regular use of seat belts has been amply demon-
strated but the majority of car occupants do not use
them at the present time even though most cars are
now equipped for the front seating positions.

To cover both situations. i.e. restrained and
unrestrained occupants to the same level of pro-
tection would impose very great design problerns. It is
the U.K. view therefore that an occupant protection
standatd should be based primarily on the assumption
that restraint systems will be used but it should make
some provision for the unrestrained case; the survival
levels for the latter however wil l alrrrost inevitably be
suhstantially below those for restrained occupants.

VEHICLE REGULATIONS

The research towards safer vehicles will be of value
only when the results have been embodied in produc.
tion cars. Close collaboration has existed between
industry and the U.K. government lbr many year$
and many ol'thc lessons learned have on the initiative
of industry been embodied in production vehicles
almost unnoticed by the general public. Nevertheless
there are many instances when it is desirable and
sometimes essential to reinforce the situation bv
official regulations.

Vehicle regulations in the UK. are a government
activity with a history nearly as long as that of the
motor car itself. The first regulations were in force
before the turn of the centuryr and since then

refinements and additions have followed in a contin-
uous stream. The primary objective has been the
prornotion ol the safety and welfare of the citizen. as
drivcr, passenger and as bystander. To a large extent
these regulations have traditionally taken what was
best, or at least what was a desirable minimum. out of
current practice and technology and laid it down as a
standard for all to observe.

In recent years most people have become increas.
ingly aware of a second strand in vehicle regulations.
Safety considerations have inspircd many countries to
develop systems of regulation comparable to our own
- comparable but not identical. The development of
a vast international trade in motor vehicles has made
it abundantly clear that compliance with the rnulti-
farious requirements of the many export markets is a
major headache to the manufacturer. The demands of
safety cannot he disregarded but in rnany instances
the differences do not represent different degrees of
safety. They exist sirnply because administrators have
approached the same problem irr isolation from each
other and havc tackled it in their own way, with the
frequent result of provisions of similar effect but
annoyingly divergent in detail.

From this situation spring the efforts, particularly
through the agency of the Economic Comrnission for
Europe, to develop internationally agreed regulations.
Valuable work has been done although progress is
admittedly not as fast as either the industry or the
Department would like. An impetus to this search for
harmonization has been given by the efforts of the
Common Market. As a part of the Community's
program of work to eliminate barriers to trade
between member states a system of standards is being
developed and embodied in directives within the
framework of the EEC type approval system. When
this system is complete any vehicle which conforms
to all the standards must be accepted throughout the
Market area. Brit ish membership wil l enable us to
henefit from this system.

Another comparatively recent development in the
field of vehicle safety is the tendency for govern-
ments to go beyond the traditional role of merely
consolidating existing good practice. The increasing
toll of road accidents and the mounting concern in all
quarters - public opinion, press, parliament and
government - to expk-rre all possible means of
curbing it have inevitably focussed attention on a
number of areas in which a more positive approach
might appear to pay dividends. Amongst these
naturally figures the setting oitnew requirements for
the design and construction of vehicles intended to
achieve new levels ofsafety for road users,
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In the future this more active role of government

seems likely to develop. Although the industry

continues to devotc spontaneously much effort to the

improvement o1'vchicle safety, and although what the

industry can technically achieve sets a lirnit to what

can be required by regulatiorl at any given time, it is
nevertheless truc that govertrment initiatives may
promote the concentration crf rcsollrce$ in such a way
that desirable inrprovements are achieved more
quickly than would otherwise be lhe case.

One methocl of setting abottt this would be to l ink

regulations not to what is now technically possible

but to what is hoped to be possible itr the future - to

set a kind of legal target which the industry must

achieve by a stated date. Thi$ is not however the U.K.

approach, where it is considered preferable to foster

the necessary research and developmcnt in order to

demonstrate the practicality r,rf' a trew requircment
and also to show that its introduction could be
expected to produce benefits in tertns of accident or
injury reduction corullensurate witlt tlte cost it

would impose on the public.
It is important too that standards should not be

drafted in such a way as to inhibit lurther develop'
ment and innovation by the industry. For this teason

thc U.K. will bc looking increasingly towards

performance-based standards rather than design-bascd
stanclarcls. t ly this is meant that a standard should
ideally tcll the tnanufacturer how thc vclticlc sltould

behavc in certain prescribed conditions, ratlter than
prescribe thc constructional features which must be
incorporated to rnake it behave in such and such a
way. The rrranuhcturer then rctains the freedorn to

develop and ntodify dcsign itt such a way as to
achieve the required perfot tnance standard more

efficiently.
A particular field in which wc are interested in

developirrg sttclt atr approach is that of occupant
protection. Regulatory irction in that f ield recogrtizes

that accidents wil l continue to happen, whatevcr

other irnprovements are made in vchicle design, in
road layout and itr driver behavior, atrd sets out to

mitigate the cortsequeuces of this inevitable residue of

accidents to the driver and passengers. The U.K.

bclieves that the principlc is good, and is irtterested in

investigating, in cooperation witlt i lre industry and

with otlter: goverttrnents, the way in whiclt it ntight

uscfully be applicd to thc typical Eurrrpcan car. lt

may well turn out that this will bc tlte most

satist'actory way of implementing thc lessons which

will be learued liotrr tlur rcseatch program as to the

feasibil i ty of new levels of vchicle safety.
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INTRODUCTION

Over the last 25 years the average speed ofvehicles
has considerably increased, the traffic density has
greatly increased, as lus the number of regulations,
signs and signals which must be obeyed or itrter-
preted. ln addition development in road layout design
has not solved all the problems facing the driver in
reaching his decisions. Tlte physical and mental
abil it ies of people who must operate itr this environ-

ment have not changed. The problem then is to
ensure that people drive within their physical limita-
tions and yet drive to a higher standard of safety than

at present. Herc we are not dealing with a specialist
body l ikc air-l ine pilots but with an cntire cross-
section of the population. It is therefore necessary to
either provide drivers with instrurnents to make up
their deficiencies or to take tlte decision-making out
of their hands. This can be done either by altering the
structure of the environment or by ptoviding suitable
electro-mechanical equipment. Automatic systems
now available are far superior to matr in the speed
with which they can make decisions and can thus be
used to supplement the driver in crit ical driving
situations.

The limitations of human performance are under
continuous study at the Transport and Road
Research l;rboratory, so that the appropriate equip-
ment may be develoPed.

The TRRL in looking at these problems has
concentrated on a l imitcd number of items, details of
which are available in this paper, or in the exltibition
at Dulles. In the area of helping the driver by giving
him the right information in the right place thc Head
Up Display speedometer has been demonstrated to be
a very valuable aid and can now be produced at an
economical cort. Using the same priltciple a station
keeping indicator is being developed that will advise
drivers on the minimum safe following distance from
the car in front. The whole concept of aural

D R I V I N G  A I D S

MR. H. A. J. PRENTICE, Head of Driver Aids and Abilities Division

Transport and Road Research Laboratory

communication is being looked at and plans are being
developed tbr systems specilic to individual drivers.
The night driving problem is under continuous study
and reccnt work on vehicles has been on a "dirndip"

or running l ights system. Finally the "flsn111111ds"

vehicle has been considered as the ultirnate form of
personal transport; working on this project has
yielded a technological spinoff in the sense that we
can now see saf'e wuys of rernotely controlling speed
and hraking of vehicles. As part of this project an
automutic following system giving close, high speed
following in safety is bcing developed; the broad
outline of this work together with proposed ways in
whicli the various steps in reaching lull autornatiorr
migirt be irnplemcntcd arc given later.

VEHICLE BORNE DISPLAYS

Station Keeping lndicator

A safe time interval between vehicles may be
regarded as being one within which the driver of the
folkrwing vehicle is able to react to the stopping
maneuver of the preceding vehicle and init iate his
own stoppittg action, in other words his brake
reaction time. Therefbre, if a driver travels behind
another at such a distance that he is able to react
beiore his vehicle passes the place on the road at
which the preceding driver reacted and his vehicle
does not have an inferior braking systern, he should
always be able to stop safely when only braking is
involved. Urtder tlte most favotahle conditions, that
is, in a simulated eilrergency, brake reaction times of
less than half a second are not unusual. However, in a
true emergency situation with an alert but
unexpected driver a reaction titne of less than one
second is unlikely. On one iully instrutnented scction
of urban motorway in the United Kingdom time
intervals between succeeding vehicles of less than one
second are regularly recorded. There is no reason to
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suppose that this finding is other than typical of all
heavily trati'icked fhst urban roads.

The problem is that it is virtually impossible for a
driver to be able to choose unaided correct tollowing
distances for particular speeds so as to always allow
fbr a one sccond rrrinirrrunr reaction time.

As an aid to achieving greater saf'ety in car
following situalions a device has been dcveloped at
TRRL which rnay be used to indicate to the driver
thc rninirnum following distance at which he should
truvcl to allow hirnself one sccond in which to react.

This device cornpri$es a pair of vertical lines
against which the vehicle being lbllowed is viewed by
the driver. The gap between the lines is varied by the
speedometer mcchanisrn so that tire fhstcr thc vehicle
travels the closer the l incs rnove together. It is
essential that the driver sees the lines at the sarne time
as he views the vehicle ahead. When the vehicle ahead
is brackcted by the l ines he is then at a safe following
distancc. This is achieved by tlre use of a head up
display system similar to that used in combat aircraft
or, itt a modilied form, to display speedonreter
readings in motor vehicles, as exhibited at Dulles.

The optical componcnts used are quite simple. A
cheap plastic moulded lens of asphcrical f r lrrn is used
as a coll imator. This lens is used to produce images of
the lines which are seen by the driver as reflections in
Itis windscreen. The reflection actually comes liom a
srrnll l lal lcncd area of the windscrccn. The produc-
tion o1'such a l lattened area is not as diff icult as it
would at first seem to be since on modcrn cars the
portion of the wirrdscreen normally viewcd through
when looking straight ahead is very nearly flat. The
lines thernselves are gcncrated by rueans o1'a single
strip filament larlp which is moved by means of a
drive takcn liorrr the speedorneter rnechanism. Two
Iincs are obtained by using a view of the lamp dircctly
togcthcr with its real irnage formed by rneans of a
srnall concave nrirror.

In practice the device has been so calibrated that it
may bc used whcn following lnost passcnger cars on
Ilrit ish roads wittr an crror of approximately !10%
taking thrr widest and narrowest vehicles. It may also
be used with trucks, etc,, since they are required to
have rear end markings of certain sizes which could
be used in l ieu of thc overall vehicle width. These
nnrking sizes are not yet t ightly controlled but the
appropriate legislation exjsts to do this if rrecessary.

Brake Lights

To be more certain of safe stopping even though
he has been able to Icact within one second a driver
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needs to know as quickly as possible that the vehicle
ahead has irrit iated ernergency braking. At prescnt
there is no wity of knowing how scvcrely the driver
ahead intends to stop. A system which wil l indicate
thc severity of braking as well as its onset is being
developed. It takes the f.orm of a rnulti- level brake
light display. Simply, the greater the vehicle decelera-
tion the more hrake l ights are i l luminated. At prescnt
three separate levels of deceleration are used arrd up
to seven lights are uscd il lurninated in the sequence
one, three arrd seven lights as thc dcceleration sevcrity
increascs giving an irnpression of suddenly increased
vehicle width.

IMPROVEMENTS IN VEHICLE
LIGHTING SYSTEMS

Driving at night poses its own particular problems
and the prescrrt systerrrs of vehiclcr lighting in gcrrcral
use throughout the world are lhc result of arr
evolutionary process that has gradually been takilrg
placc since it was fbund that the primitive lighting
carried by the iirst mechanically prrtpelled vehicles
was not good enough to fulfil the lunctions of
enabling a driver to see wherc he was goilrg, and to
warn other road users of his presence and intentions.
In particular, the headlarnp in its presertt form is a
searchlight that wil l enahle a drivcr to see as far ahead
as possiblc without causing intolerable glarc to drivers
of vehicles approachurg frorn the oppcrsite direction.
Tltus the headlamp must be a compromise and like
il lost compromises the cnd product is rrot entirely
satisfactory. Visibil i ty giverr by the upper beam is
adequate in most cases but this is not thc case with
lower beams, which also sti l l  give undcsirably high
glarc illuminances in the direction of orrcoming
drivers, in spite of modifications irr the distribution of
the l ight emiltcd by the lower lream. lt is t 'elt lhat the
present headlamp systcms have now been developcd
as far as they can go and thal any improvement will
only bc achieved by thc use of entirely novel systems.
The idea of polarized l ight hcadlamp systems has
been with us lbr a long time and there is rnuch
current activity both in Europe and the U.S., where
the rcsults of proposed tests are awaitecl with interest.
Lookirrg further ahead we can irnaginc the general use
of "opposing driver sensitive" headlarnp bearns that
will automatically avoid emitting any light in the
direction of an orrcorning driver's eyes.

For the immcdiatc future. however. we shall have
to exist with the prcscnt systeur of upper and lower
headlamp bearns arrd the rnain task, from the point of
view of the safety vehicle, is to ensure that the lower
beam is used as safely and cffectively as possible.



The full benefit of the present design of headlamp
bcarn is only obtained when it is correctly airned and
it is obviously desirable that this correct aim should
be nraintaincd at all l irnes. Headlarnp aim is nrlrmally
carried out with the vehicle unloaded except for the
driver. Unfortunately rnlny rnodern vehicles ti l t to a
significant extcut wlrcn loadcd und rneasurernerrts in
Britairr have shown that the ti l t is rnore l ikely to
result in a 'nose up'attitude rather than the reverse.
A change of only I degree upwards in vehicle
attitude catr result in severe glare to an oncolting
driver, even with headlamps that have been correctly
aimed. In seeking a low cost solution one approach to
this problern has been tackled in Europe. It has been
to pivot the headlanrps in their mountings then
rnakirrg them aulomatically t i l t to compcnsatc fbr
vehicle body movemcnls. This has trecrr ac{rievcd by
mearrs of either hydraulic or mechanical systems, the
latter being lhe cheaper. Both systems use the relative
movement o1' wheel axles and car body to produce
the neccssary correcliorr signals. Thc front and rear
suspension movements are detected and are combrled
to transmit a vcrtical angle corrcclion system to the
pivoting hcadlamps. Both the hydraulic and mechani.
cal systems havc bccn tested statically and dynarnic-
ally. A load ol' -500 lb in lhc rear of the cars tested
caused a 'nosc-up' atlitude ol' apprr:ximately | .25
degrees but the compensated lalnps in both systems
moved by less than 0.1 degrees from the horizontal.

The lower headlarnp beam is designed to allow
drivers to see ahead as well as possiblc in thc face of
oncorning traffic. On unlit and poorly l i t roads it is
imperative that the lower beam should ernit as rnuch
light as possiblc, as long as the l ight ernitted in the
direction of an oncolning driver's eyes is kcpt within
reasonable lirnits. However. rnore and more roads are
nowadays being equipped with street l ighting of a
much higher standard than in thc pust, and the need
fcrr lowcr beams lo c'rnit l ight at their I 'ul l intensity nr-r
longer exists, although there rnust be some form of
vehicle l ighting to perrnit pedestrians and other road
users to differentiate between parked and moving
vehicles. Although somc courrtries adopt the practice
of usirrg norrnal lower headlamp beams at all t imes,
whatevet the standard of the street lighting, in others,
such as France, lowcr headlamp beams are not
normally used in areas where the street l ighting is
good. In Britain practice varies betwcen one town and
another, but the use of standard lower beams in
well-lit streets has been shown to be a disbencfit in
terms ot'accidents.

It woukl be desirable to have some form of
interrnediate front vchicle l ighting lying between the
norrnal parking lights and the normal lower headlamp

beam and such a system has been developed. This
systcm automatically reduccs the intensity of the
lowcr headlarnp bearn whcn a vcl'ricle is in a well-lit
area until the brightness of the headlamp is about 20
per cent of its norrnal value. This is bright enough to
enable thc ligltt tr: be dilTerentiated from a parking
light.

The autornatic headlamp brightness control has to
meet a number of difl'erent requirements for satis-
factory operation. Firstly, it rnust be sensitive to light
frorn the strect l ighting luminaires but not to l ight
frorn lhe lteadlamps of opprising vehicles. This is
achieved by taking advantage of tl.re fact that as
headlamps are nornrally run from a direct current
supply they give a stcady output whereas the light
from the discharge sources norrnally associated witlr
high quality street l ighting installations fluctuate at a
frequency that is twice that of the electricity supply
(i.e. at 100 Hz in most of Europe and at 120 llz in
the USA). Although fluctuations at these frequencies
canrltrl be detected by the huruan eye they can be
easily detected and amplif ied electronically. This is
what the cotrtrol device does.

The second important requirernent is that the
device should not be sensitive to isolated light sources
but should wait unti l l ight of the required intensity
has been contilruously experienced for a long enough
period (typically 25 seconds) to en$ure that the
vehicle is in fact in a well j i t area of sorne extent.
Thirdly, it is irnperative that the headlamp bearn
should revert to its tull brightness orr leaving a well-lit
area for one without strcct lightrrrg, or with streel
Iighting of a lower standard. Both these requirements
are sa tisl icd electronicallv.

AURAL OOMMUNICATION

Both frorn the point of view of road safety and
traffic control it is recognized generally that the
communication link with the driver must be
improved. At present the driver uses his visual senses
to control the path of his vehicle and sirnultaneously
to seek rclcvant traffic and safety infrrmration from
visual road signs. ln spite of improvements in visual
signing and visibility from vehicles the driver's visual
senses are heavily loaded in many driving situations
and this position wil l deteriorate further as vehicle
densities increase. It is also a fact that visual signs are
frequently obscured for a variety of reasons (eg.
other lralfic, difficult siting problems, heuvy rarn,
fog, snow etc.). Serious consideratiorr has becn given
thcretbre to the comrnunication of inlbrmation to
drivers bv means of the aural sense.
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Two kinds of information are required by drivers
- one is strategic and the other is tactical. Strategic
information is used by drivcrs to plan their journeys,

ideally before startirrg out on the road systenr;this is
best provided by the prescnt traflic infomration
services radiated by local radio stations or national
broadcasting networks. Such inforrrtation is regionally
based and gives a general picture of the situation in
the road network. The second kind of information
required is tactical i.e. that required for detailed
traffic control and emergencies on individual roads
within the network and it is this kind of information
with which the TRRL RITA (Road Information
Transmitted Aurally) project is concerned. The tacti-
cal information is under the immediate control of
Area Traffic Control authorities and provides tlte
communication channel for traffic control lneasures.

It is necessary for operational reasons, apart from
driver convenience, that irrformation be confined to a
particular carriageway i.e. so that drivers will only
receive messages relevant to their carriageway and
direction of travel, as in present visual nrethods of
traffic control. This requirement limits the choice of
techniques available for a RITA system.

A range of standard rncssages appropriate to the
particular location would be pre-recordcd and stored
in a message bank, the message$ would contain
information relating to traffic control measures
(diversion, tidal working, Iane closures, speed) and
emergency situations (accidents, weather conditions).
Thc message barrk can be located at the roadside
transmitting point or in a central control roorn from
which the traffic controller can select the appropriate
message for the location and traffic situation.

When the roadside transmitter is not required for
its traffic control or sal'ety function the messages
radiated can provide route and amenity information.
Since drivers farniliar with the area would not require
this infirrrnation they could switch off their message
receiver. However, when traffic control or ernergency
messages are transmitted all receivers would be
switched on automatically by suitable coding tones
on the roadside transmitter.

With such a communication channel available in
the vehicle it could be used for other situations such
as directions to car parks, transit areas, advice on
all-night restaurants and garages, thus providing a very
valuable amenity $ervice. In addition to the perma-
nent roadside installation portable equipment would
allow temporary traffic control for large public events
and police requirements.

Rcsearch at TRRL has been concerned with three
main aspects; the question of driver acceptancc, the
division of attention between aural and visual inputs
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to the brain, and the evaluation of possible technical
sy$tems.

Driver acceptance of a sinlulated installation has
been found to be very favorable in trials in Central
London both by day and night. Experirnents on the
division of attention show no drop in driver perlbrm-
ance, and on thc whole drivers were more relaxcd and
gave more attention to their driving.

In technical systems considerable experience has
been gained with buried loop tcchniques. Problems
have lrcen encountered at bridgcs and on reinforced
concrete structures; in general howcvcr, the system is
satisfactory. The frequencies arc confined to below
500 kHz. and there is the problem of the disturbance
to traffic during installation.

The use of point source radio transmitters with a
triggering system is very attractive but in the United
Kingdorn there is the very dillicult question of
frequency allocation in an already overloaded spec'
trum,

lnvestigation is going ahead into the newer near.
field systenrs such as a leaky coaxial cable, and a
short buried loop employing "fast in - slow out"
methods using digital techniques would enable a
lengthy message to be passed to the vehicle in
milli-seconds, and then played back slowly aurally to
the driver. This method has the advarrtage that the
information could be held in $tore for repeating if
nece$sary,

Full scale road trials are planned for the RITA
system and pilot installations are being evaluated.

DUAL MODE VEHICLES

So far the work described has been research into
how drivers carry out their task of controlling
vehicles, and into methods of helping them in this
task. However. there are distinct limitations to a
human being's performance as a controller, particu-
larly with the present day, regular increases in traffic
speeds and densities. Therefore a more radical solu-
tion is now being worked on which replaces rather
than merely aids the human driver. This will be
achieved by converting normal road vehicles to dual
mode operation by fitting them with electronic "auto-

drivers" similar in concept to aircraft autopilots. The
idea is that people wil l dr ive a$ u$ual on minor roads,
but will switch to the automatic mode on main roads
and motorways.

The first question arising from this concept of
highway automation is "why," and the only satisfac-
tory answer to it, as with any proposed technological
advance. must be because the economic and social



benefits from highway automation will exceed its
costs. The rnain quantif iable benelits expectcd are

l. reduced number of accidents. because of the much
higher reliabil i t ies otrtuinable from rnachines than
fiom human beings, and

2. increased road capacities, due to morc accurate
steering, quicker reactions, i.e. more vehicles per
unit length and better control at junctions.

It should be renrembered that if main road
autornation were complete, manual driving (and the
accidents arising from it) would be confined to minor
roads where slow specds could bc enforced. The need
for expensive sal'cty dcviccs required to protect
occupants in high speed accidents will then disappear
and the cost of these can be off'set against the
autopilot costs. A sirnple cost/benefit analysis has
suggcsted that these benefits would justify an equip-
menl cost of up to J5000/lane rnile and J75 -.C100
per vehicle, Automation would appear to be justifi-
able provided its cost is of this order and present
ellbrt is conccntrated on finding out it' rcliablc
systerns can be produc:ed in this price range.

The present position at TRRL is that there are two
cars (a Mini, the smallest British car and a Cortina, a
medium-sized saloon) able to steer themselves auto-
matically using a single leadcr cable system, and ablc
to respond to speed, stopping attd starting commands
received by inductive links from the road, These
vehicles use simple and cheap control actuators -

electric rnotors for steering and electro-vacuurn sys-
tems for throttle and brake. Work has just started to
convert a bus to automatic control; this wil l carry a
general purpose analog computer for control system
tests and malhematical modelling work.

' lhe 
main technical protrlem which workers in this

field are trying to solve is that of automatic longitudi-
nal control, to allow both close fbllowing of other
cars and stopping at obstacles in the road. Two
approachcs scr-'nr promisirrg here ;

l. a self-contained or "non+ooperative" headway
measuring systern such as prirnary radar

2. a'"co-operative" sy$tem using electronic equip-
ment in the vehiclc to be followed as well as in the
following vehicle.

At present it appears that a non+ooperative
systern will only allow safe following at headways
down to l-2 seconds,i.e. rather lotrger than those
used by human drivers. This would not increase road
capacity, and to achieve rnuch shorter headways than
used by human drivers a co+perative system would
appear to be essential, either secondary radar or a

system indicating position measurement with respect
to inert ruad rnarkers and a rrfcrowave link to
following vehicles.

Investigation of possible techniques during the
past two years has indicated that such a system is
technically possibler. The need for co+peration how-
ever incrcases the dilf icult ies of introducing autorna.
tion onto a country's rnain road network. Since this
introduction problem is important it is discussed in
deta i l  be low.

It is felt that the clrsnces of introducing a program
of vehicle autornation in rnost countries will be very
small if it involves either legislation forcing drivers to
fit equipment to all vehicles, or building special new
roads for autornatic vehicles. A gradual introduction
progranl is favored at present with the aim that each
$tage must be economically viable and socially
attractive in itself while lcading both technology and
public opinion towards the ncxt stage arrd eventual
full autornation. It should be noted that automatic
vehicles are already in use, such as driverless factory
tractors, vehicles in mines and tunnels, farm tractors,
vehicles for t ire and automotive cornponent testing,
Such a phased progrirm could be as follows:

l. Automation of buses operating on reserved tracks,
such as the bus way already in use at the New
Town of Runcorn. This should reduce labor costs
and allow a much improved late"night $ervice,and
should also allow the buses to be run more
econornically. This could be regarded as a "hori.

zontal clevator," a great advantagc bciltg that since
the vchicles arc normally driveable, they could be
used off the reserved track, which considerably
imprr.rves thcir economic use.

2. The use of road-to+ar comrnunication links; e4.
in-cur displays of road signs passed, route guid-

ance, corttrol of speed and braking.

3. The introduction of a cooperative headway con-
trol system giving very close following at high
speeds. This would require reservation of the
offside (or right hand) lancs of motorways for
equipped vehicles. Initially steering would be
carried out by the driver, while the automatic
systern handled only longitudinal control, fol-
Iowcd by reserving the nearsidc (or left hand) lanes
for corrunercial vehicles.

4. Conversion of these reserved motorway latres to
full autornation, including steering.

5. Extension of reserved lanes to all tnain roads.
Technically the problcms involved are soluble, and

the governing factors in implementation will be
politico/economic rather than technological.

;'l
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VEHICLE HANDLING

MR. Gf LL JONES, Chief Vehicle Safety Engineer

Brit ish Leyland Motor Corporation
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INTRODUCTION

Frorn a broad consideration of all the available
inforrnation and fiom our own accident investigations
it is evidertt that avoiclance of'accidents is trrr less a
priority than occupant protection and that the
handling and stubil ity of vehicles is a subjcct ofgreat
importance.

The tcchnical background dealing with vehicle
stability is such that intormed engineers have a good

appreciation of the important factors involved.
Within the scope of vehicle handling there are many
thctors which the designer has to consider such as side
wirrd stabil ity, traction under poor grip conditions,
stabil ity under braking and vehicle ride.

Some of t lre requiremcnts tend to be conflicting
and so the design as always is a matter of selection
and comproniisc.

In establishirrg nrinirnum standards which have a
realistic rclationship to sal'cty and which are readily
applicd cluring the dcsign and development process a

clcar analysis of the available infclrmation is neces-

sary. It would be of great bcncfit to have clear
objective evidence of required pcribrrnance levels
bascd on acciderrt investigations but inevitably the
interaction ol a nurnber ol ' I 'actors involved in cach
individual accident makes it diff icult lo establish this.

Investigations are ltc;wever being carricd out to try
and relate accidents to handling characteristics.

Expcrience of vehicles having either oversteeted or
understeered prior to accidents Iras been sufficient to
emphasize thc basic irnportartce of these cl ' l 'ects
relative to safety.

Steady State Response

Many people nowadays have a broad understand-
ing of oversteer and understeer but lbr those who are
least familiar with the subject wc may briefly say that
overslecr is a condition in which the rear of a vehicle
tends to drift outwards away from tlte point about

which it is turning and so requires the steering wheel
to be turned opposite to its normal direction or to an

angle which is lcss than the sirnplc geotnetric or
Ackerrnann requiremcnt. Understccr is a conditjon in
which the frorrt of a vehiclc tcnds to drift outwards
and so requires the stcerittg wheel to bc turned to an
angle which is greater than the simple geornctric
rcquirement.

FIGURE I i l lustrates a velticle followrrtg a curved
path in accordance with Ackerutann layout and fronr
this we can see what is tneant by yaw velocity, a term

uscd regularly in vehicle handling and stabil ity pres-
entat ions,

FlGtlRE 2 shows the United States specification
for steady statc respon$e, lhc pilase I proposals being
superseded by a requiretrtcnt for tttore utrdersleer itr

accordance with recommendations by the Digilck

Corporation. tly relating the proposed acc:eptable
range to the Ackcnnarrn l ine for a velricle of I t6 i l tch
wheelbase it wil l be noted lhat the final spccil ' ication
requircs a large arnourlt of understccr. For a typical
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l -
F l s
- l z
; t d
4 t J

= l +
= l F

- l **

t4

l 2

t 0

I

6

4

0

A C K E R I V I A N N  F O B
3 3  I N C H  W H E E L B A S E

A C ( E R M A N N  F O R

I  I 6  I N C H  W H E E L E A S E

U .  S .  F R O P O S E O  A C C E P T
A E L E  f i A N G E .  E . S . V ,  C O N T B A C I

FIGURE 2

European vehicle of much shorter wheelbase the
anrount of understeer is even greater and there is
obviously a necessity to relate thc requiternents to
the wheelbase. From an analysis of information on
smaller vehicles of the European type the indications
are that the upper limit o{ acceptability for such
vehicles may well be within the phase I U.S.
specification.

Although the acceptahle range relates to a lateral
acceleration of 0.4 g the U.S. specification includes
requirernents which ensure that as the g value and
spced increases thc trend must be towards increased
undcrsleer, While such requirements arc necessary
this specilication itself does not cover the range of
desirable steady state characteristics.

FICURE 3 illustrates thc dilference between front
and rcar wheel slip angles plotted against lateral
acceleration, these resr,rlts reprcsenting a measure of
the change in understeer as the acceleration increases
and being obtained from a tethered test.

FIGUEE 3
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Response results plotted against acceleration are
very uscful in the dcvelopnrerrl stage ancl rnay be
uselul in determining acccptance levels.

Curves of the frlrrn shown in FIGURE 3 are
obtained from lethered tests carried out at the Motor
Industry Research Associatiorr. Thc test vchicle is
attached to a mobile anchor vehicle at any required
attitude arrd, if necessary, with traction or braking
forces applied through the road wheels in the normal
way. The necessary data recording apparatus is
carried within the anchor vehicle.

Transient Response

The basic oversteer/understeer characteristics are
equally applicable to the resporlse from transient
steering action as in a rapid lane change or other such
maneuver, in which loss of control can occur in a
fraction of a se cond. In determining the specification
most suitable frlr accident avoidance in such man.
euvers we believe that studies should include the
perforrlance capability of drivers relative to vehicle
responsc.

FIGURE 4 shows the response from a vehicle of
96 inch wheelbase following a stcp steer input in
accordance with the United States ESV specification.

It will be seen that in thc 25 rnph test the vehicle
fails to meet thc requirernents lbr initial response and
in the 70 mph test it fails to be within the envelope
beyond I "6 seconds.

The requirements in these areas appear to be
unnecessarily restrictive and can be expected to have
negligible elfect in enhancing the sal'ety of the
vehiclc.

In particular at 25 mph where a large steering
input is nccessary, the rerluired steering angle is not
reachcd until a time of approxirnately 0.3 to 04

TRANSIENT YAW BE$PON$E

. 200

f, rao
F

>  t 6 0
o

Fu 140

*
lu 100
I E

PIE so
f ; l i  c n

EI+ , "
t z

l E *

FIGURE 4

E
tl
i
E .
F I
E l
q l
EEi

= PrrH

E*
A

30

2'5

20

K

to

a5

STEADY 5TATE TETHERED TEST

/

urEMt tcctltilrroil (ftncENT!.)



seconds has elapmd. The yaw rate must initially have
a zero valuc and the slope o1' yilw rate against t ime
initially must also be zern. Hence it is difTicult to see
a practical vehicle responding sufficiently rapidly to
remain within the 25 ntph envelope during the init ial
fractions of a second.

FIGURE 5 shows a comparison of recordings from
a rapid lane change mar)euver with a snrall vchicle in
norrnal trim, and with tire pressures drastically
changed to oversteer. In the changed condition the
peribrrnance was subjectively quitc unacceptable.

The elfect which tends to result in loss of control
and which is illustrated here, is the tirne lag between
steering movement and response. Such lag is contrary
to simple human expectations since in normal driving
the responsc is reasonably coincidental with input.

Neither of the cases irr FIGURE 5 refer to norrnal
driving but it will be noted that after 0.8 seconds
from the start of the maneuver the oversteer car is
just changing direction of yaw whereas the normal car
is yawing appreciably to the desired parallel path in
the overtakilrg lane.

As a result of the difference in yaw, and as shown
by the lateral acceleration curves, the oversteer car
was still turning across the lanes almost half a second
after reaching full rcvcrse steering nrovernent. The
vehicle crossed over to what could have been the nath
of traffic travelling in the opposite direction.

Time Lag m Explained by the Fundamental Dynamic
System of a Motor Vehicle

Time lag between input and response is a funda-
mental characterislic of spring/mass systems arrd is
dcpcndent upon thc ratio of the input l iequency to
the natural frequency.

It is also modified according to the degree of
damping.

FIGURE 6 shows frequency respons€ measure-
ments frorn a typical srnall Europcan vehicle at a
speed of 50 mph, these being extracts fiorn research
carried out by the Motor Industry Research Associa-
ton. The respon$e arnplitudes at thc particular test
speed are representativc ol 'awelldarnped rlcchanical
vibration system and the response lag follows the
theoretical pattern except at high fiequencies where
interaction between the hand wheel and the road
whcels is considered to be the cause of the difference,

The peak yaw response arnplitudc occurs at 0.6
cycles per secolrd and this reprcsents the natural yaw
frequency.

lmplications from Theory and Practice

The ilrplications front consideration of transient
responsc cfl'ccts are that maxirrrum driver control is
obtained when the natural frequency of yaw is
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highest and when optimum cornering power is
obtained by having a suitable amount of undcrsteer.
High yaw natural fiequencies are oblained by the use
of tires having a higlt lateral stillitcss acting oveT a
long wheelbase and by kecping tl're yaw inertia of the
vclricle to a nrinirrrum.

Since, with large vehicles in particular, afl increase
in wheelbase introduces problerns associated with
stecring ratio, it is probable that the most fruillirl
means of ohtaining a quicker response and reducirtg
tirne lag is by incca$ed ti le lateral stiffness. More
research is evidently requircd to relatc these basic
charactcristics to driver behavior in etnergency
manellvers before a true safety related specification
lor ltarrsiclt r0$p()n$e can be ftrrnrulated.

ESV developrnents fbr occupant crash protection
can! as i l lustrated in FIGURE 7, be incompatible with
thc recluircmcnts lbr irnproved handling and so the
lactors cotrsidered in this paper necd to bc taken into
account in the overall assesstrtent of a true Experi-
rrrental Safety Vchicle.

simulates a violent swerve to avoid an obstacle and
vehiclcs complcting the maneuver itr the shrlrtcst
period oI' tirne have been rated as the best. Progress
durilg development of a vehicle has to a large extent
been based on these results.

Chicane test comparisons do of course have to be
judgcd on the basis of a standard driver being used
and there is inevitably an unrealistic element when
such a driver is experienced in performing the task
and can rrrake stccrirtg corrections which normal
drivers worlld ncvL'r cxperience exccpt in an emet-
gency.

Tests ofl a curve at incrcasing values of lateral
acceleration are also inclrrded irr routine development
and these sometimes reveal eflbcts liorn interf'erence
with front to rear stiffrtess ratio caused by suspension
travel limit or bump stops. Cornering capacity and
breakaway characteristics are also assessed on surf'aces
havirrg low friction coef ficients. Frorn all these tests
the desree of understccr is established.

FIGURE 7

Practical Handling Tests

F'or rnarty ycars manufacturers have used skid pad
artd chicanc tests to assess hartdlirre. The chicane test

CONCLUSIONS

Steady state and transient response has been the
main topic for discussiorr in this paper because these
are thor.rght to be of prirnary irnportance and the
basis for a broader scope involving traction and
braking, and involving behavior on surfaces having
low friction coefficients.

In the c,onsiderations ofl transient response it is
felt that driver reaction to the re$poltse from an
initial transient input can reveal charactcristics which
are more representative of real conditions. The
exarnples given rnay be of use in presenting these
views.
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Analysis of recent accident data in U.K. has shovm ffil;'

that many accidcnts causing personal injury were
preceded by tire deflation or failure in otre of the
vehicles. This allied to the tact that nails or nail-like
objects will always penetrate tires - irrespective of

their construction - has led to the developtnent of

The Total Mobility Tire which is fitted to both of the

British vehicles at the Exhibition (slide l).

SL IDE  I

Not only is the deflation of a conventional tire
dnngerous in itself; it reduces vehicle mobility effec-
tivcly to zero and the fitment of thc spare wheel can

be hazardous in its own right (slide ?).

THE TOTAL MOBILITY TIRE

MR. HARRY KEEN, Manager

North American Tire Development Group

Dunlop Tire and Rubber Corporation
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SLIDE 3
An increasing percentage of motorists (particularly

women drivers) are incapable of changing a spare

wheel. The Total Mobility Tire is actually designedto

run with air and without air (slides 3, 4, and 5).
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SLIDE 6

With this technique it has been possible to improve
considerably the punctured running performance,
with the additional advantage of grcatly incrcascd
safety. The distancc a car can travel - after a
pullcture - goes up from (slide 6) about lll miles
(Zkm) to at least 100 miles (l60km). The speed of
travel goes up from 5 mph (8 kph) to 50 mph (80
kph) and driving is no longer difficult but is, by
contrast, quitc sal-c and easy, and instead of destroy-
ing a tire it is now normally reusable (slide 7).

i l  
, i 'r)1'rr ' l  .\ l

RUN FI-AT'
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',, ffiigf"r tyre flat from the ground ufnffardsliil
,i ,ConslUer norfimJ inttated conditir:n lster

SLIDE 7

Let's look at the concept in more detail.
First of all we designed the tire flat, without any air,
from the ground upwards (slide 8). And here's a

ss\\\,,,9 
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l  r  r r r r ,  ^  - - r  . i .,$\1,, ffirle'rtre ; w{th narrwr rim whichi$
llit automatically runs contrfllfy, r ,,']lirl\l
l$i, il$hen tYre flat

SLIDE 9

photograph of a cut-away tire which was taken in our

laboratories (slide 9).
The tire, of radial construction, has a wide tread

with a narrow rim. This erlsurcs that when the tire is
deflated the load is transrnittcd dircctly on to the
tread area and runs centrally under most normal

driving conditions (slide l0).
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SL IDE  IO

By firmly locking the beads in position when the

tire is both inflated and deflated, the cof,erent
structure oI thc tire is maintained. This technique
ensures full "colurnn support" for the load.

Internal tiiction, which of course is highly destruo
tive (slide ll), is eliminated by the use of a special

i N
Elirninate intemal destructive
friction by use of suitable lubricantqr
(Tyre aquaplanes irtemally)
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lubricant u;hich, though normally captive, is released
when the l ire is t lat. This lubricant also fulf i l ls sevcral
other lunctions. Firstly, it provides i l temporary seal
against a very high percentagc of normal punctures.
Secondly, it generatcs a small vapor pressure which
causes a slight reinflation and assists mobility and
endurance. And thirdly, it fult i l ls another function in
that it acts as a heat transfer agcnt from "hot spots"
to cooler areas of the tire Glide l2).
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SLIDE 12

The logical application of thesc principles leads to
the use of ir low profile radial tire, and ideally a 607a
ratio tire. The trend towards such low profile tires is
already very much irr evidence both in Europe and
the U.S.A. Here you can s&e the principal stages in
the progression of the tire profile. You will therefore
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see that our new development is in the mainstream of
tire technology.

So much lbr the tire itself. Ilut let us not forget
rim and wheel considerations" There are two basic
development areas. Firstly, thcrc is a design which is
virtually a rirn or wheel without a well, and most of
our initial developrnent work has been done with this
design. Sccondly, we are developing a demountable
wheel which allows the tire to bc removed liom it.
That is the background to our development which we
sec as a major advance in fte tire and wheel colrcept
(slide l3).

*offering for the first timc the mobility of a
vehicle designcd without a spare wheel.
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ANTI-LOCKING BRAKE DEVELOPMENT IN THE
UNITED KINGDOM

MR. P. OPPENHEIMER, Technical Legislation Allanager

Gir l ing L imi ted

I am privileged to present some highlights from
our developrnent work on antilocking brakes, as part
of the British contribution to the ESV program.
Several relevant papers by Automotive Products,
Jaguar Cars and Lucas/Girling are included with the
official U.K. Iiterature for thc ESV delegates and the
Press corps.l

History

The developrnent of anti-locking braking system$
originated in Britain rnore than 20 years ago. One of
the earliest examples was the Dunlop Maxaret device,
and in 1956 a Jaguar Mk Vll Saloon was equipped
with this system controlling the individual wheels. lt
quickly became apparent that the expected advan-
tages were achievable.

A film may be shown to illustrate these early
achievements.

Unfortunately, the relatively simple Maxaret unit
required an elaborate flrrw-type hydraulic braking
circuit and thus became too expensive to be mar-
keted. At a later stage, the Ferguson 4-wheeldrive
system was developed, which enabled a single
Maxaret unit to be used to control the vacuum brake
booster. This rcduced the cost of the system to more
modest proportions and enabled the Jensen FF
Saloon to be introduced in 1966 - the world's first
production car with anti-locking brakes.

Current Status/Hardware Avai lability

Despite these early successes, few commercial
applications of anti"locking systems have been real-
ized. In fact, it was only the recent legislative activity
in Sweden and the U.S. - cuhninating in the ESV
program - which has once again lbcused the atten.
tion on the development of anti"locking brakes.
Accordingly, several such systeills have been devel.
oped in the U.K. and are currently being evaluated by
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the manufacturers and the legislators. Two typical
exarnplcs of the latest eleclronic 4-wheel anliJocking
system by Autonrotive Products and Lucas/Girling
are exhibited hcre at TRANSPO on the British SSV I
and SSV ?, respectively .

Developments in Progrest

The ESV braking specification offers little incent-
ive to the devcloprnent of anti-locking brakes. This
has already been mentionecl by R. Cochrane at the
2nd ESV Corrference in Stut tgart.2

In order to achieve a real improvement in road
safety, the U.K. brake manulhcturers - and the vehi.
cle manufacturers - expect anti-locking brakes to
cope with a variety of other conditions, beyond the
$traight-line stopping requirements irr the ESV specifi,
cation.

For this reason, our development work is continu.
ing and we are investigating the performance of
antiJocking systems over a wide range of intrinsically
hazardous conditions in terms of road surfaces and
handling maneuvers.

I will briefly summarize the status of some of
these investigations.

The significance of locked whsels

Under normal, uniform surface conditions. the
consequcnces of wheel-lock are well.known:

If the front wheels lock, or if all 4 wheels lock,
then the car travels in a straight line. If orrly the
rear wheels lock, then the car tends to spin round.
If all 4 wheels do not lock at the same instant,
then the behavior of the car is dependent on the
timc interval between the locking of the front
wheels and the rcar wheels; if the rcar wheels lock
# second before the front wheels, this may be
sufficient to spin the car round.



But in practice, other road surface conditions can

occur antl lead to accidcnt situatitttrs. For exarnple,

icy patches or pools ul 'water are often encountered

and this can be simulated by testing the car while

straddling 2 differcnt surfaces.
Under tl 'rese conditions, when the front wheels

lock, the front encl of thc car tnoves across to the

higher friction surtace and providing the rear wlteels

are sti l l  rotatirrg, it wil l follow tlte trew directional

l ine and rcmaitt reasonably stable - because the yaw

angle ot' the car wil l not normally becortte excessive.

But if the rear wheels becotne lockcd across a

differerrtial-lriction surface, irrespectivc of whether

the front wheels arc locked or not, the car wil l

develop an exceptional degree of yaw, and dependent

on tlte speed ol'approach, it may spin round many

t imcs.

A film may be shown to illustrate these aspects'

Rear-wheel control

Rear-wheel anti-locking systems can provide stabil-

i ly under all conditions and good stopping distances
- even better than 4-whecl systelrls on risingJiiction

surfaces such as loose gravel and fresh snow. Further-

more, if the car is out of cotrtrol (through excessive

maneuvering), applying the brakes hard can help to

restore stabil ity, and thus cnsure fiontal impact witlr

minimum risk to the occupants. Any failure in the

anti-locking $ystem can provide an adequate residual

performance to meet the ESV specification.

Consequently, there is a strong technical argument

for the irttntediatc introduction of rear'wheel anti '

locking systetns, which would make a significant

corrtribution to road safety by elimutating accidents

due to rcar-wheel lock-up. Such systems are now

available to meet the ESV braking specii ication. The

resultant service expcrience in terms of reliabil i ty and

maintenance requirements would be invaluable
towards the eventual introduction of 4-wheel anti-

locking sYStems.

4-Wheel control

r 4-wheel anti-locking systems can provide control-

labil i ty, as well as lateral stabil ity. This enables the

driver to brake and steer in an emcrgency, witltout

recourse to the skil ls which are currcntly t lecessary to

executc such maneuvers sal'clY.
In theory, the 4-wheel system enables all the

available tire-to-road friction to be utilized and thus

provide the tnaxirnuttt braking potential. But in

practice, there are many fundalnental probletns and

technical dif ' f icult ies, sortte of which have so far

dci' ied solution.
For exarnple, steering control enables the driver to

over-demand in relation to the availalrle adhesion and

thus cr:rntrollabil i ty can lead to instahil ity; irt otlter

words, tlte potentially safer 4-wheel system can

become less safe than the rear-wlteel system.

On rising-fiiction surfaces - rnentioned previously
- locked wheels wil l always uchieve the sltortest

stopping distances * albeit without stabil ity or

controllabil i ty. Wrile 4-wheel systclns can provide

both stability and steeritrg control, further work is

needed to approach the optimurrt ctlmprolnise be-

tween steering and stttPPtng.
Another interesting aspect of our development

prograln concerlls the behavior on rough surfaces

(Fig. l). Wheel bounce can cause significant variations

in wheel rotational speeds and thus produce un-

wanted signals whiclt 'cotrfusc' the electronic inter-

pretation of the modulation required to prevent

whcel locking. As a result, the stopping distance can

be worse than if no anti-locking system is tltted and

much work is in progress to eradicate this deficiency.

Manual trartsrtt issions, which are sti l l  used on the

large majority of Europeall cars' pose some additiotral

probletns. For example, on rear<lrive cars, relcasing

the accelerator pedal at 40 tnph ilt 2nd gear ort a low

adhesion surface may cause the car to spilt round

DEVELOPMENT OF ANTI -LOCK SYSTEMS TO COPE

WITH ROUGH SURFACE$
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before the driver can transfer his foot onto the brake
pedal; a diff icult problem for the brake cngineer.

Extreme cold ternperatures can cause sluggish
operation of anti-lockirrg systems and furthcr work is
needcd to determine acceptable performance levels at
sub -zero ternperatures.

And evidence has been produced, which suggests
that radio-frequency interl'erence cannot be dis-
counted as an aspect which needs further investiga-
t ron .

Failure modes of 4-wheel systems are extremely
critical, because they could make the car more
dangerous than a car without anti-locking brakes -
and a cornprehensive failure monitoring/indication
circuit becorncs essential.

Various 4-wheel system conlrol combinations are
possible and Fig. 2 illustrates relevant stopping
distances on a 2:l variation of friction surfaces.
lndividual front-wheel control reduces stopping dis-
tances on a 2;l variation of f i iction surfhces. Individ-
ual front-wheel control reduces stopping distances by
about 20%, but individual rear-whcel control adds less
than half this improvement. Consequently, individual

front-wheel control with rearqxle control is usually
the best econornic compromise. The resultant pull on
the steering whecl is sometinres noticeable, but not
embarrassing.

Legislation and Performance Standardr

The legislative philosophy also has considerable
bearing on the design and development of anti.
lockilg brake systems. If any system deterioration is
to be anticipatcd, then a residual level of seruice
brakc performance must be provided in the event of
any single failure. Any such failure should be indi-
cated to the driver; and the effectiveness of the
antiJocking systent should not be dependent on any
component whose satisfactory function is not known
or which is normally at rest.

The proposed ESV specification performance
quotes 80% adhesion utilizatiorr olr surface$ from 0.2
to 0.8 adhcsion. In practice, it is very difficult to
verify these conditions; fbr example, the adhesion
characteristics are significantly affected by the tires
and the speed of the vehicle. We have lbund that the
most reliable and reproducible parameter for the
assessrnerlt of anti-lockirrg brake systems is the
"locked-wheel" stop. This datum measurement elimi.
nates the troublesome tire/road interface from the
variables, and in rrrad safety terms, it reproduces the
actual panic braking conditions in an accident situa"
tion.

With the same tire$ and on the $ame surface, all
cars achieve vcry similar locked-wheel stopping dis-
tarrces. We would suggcst that the addition of an
anti-locking system should not signilicantly increase
the stopping distance beyond the locked-wheel stop
and the overall performance should be within the
ESV specification. A failure in the anti-locking
system shorrld provide the 45% residual braking
efficiency - without skidding.

Additionally, there should be handling tests to
elaluate the anti-locking system performance during
panic braking on a curvcd track, on differential.
friction surfaces and during chicane or 'overtaking'

maneuvers.

The U.K. Government has already submitted such
initial proposals to the Economic Council for Europe
(ECE) this year.3

In conclusion, the British Motor Industry has
accepted the challenge of brake system development
under the ESV program and welcomes this oppor-
tunity o{' demonstrating some of our achievements
towards accident avoidance and general road safety.

COMPARSION OF CONTROL MODES ON
SPLIT CO€F. SURFACES
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AN ERGONOMIC APPROACH TO
INSTRUMENTATION

MR. W. W. BfSCHOFF Chief Engineer,

Instrumentation, Motor Accessory Division
Smiths I ndustries Limited

\

With road safety in mind the emphasis is on how
to make the driver's task easier, particularly under
dense and critical traffic conditions, so that he may
devote his attention wholly to the road. This is a
general problem, but the driver of the commercial
vehicle particularly at the hea4r end of the range, has
undoubtedly the most demanding job. These vehicles
require compTeheflsive instrurnentation fbr monitor-
ing the performance of a complex system. It is
therefore essential to produce the necessary inforrna-
tion in a form most casily assimilated. To start with,
those instrurnents which rcquirc liequent attention,
must be grouped together and positioned as close to
the driver's rtormal Iirtc of vision as road visibility
considerations wil l permit. Next, the layout o1'the
information display must provide instant recognition
of whether or not the service gauged by the instru-
ment is in a satisfactory condition or at risk- The
disposition of the various instrurnents relative to each
other is also important and should follow an accepted
standard to avoid confusion when drivers chanse
vehicles.

Because it is important to group only the most.
essential-tor-driving instruments in front of the driver,
some form of "collective warning" must also be
incorporated with the "driving instrumentation."
This warning device or attention getter ideally takes
the lbrm of a large brilliant red warning light,
sometimes coupled with an audible signal. If any of
the services monitored by the attention getter are at
risk the message is loud and clear:

"STOP! and then irrvestigate in more detail the actual
cause."

A layout of the "Driving Instruments" for a
commercial vehicle has becn conccivcd based on these
considerations. The important instruments are the
Speedometer, which forms the center piece, Brake
Gaugcs to the right, and Engine Gauges, Tachometer
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and Oil Pressure to the left. A warning light cluster
with large red attention getter is placed high up to
one side linked to sensors for;

Brake Pressure Low
Brake Fluid Low
Anti-Locking Brake Failure
Oil Pressure Loss
Coolant Loss
Tire Pressure Low
Power Take-off
Differential Lock
Stop Ligh t/Larrr p Failure

The first five of these services should also be
linked with an audible signal. Depending on the
special nature of a vehicle other serviccs might need
to be linked to the "attention getter." In the case of
Passenger Service Vehicles warning must also be given
when the door is jammed open, or when the
enlcrgency door is not properly closed.

The two green direction lights, thc blue high beam
and red no charge irrdicator lights complete tlle
driving instrumentation.

Itii,iir' 
r' iirit

ffiw
A number of other instruments are necessary or at

least highly desirable to provide the driver with a
check on services such as fuel contents, battery state
of charge, coolant temperature, oil temperatures etc,
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They should be located conveniently for the driver to
see when it is safe for him to do so. In addition to
these instrurnents there is a category of lights which
monitor services that are not subject to emergency
action but which require attention when convenient.
To quotc but a I 'ew: Low Fucl, Exhaust Temperature,
Air or Ojl Filter Pressure, Brake Lining Wear, etc.

These supporting instruments and warning l ights
can be collectively described as secondary instru-
mentation.

The choice of driving instruments is determined by
legal requirernents and/or because they are necessary
for safety and economy.

Except in the case of the speedorneter, the
information display for the various instruments is
determined by the type of service gauged and to
impart a message at a glance. Moreover, all pointers
aligned roughly in the l2 o'clock direction is signifi-
cant of all being well (again speedometer excepted).

The brake gauges are cirscale instruments because
in practice fairly large changes in pressule can take
place on braking repeatedly and a correspondingly
large pointer movernent will highlight this eff'ect and
will contribute to pre-warning the driver when the
pressure drop approaches the level where the emer-
gency warning finally takes ovet. The brake gauge
dials are color zoned. Green for norlnal and RED for
STOP. They project a message and do not require
interpreting l'aculties on the part of the driver.

The oil giluge on the other hand has a shorter
scale. I;trgc changes in oil pressure do not norrnally
take place except under engine idling c:onditions.
Therefore, when moloring, there is no abrupt cause
for pressure changes, and if the pointer strays from
the normal green safe zone, a fault is developing. This
prior warning will give a little more time to the drivcr
than the abrupl cmergency audio/visual signal pre-
ceding complete pressure loss. The scale shape dif-
ferentiates between the oil gauge and the brake

gauges. The color codel green for safe and red for
emergency applies to both. A nominal 60 mm
diameter is recornmended for both types of gauge.

The third category of driving instrument, the
revolution indicator, is required for diesel engine
applications. The dial zones for a specific engine can
bc selccted to give NORMAL indication for the
optimum speed range and danger zoncs at other
speeds to prevent over-rewing and uneconornical
driving. The revolution indicator is an 80 mm
diameter cirscale instrument. A large pointer move-
ment is desirablc to assist the driver to nraintain a
fairly constartt engine spced.

The speedorneter is the last of the driving instru-
ments and it is the most important! Whereas, at a
pinch, the brake and oil gauges and the revolution
intl icator could be omittcd, while sti l l  retaining the
ernergency warnings, as is the case on most private
cars, the speedometer remains essential. Its purpose is
more than to assist the driver in observing speed
limits. It is truly a navigating instrument without
which adjustrrlent of the vehicle speed to a safe value
at all times would be extrcrnely difficult and often
impossible.

The following are some of the variables which
individually and in combination influence the choice
of safe speed:

r Vehicle size
r Load
. Weather conditions
r Visibility
r Type of road surface
r Traffic density
r Degree of wear on tires
. Daylight, half light or night

With the speedometer plus the driver's skill and
experience an optirnum speed can be selected to fireet
most conditions. This may, of course, necessitate
frequent consultations of the speedometer by the
drivcr, and every time this happens he takes his eyes
off the road.

There are situations and weather conditions when
the driver cannot afford to look away from the road
and then he uses his judgment to assess his spccd, but
not always successfully.

We are all aware that poor visibility, fog for
instance, and night driving distort judgment of speed.
Also after spells of motorway driving when entering
ordinary road networks 40 rnph or 30 mph seem a
mere crawl. Relying only on driver instinct, the speed
judgment under such circumstances can literally be
miles out. The Road Researcl't Laboratory Specialists



have inrr€stigated these phenomena in depth and their
findings have been well publicized.

The soluti<ln seems to lie with some mean$ for
communicating speed to the driver whjle he rctains
his vision of the road ahead.

PERIPHERAL V IS ION AS A  DRIVER A ID

Drivers of commercial and private vehicles would
beneflt from the ability to rnonitor spced while
keepirrg thcir eyes on the road.

The private car driver is probably slightly hetter
off, in this respect, than his commercial equivalent, if
his car has a boldly styled speedometer mounted
close to the lower edge of his windscreen. This is
because he carr almost retain the pointer irr the corner
of his eye, once he has captured it, whereas the
commercial vehicle man must dip his visiorr line much
Iower to sce his speedometer.

We experience this effect constantly in everyday
life, without it we would forever walk into furniture
or larnp posts etc. It is defined as peripheral vision. In
effect it is seeirrg from the corner of one's eye, and
the perception of objects becomes stronger as they
approach more closely the dircct line or cone of
vision.

We can take advantage of the phenomenon by
designing expressly to derive maximum benefit from
i t .

The ideal circumstance is a matt black back-
ground against which a bold white beam rotates. This
display should be hooded and should virtually abut
the lower edge of the windscreen. lt should not be
cluttered either side by other distracting features.
Another requirement is large rnovernents for small
speed clmnges. We have established that a bold white
pointer with a squat triangular tail provides very good
peripheral perception ol'displacernent. With l0 rnph
change in speed per 90' angular deflection one can
readily observe speed without taking one's eyes off
the road. However, one must be able to distinguish
between 20 rnph and 60 mph or 30 mph and 70 mph.
One complete rotaliorr of the bold white pointer
signifies a 40 mph speed change.

A peripheral vision speedometer is effective only if
mounted fairly closc to the line of vision, and thus
imposes severe styling limitations. For this reason it is
not readily adaptable for commcrcial vehicle applica.
tion.

The peripheral vision range is by no means
constant. Sorne peoplc arc nlore generously endowed
with this capacity ilran others. Deliberate conccntra-
tiofl ofl something close to the limit of one's
peripheral vision can be a strain and tiring to the
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extent that the object may temporarily disappear
complctely. Another possibility is that some drivers
might incline to use the instrument like an ordinary
speedometer.

HEAD.UP DISPLAY

I have stated that under certain conditions the
only sal'c way to ensure that the driver has correct
knowledge of his vehicle's speed is to bring it to his
attention without causing him to look away from the
road. This is because shifting his eycs from the road
to tlte speedometer, focusing on this instrument and
then looking back to the road and refocusing takes an
ayerage 1.5 seconds time, and apprcciably longer for
the older driver. At 60 mph this corresponds to 44
yards or more of travel with eyes averted from the
road and a lol can happen in this distance.

We also know that judgment of specd under given
conditions can be suspect, and that disastrous conse-
quences rnay result from decisions bascd on incorrect
assurnptions.

Peripheral perception of a well-placed instrument
is practical only in limited applications, and even then



is dependent on the individual, whether he can or
whether he will accept the inlbnnation prescrrted to
him in this way.

Wtat then if we place an ilrrage of the speed right
into the roadway where the driver normally looks so
that it is just as easy for hirl to see as the lamp post
or pedestrian crossing ahead, and no more distracting
that such objects?

The TRRL had investigated this problem and we
were corrvinced by their dernonstrations and logic
that such an approach, if feasible for general vehicle
application, would present a break-through for safer
driving.

We were pleased and excited when the TRRL
invited us in nrid-1970 to undertake a development
contract for a prescnt day production design of speed
head-up display. The object was and is to project a
speed image into the windscreen very close to the
driver's line of vision, and to focus this image
sufficiently far ahead for the driver to see while
looking at the road.

In agreenrent with the TRRL we chose a Rover
2000 car for the exerci$e. The Rover by the shape
and rake of its windscreen was by no means the
easiest vehicle to deal with, and it was thought that if
a satisfactory solution could be found ibr this car,
then that solution could be adapted to other cars
fairly easily.

Our solution is simple to achietre with present day
techniques and lends itself presently to adaptation of
solid state devices. A speed irnage is provided by
passing a skeleton printed disc in front of a light
source. This image is then reflected by a suitably
shaped mirror irrto tltc windscreen. At least two speed
figures c.g. 40 and 50 appear together and move
relative to a datum. The sense of the movement
indicates rising or fall ing speed.

Cornplete collimation has been found impractical
because the windscreen is part of the optical system.
Any variation in the windscreen cuwature has a
pronounced effect on a distant focused image,leading
to irnage separation. However, a cornpromise ,teat
distance f'ocused image is rnore tolerant of windscreen
variations, and can still be assimilatcd by the driver
without refocusing his eyes.

Laminated windscreens lead to a multipliciry of
overlapping images. The phenomena can be over-
corne by a local highly reflective area in the wind-
screen. Econornical means for achieving such a
coating are currently under investigation between
TRRL, Smiths Industries and wirtdscreen manufac-
turers.

In the course of our development work we have
consulted specialists in optical systems and in ophthal.

mology, and we believe that our solution is accept.
able to the human eyc and does rrot lead to strain or
other undesirahle side effects.

The image intensity will be modulated auto-
matically against ambient l ight conditions with an
overriding intensity control to suit individual tastes.
Imag,: c,:rlor, t lrrough consullatiort and expcrirnents,
has been chosen as orange, with the possible refine-
ment of an additional filter for night driving.

The installation of the equipment requires some-
what more space than the conventional speedometer,
but it is anticipated that for new vehicle application
suitable provision can be made in the design of the
facia structure for its accommodation. The equip-
ment will also incorporate vertical irnage adjustment
to suit the eye positions ol different drivers.

A OIAGRAMMATIC REPRESENTATION OF THE
HEAD.UP DISPLAY $PEEOOMETER INSTALLATION

FAILURE WARNING . IMAGE

To make the head-up display truly comprehensirre
an emergency warning signal and a safe following
distance indicator should ideally be incorporated in
thc image projecled into tlte windscreen. The warning
signal is relatively simple to achieve and to project. lt
will take the lbrm of an intense warning light linked
only to these vehiclc services whose lailure or
impending failure constitutc a safety hazard.

The safe tirllowing distance or station keeping
indicator (S.K.lJ is under investigatiorr at the TRRL.
Extcnsive development work rnay be required to
producc a satislactory production solution. In princi-
ple, an inrage whose width varies with vehicle speed,
is projected into the witrdscreen.

The correct minimum following distance has been
chosen when the width ol' the car ahead appears
similar in size to the projected image. The safe
following distance is based on reaction tirne plus time
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for braking to become effective and should, we are
advised . be of the order of one second.

It is not in fact, the distance recluired to bring the
following car to a standstill clear of the leading car
subsequent to the latter striking an immovable object.
Following distance based on this type of considera.
tion worrld be impractical.

l. It would severely limit the traffic carrying capacity
of road systems.

2. lt would be difficult to enforce and the large gaps
at high speed rnight quickly be reduced by hedge
hopping traffic.

3. The braking distance is dcpcndent on a nurnber of
variables such as weather condition and road
surface which are quite independent ol'the car. If
we add to these the efl'cct of tire wear and an
acceptable spread of brake efficierlcy then we
realize that no brakirtg distance to rneet all
conditions could be specified.

However, a safe following distance based on
reaction time plus the time for braking to become
effective will ensure that following traffic is capable
of adapting itself to speed variation of the leading
traffic irrdependent of road and weather conditions.
Also small variations in vehicle width become less
important. ln the U.K., for instance the width of
privale cars varies no more than tlO% about a mean,
and commercial vehicles are marked at tlie back by a
yellow and red striped band equivalent in length to
the mean car width.

The station keeping image is likely to be in the
form of two parallel vertical lines focused well ahead
of the vehicle and spaccd proportional to vehicle
speed. It is important that this image remains true
irrespective of head movement.

European cars have a variety of curved wind-
screens, and we know from extensive investigation,
that the curvaturc variations for a given shape of
windscreen are likely to lead to unacccptable dis-
tortions of a variable size, distant focused irnage of
this type, distortions which are hardly noticeable and
not distracting in a sirnple speed hcad-up display. It
follows therefore that developrnent work on the
S.K.l. will include investigatiorrs and developrnent of
new windscreen manufacturing techniques to produce
a local controlled area into which the irnasc is
projected.

Two Rover cars have been equipped with STAGE I
prototype speed head-up displays. One of the cars lras
been with TRRL for some months for practical
a$sessment. The other car is a developrnent vehicle,
which has also been usecl occasionally for demonstra-

tions within the industry. The TRRL/S.I. joint
intention is to equip in addition a l imited number of
the rnajor car manufacturers' vehicles with prototype
inslallations so that a rnore intensive assessment and
evaluation of the speed head-up display can take
place.

In the meantime, we .are continuing with our
objective to produce a production design and costs
and final prototypes towards the end of this year.

VEHICLE DIAGNOSTIC EOUIPMENT

A growing number of sensors is being installed in
private and c<Jmmercial vehicles. The sensors related
to the perftrrmanse of expensive equipment on which
thc drivers' and other roadusers' safety depends will
certainly be more numerous and more sophisticated
for commercial vehicle applications. A l ist of the
services already rnonitored helps to get the situation
into perspective:

Brakes Speed
Btake t'luid level Engine overspeed
Reservoir low pressure Turbo charger over-
Antilock system failure speed
Brake lining worn
Parking brake

Coolants
Coolant level
Coolarrt tempcrature Exhaust temperature
Coolant loss Generator

Rear window demist
Oils
Engine oil pressure Lamps
Engine oil tempera{.ure Side/Sttyp ligl1
Eneine oil level failure

Other functions
Tire pressure
Air lilter pres$ure

drop



Differential oil
tcrn prcrat ure

Transrrrission oil
tenrpcrature

Torque converter
Icrnpcraturc

Headlights
Dipped l ights
Fog light
Rear fog light
Reversing light

0il i ' i l ter plessure drop

These sensors are now being used in warning
systems, but they have a greater contributiolr to
make. Analysis of the frequency and duration of
adverse conditions wil l help in planning proper
maintenance of the equipment and wil l also provide
the means for ensurirrg that attention is paid to
warnings when they occur.

Schernes are aheady afoot for diagnosing crindi-
tions with the vehicle stationary. This readily applies
to all level rneasurements and electrical continuity
and other electrical pararneters that can be evaluated
with a suitable inpul. Such schemcrs do not, however,
provide a feedback on conditions in scrvicc. Tu do
this a built- in recording system is required. We suggest
a chart recorder with l ine recordings on parallcl tracks
when a safe parameter is exceeded. The recorder
would be driven at constant speed only when the
engine is running, and would therefore servc also to
Iog engine hours.

The chart would supplement the information
obtained from engine statiorrary diagnostic equip-
ment to give an overall picturc o1' vehicle conditions
based on which the amount ol'scrvicing necessary can
be deterrnined.

A schematic for a comprehensive- on-board in
service rnonitoring systenl and a static plug-in system
have bcen produced.

An on-board rccorder with l2 tracks is proposed
with a solid state indicator lamp which remairrs on if
any one of the services l inked to the recorder has
been at risk. Opening the recorder to scan the chart
cancels the indicator l ight.

In the schematic we have linked to the recorder
sensors tbr;

Brirke lining worn
Coolant level low
Coolant temperature
high

Dif'f erential terlpera'
aturc high

Transmissiorr tem-
pcrature high

Exhaust temperature high
Oil f i l ter blocked
Air filter blocked
Engine overspced
Turbo charger over-

speed
Tire pressure low

Those services which are coupled to a visible and
audible warning on failure require immediate atten-

tion and would therefore not be
recorder e.g.

Low hrake reservoir pressure
Coolant loss
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Oil pressure loss
Antilock brake failure
Brake lluid low

The following services and components (from
those listed) would be connected to the static plug-in
diagnostic systern:

Brake fluid level
Cotllant level
Oil level
larnp failure/Stop
& side lights

Fog lights
Reversing lights
Turn indicator lights
Parking lights
Headlights

Rear window demist
Battery voltage at idle
Horn
Starter current
Voltage regulator
Battery charging current
Battery fluid level
Generator short circuit

current

The static diagrostic system has the further
advantage of providing a ready means for the initial
on-vehicle inspection of the devices linked to it.

There is scope for increasing the number of sensors
$o that the dirrgnostic system can be exterrded to
include all routine scrvicing functions. When this has
been done we shall have achieved the ideal situation.
Servicing (and this excludes major overhauls) will be
done by exceptiorr, and as a result of a weekly
computer check on the hard worked commercial
vehicle. For cars, normally a monthly check may be
sulTicient.

A further refinement would be to include the
means to monitor M.O.T. requirements compliance
with which is currcntly subject to annual certifica-
tion. This could be extertdcd to monitoring emission
control and other controls enforceable by legislation.

FUTURE I  NSTRUMENTATION

Now that Large Scale Integrated Circuits (L.S.ft)

are becoming available at low prices, it is possible to
consider electronic circuits of great complexity as
solutions to old problems. These circuits, though
complicated, represent in terms of reliability, stability
and robustness a simplification and irnprovement over
current practice.

Smiths Industries' Electronic Engineers have anti-
cipated the advances irr lntegrated Circuit manufac-
ture and have designed a "One Wire" Electronic
Control system for Switching and Telernetering Auto-
mobile Electrics.

All wiring on a conventional vehicle is replaced by
a ring main system consisting of a power lead and a
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control wire passing around the perimeter of the
vehicle. All electrical accessories are connected to this
ring at the nearest point via an electronic rntdule. A
control urrit situated at the dashboard is also con-
nected to the same ring.

A switch, operated on the dashboard control,
alters a particular code in a main sequence, trans-
mitted dowrt the control wire every millisecond. The
appropriate acces$ory elecl.rcrnic modulc detects that
code and stores the information. When the corroct
code is received four sequential times, nominally after
four milliseconds, then the accessory is operated. If
the accessory fai.ls Io operatc, a FAIL signal is
returned to the control module and a warning
indicator is illuminated.

A particular feature of the S.I. system is the ability
to accept analog or changing level signals. As an
example, a tachometer $ensor connected to the ring
at the engine ]ras a code location. This is detected,
again at the control unit, decoded and displayed in
the conventional way on an instrument. Further loca-
tions can be made available fot other instrumentation
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i.e. Temperature, Fuel and hessure gauges. Other
examples are shown in Fig. 8. The battery may also
be connected at any point. A break in the ring does
not stop the operation, on the same principle as
domestic ring mains.

The size of the integrated circuit modules is
estimated to be about I inch cube. They would be
complctely encapsulated and coded by their channel
numbers.

Once such a system is installed on a vehicle several
advantages can be demonstrated.

(a) I*ss copper wirins. Also the main power lead
could be rnade of aluminum.

(b) Sensors and accessories become easier to fit.
Panel switches pass only sigrral current.

(c) Unit automatically inrl icates nonoperation i.e.is
self-chccking.

(d) Connection of test signals to control wire rJuring
service can interrogate all accessories.

(e) Modifications and additions to vehicle electrics
can be made more easily.

(f) Signals front various sensor$ can control other
parameters i.e. Anti{ock Braking, Speed Control,
Automatic Transmission.
The loom fixturc costs would be greatly reducrd.
Eascs connection and discorrnection ol' trailer
electrics.

It is envisaged that within five to ten years such a
system could be litted to a vehicle and economically
replace all present wiring looms, plugs and sockets
etc., and produce a more reliable and rnore versatile
connection system,

A vchicle equipped with one;wire.control contains
a systcm through which all the services linked to it
can be interrognted for diagnostic purposes. An off
the vehicle computcr could be linked to thc system
probably at a coflnecting point on the vehicle corrtrol
unit.

Additional sensors for monitoring functions not
normally controlled or gauged on-board vehicle can
readily be connected to the one wire systenr in the
same way as an optional accessory. What is necessary
at the outset is to ensure an adequate nunrber of
coded functions is allowed for and that the sweep
frequency will accomm<.rdate them.

Another advantage of the Electronic one-wire
control system is the abil ity to rnonitor .. in service"
conditions, and to store any deviations from set lirnits
without a more conventional ontoard recorder.
When connected to the static diagnostic equipment
this stored information would also be released.
Naturally the on-board vehicle control unit would

become more complex to the extent of housing also a
memory system.

With an advanced vehicle electric system of this
nature it is highly probable tlrat the information
display will also undergo radical changes. Although
we have already established that the one-wire sysrem
will operate conventional readouts, these too are
likely to benefit from technological advances.

The ideal information display concept developed
earlier in this article can now be wholly achieverJ. In
addition to the speed head-up display and a head-up
warning when a crit ical service is at risk, only one
strategically placed display screen is required for all
other services. The advanrage is that the driver ofthe
vehicle can be aware of his speed without taking his
eyes off the road and traffic. At the same time he can
rely on having imposed, near his l ine of vision.
warning of critical services at risk. Therefbre nothing
vital need distract his attention frorn the road. When
he does want to check dashboard instrumentation.
there is only one place to look for.

The display screen would be linked to the control
unit of the one.wire systenl, and by exception would
display any service that happens to be at risk. For
instance, if the oil pressure had droppcd too low the
STOP warning would be llashed into the windscreen
(possibly coupled with an audible warning) and the
display screen would identify the service at risk and
in this case the actual oil pressure. When r less critical
service demands attention, one of two large warning
Iights, flanking the screen would light up, and the
screen would identify the service and indicate the
magnitude of the parameter interrogated. The two
warning lights are onc RED, the other YELLOW, red
being the more urgent.

Figure l0 shows "Low Fuel" on the display screen
coupled to the large yellow warning l ight.



If several services compete for the screen simultan-
eously they would appear sequentially with a dwell of
say 3 scconds.

The Head-up STOP light and the Red or Yellow
warnilrg l ights would stay on continuously.

Another function of the display screen would be
that under normal circurnstances, i,e. when no service
is at risk, the driver cor.rld monitor any one of the
connected seryices by push button demand. The

display screen would automatically be cleared after 3
$cconds.

Conceivably the display would utilize any one of
the solid state systerns currently under developnrent.
However, a display as flexible as the picture on a
television screen would obviously be rnost attractive
if corrunercially and technically viable. Certairily cven
todtry it is tcchnically possible to achieve very
compact solid state displays with l iquid crystals, l ight
emitting diodes and plasma panels.

2"M
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LIGHTING EOUIPMENT

Lighting is required on a vehicle in the first
instance frrr the drivcr to see by. It is also necessary
to provide tail lamps so that the attention of other
drivers may be drawn to thc cxistence of the vehicle.
To indicate driver mancuvers brake and turn signal
lamps are also fit led. Inevitably the use of these
lamps has an interaction with other road uscrs and
nrust be as inoffensive as is practicable.

The Lucas-Martin Load ltrrclling System

brr rG of rrTlqEAlql
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FIGURE

Modern headlamps are produced to tighter toler-
ances than was previously possible and to take full
advantage of this, accuracy of direction of the beams
is of the greatest importance, lt is expected that the
European requirements shall fall within the range of

SSVz ELECTR ICAL EOUIPMENT

MR. CHRISTOPHEF S. RAYNER, Chief Engineer

Electronic  Design Group,  Joseph Lucas L imi ted

1l1o from the nominal. The accurary of the system
installed otr the vehiclc is consistently 1/o" over a
wide range of loads itt any given application. The
system operates by transrnitt ing movenrents of the
rear suspensiorr through a cable to an integrator
which also receives signals from thc front suspension
through a lever system.'lhe integrator consists of two
buffer springs, a moving body, an inner tube and a
center rod. Tlte integrator computes the necessary
angular lnoventent of the headlamps and, by a lever
mechanisrtr, adjusts their attitude to maintain tltem
level.

FIGURE 2

Analysis of statistics has shown that the greatest
number of accidents for any given type of vehicle
maneuver involves turns across the oncoming traffic.
It is thercfore important to signal a driver's intention
in the clearest possilrle way. With t]re ambient
i l lumination varying many orders of magnitude, as it
docs, between day and night conditions the use of the

samc intensity of illumirtation for signalling lamps
must be a poor compromise. Two level signalling is
considerecl to be an improvement and legislation for
the compulsory iitment of such equipment to all new
vehicles in the U.K. comes into fbrce in July 1973.

Tr^ro-llsl Signalling $ptcm
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In such vehicles, the switching on of the driving
lights causes a relay to operate so that resistance is
introduccd in all signalling lamp circuits at the rear of
thc vehicle. Whenever these are operated uncler night-
time conditions a rcduction of glare occurs with a
consequenl improvement of conditions for other road
users. There is no reduction in output of the front
turn signal indicators for these must show up when
compared with the higher intensity of the headlarnps.

The variation in luntitrous output between day and
night conditions is in the ratio of 4:1.

Seeing distances at night in meeting and passing
situations are inadequate using convcntional head-
larnps. The automatic projector larnp has been devel-
oped with the object of providing illumination and
therefbre driver yisiott past the oncoming vehicle. It
augments rather than supplants the illumination
provided by the lowcr bcarns.

When there is no oncoming traftic a rectangular
high intensity beam is projected, but with the
approach of a vehicle from the oppositc direction an
image of the headlarnps is formed by the rcceiver on
the surface ofa photo conductive cell. The photo cell
signal is passed through an amplifier and energizes the
linear actuator movrng a shutter across the aperture
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until the shutter 'homes' on the image. Movernent of
the irnage is tracked by lhc shutter so that a second
shutter attached to thc l irst controls the offside edge
of the beam so as not to dazzle the oncorning clrivcr.
The remainder of the bearn is retained giving greatly
improved visibility without handicapping the oncom-
ing driver.

HEADLAMP CLEANING SYSTEM

Good visibility for the driver depends, not only
upon the provision of good optical systems and light
sources. but also upon the cleanliness of the outer
surlaces through which the light must pass. Accord-
ingly, there is a dernand frorn the rnotoring public lbr
equipmcnt to wash arrd clean the headlamps. Further-
more, lhe Swedislt Govcrnmcnt has cnacted legislar
tion for the compulsory fitment ol'such equipment
to new vehicles. The system fitted to the car uses a
windshicld wipcr motor to clrivc thc small heavily
loaded wiper blades which are rnade to traverse the
outer surfaces of the larnps. Simultaneously, water is
delivered to the surfaces by arr clcctrically operated
washcr. The equipment parks the bladcs clear qrf the
lenses when the wash/wipe cycle is terminated. The
system is capable of cleaning headlarnps so that when
salt, rubber and bitumerr deposits fronr the road have
reduced the luminous output below 20% of thut of a
fully cleaned headlarnp, an 8 second cleaning opcra-
tion raises the output to g0% of that of a perl'ectly
cleancd headlarnp.

FLASHER

Reference has already been made to the require-
ment for reduccd il lurnination of signall ing lamps
under night driving conditions. The detection of a
filament failure under these diffcrent clcctrical condi-
tions places higher dcrnands uporl the cquipment that
opcrirtes the turn signalling larnps. It is also important
that a closer control is maintained over the fiequency
of operation of these lamps and these two features,
together with the ability to operate all four lamps to
indicate a road hirzard ltave been incorporated in a
single electronic fl asher.

The particular equiprnent fitted to the car is
capable of operating three bulbs per side and can
indicate bulb failure even when two are being
dimrned. Filament failure is indicatcd by a doubling
of t lre flasher frequerrcy and it is dclccted by, in
elfect, rneasuring the resistance presented to the
circuit during the 'off'period of the cycle.

:
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AUTOMATIC ANTI.DAZZLE MIHROR

AlthoLrgh it is now some years since the autornatic
anti-dazzle mirror was first produced, impr<;vcd
knowledge and expertise in the use of scmi-
conductors makes this eqr.riprnent a dcsirable item of
safety equipnlent. A prismatic glass which is silvcred
for rtormal daylight use, has its attitude adjusted by a
photo conductive cell, associatcd amplif ier and
solenoid, when glare fiorn a following car's headlamps
is detccted. The changed attitude prodlrces a second.
ary reflection of reduced intensity and so provides
clear and comfortable vision of the following traffic.
A delay is built into the circuit so that the mirror
does not 'f lap'as the incident l ight varies in intensity.
A switch is provided on thc lower edge of the mirror
so that the driver rnay override the control if he so
desires.

VEHICLE CONDITION MONITOR

The system is capable of indicating a variety of
faults which can arise in the vehicle, by illumirratirrg
readouts and by giving audible warnings. Two dis-
plays, each indicating four conditions, are mounted
one above the othcr behind a single wirrdow. Bccause
four indications all occupy the samc position in the
window, only one of these may be i l luminated at any

one time, so a fault priority system must operate.
Any condition in the top display may, of course, be
i l lurninrted at thc sarne tir lte as any condition in the
boltom display. Signals are accepted l iorn the sensors
suitably distributed around the vehicle and these are
processed by the signal coordinater to suppress those
of lower priority and to providc the audible warning
when appropriate. This warning sounds as soon as the
fault occurs and automatically switches off after a
few seconds. A further fault causing a change in the
display wil l givc the audiblc warning again. In most
cases thc norrnal condition uf a sensor is indicated by
the passage of current through it. Failure is indicated
by interruption of this current, so that the system
'fails safe' and checks the wiring that is connected to
the sensors.

RADAR

Experimental work on the use of radar equipment
for headway control is currently in hattd with a

Q-band frequency modulated continuous wave radar
as the information source. An electronic"computer"
carried on the vehicle makes calculations based on
'*headway"and 

relative velocity, with respect to the
leading vehicle. Brakes and throttle are then auto-
matically adjusted to maintain a consistently safs
distance. Althoush the svstem works very well under

VEHICLE CONDITIOI{ MONITORING

HEADLAMPs stor.o"rs Fllfff

VEHICLE CONDITION MONITOR UNIT
LAI 9 FAILUBE. BFAKE FAILUFE.

F L U I D  L F V E L S

DISPLAY UNIT

B R A K E  F A D  W E A R

AUOIALE WARNING
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INTRODUCTION

Conventional suspension systems are esssentially
passive in character in that their posture, at any givcn
mornent is thc collective result of those forces that
have been applied since the systern was last in steady
state equil ibrium. An active suspension systerl by
comparison mainta[ns an optimum posture, regardless
of prior dislurbances and this can be achieved only if
it can call upon a powL'r source at lcast as great as the
power imposed by external disturbances.

Initial investigations into active suspension began
at Automotive Products in lg64 by the application of
a counter bankrng roll systern to the front axlc of a
typical small British passenger car. The purpose of
this experiment was to establish the subjective
reaction of passengers to such a device, and when this
was found to be gencrally favorable, we decided that
there was a casc lbr extending the experiment to both
axles in an effort to obtain some quantitive informa-
tion of the effect of such a systern on cornering
power.

This experiment was carried out on a Ford I-otus
Cortina sports car and resulted in gains in cornering
power in excess of 20%.

At this time in late 1966 the Rover CarCompany
became awarc of the work lhat we were doilrg in this
arca and suggested a joint cxperirnent on a Citroen
car which was chosen becausc the necessary system
could be more collveniently fitted to it than most
other then currerlt models, The Lrasic intention of this
experiment was to obtain correlation between theo-
retical cornputed performance and actual measured
performance, and in fact an extremely satisfactory
degree of correlation was obtained.

Encouraged by this rcsult ir was decided to design
a system fbr an experimental car based on the
tschnology lhus established ancl most of the detailed
devcloprnent that has takcn place since 1969 has been
carricd out on this vehicle.

ACTIVE RIDE CONTROL -  IT 'S CONTRIBUTION
IMPROVED HANDLING

MR. Wf LFRED N. BAINBRIDGE, ldanager

Product Development, The Automotive Products Group
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SYSTEM REOUIREMENTS

The required characteristics aimed at for this
suspension system were:

A low natural frequency
A constant attitude lbr the car regardless of load
A constant attitude for the car in roll and pitch
regardless of dynarnic weight transfer
A constant front to rear rl istribution of roll
stiffness to provide consistent handling under all
conditions
An optimum attitude of the tire to the ground
under all condil ions

THE $YSTEM

The system eventually developed is shown in
Diagram l. Essentially tlris system separates the
aspects of ride cornlbrt fiorn those of ride control.
The car is supported by hydro-pneumatic struts all
round in place of normal road springs and shock
absorbers. There is an engine driven variable delivery
pump which supplies high pressure fluid to three
valves. The two valves on the fiont of the car control
the front struts in roll, pitch and height and tire rear
struts in roll. The single valve on the real controls the
rear struts in pitch and height. Space lrrnitations on
the experirnental car init ially deterrnined the working
pressure at 31500 p.s.i. but subsequently it has been
found possible to reduce the system pressure to 2,000
- 2,500 p.s.i. to be conrpatible with other sub{ysrems
requiring hydraulic power.

Gas springs were chosen because of their gas law
compression characteristics which give a substantially
conslant natural frequency over the full load range.
The struts associated with them operate about a
corrstant mean length under all conditions of load and
advantage is takerr of'this to reducc the gas spring rate
to a mirrimurn consistent with available wheel travel.

4.

5 .



The three seffo valves controlling the car attitude in
ridc are high response units signalled from the mean
position of thc suspension relative to the body.

GEilERAL 8V8TET
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DIAGRAM I

A schematic of a typical control valve with its

associated suspension+lements is shown in Diagram

2. The three line servo valve is mechanically operated
and under steady state conditions it is rnaintained in

the central overlap position by a balance of forces
produced by the offset pendulum and the spring

which is attached between the pendulum and the

suspension. A damper is added across the spring to
provide a stabilizing velocity feedback. In effect this
pendulum mass/spring/damper arrangemcnt models
the vehicle suspension.

It is easy to see from the diagram that static load
change will be reacted by increasing or reducing the
pressure in the suspension struts atrd because of the
high response of the valve this reaction is very rapid
indeed.

CONTROL VALvE tr SUSENSION

DIAGRAM 2

SYSTEM OFEFATION

The dynamic perfbrmance of the system needs to

be considered in relation to three types of condition.

One Wheel Bump
Still considering Diagram 2. When the wheel passes

over a bump it is accelerated upwards and in doing so
it produces through the suspension spring/damper a
forcc accelerating the body upwards. The pivot of the
offset pendulum rnoves with the body and this would
leave the mass of the pettdulum behind but for the
input of the suspension wheel movement onto the
base of the pendulum support spring. This input
produces a force on the pendulum mass which
accelerates it upwards at the same rate as the car

body. Thus there is no movement of the valve and the

suspension stiffness is simply that of the air spring. A
typical response of the car to a 2 inch step change is

shown in Diagram 3.

Cornering

Returning again to Diagram 2 the action during
cornering is that the valve on the outer side of the
curve reacts to the increased load on that side ofthe
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vehicle and increases the pressure in the corr€-
sponding struts to balancc it irr rrruch the satne way as
for the static weight change. The valve on the inncr
side of the curve serlses a reduced load and allttws
pressure out of the corresporrding strttts. In addition
the pendulum has a vertical offset I 'rorn its pivot and
thus in conjunction with the lateral accclcration on
the car gives an additional displacernent to thc
suspension to cornpensate for differential tirc deflec-
tion. It is obvious that this latlcr eft 'ect could be
increased tcl give inward banking but our view is lhe
gains in tirc perfortnatrce and lunc clrarrge l l laneuvers,
which the systenr gives, would then be lost.

Diagram 4 shows the roll response of a car fitted
with the system compared with that ol' a similar
standard car, when a step input is applied to the
steering wheel.

Diagram 5 shows the dimensions of a test chicane
and listed below are the speeds at which various cars
can bc driven through by a standard driver without
hitting the rnarkcrs.

Fitch

The action of the system under braking or
accelerating is to serrse the tendency to change the

body/suspension relationship and to react to keep the

DIAGRAM 5

car in its predeterrtt ined attitudc. This is again very
similar to the static weight change reaction. Braking
power benefits because there is no carnber chattge at
the wheels. Pitching fiequencies are norrnally much
Iower than those in roll, and as the respunsc of fte
system is geared to the roll requirernents it is
perl'ectly adequate to deal with the demands in pitch.

CONCLUSION
Frt.rru a safety point of view the two most

important gains r-rf this active suspcnsion are first the
improved dcgrce of control during an avoidance type
of rnaneuver and second the large incrcase in cotner-
ing power. The absence of any f'eeling of delay or
over rcaction to steering wheel trtovements adds a
ncw dinrension to lhe concept rrf higlt speed control-
labil i ty. Both of these gains are without impairnrent
in the ride characteristics; indeed there are irnprove.
menls also in this rcspect.

Other bcncfits which should lbllow from this type
of systern are improved tirc lil'e, increased braking
perfbrmance and ol course constarrt headlight atti-
tude.

The system described is in principle in no way
limitcd to applications orl cars. It can offer advan-
tages on ccrti l irt types of cornmcrcial vehicle, on
puhlic transport and on rnil i tary vehicles. In addition,
having provided a high pressrrre hydraulic sysleul for
suspension purposcs it lrtakes sen$e to use it to power

a divided line brake systern, with antiJocking per-

frlrrnances, a high pressure steering system, clutch
operalion or in fact any other device requiring
arnplification of hutnan effort.
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We do not make vehicles but we carry out tests for
vehicle makers and also do background research on
the relevance of these tests. I shall not comment on
developments in vehicles but talk only about impact
test methods and the relevance of these methods to
the problems which they are intended to solve.
Vehicle impact testing on a large scale to legal
requirements is only a few years old and although the
severity and complexity of the tests laid down have
been increasing steadily this has beerr as a continuous
extension of the original requirements rather than as
a re-evaluation of these in the light of experience
gained in service. Such a reassessment will need to be
carried out before long and this paper is intended as a
contribution towards it.

Testing is always a compromise between what is
desirable and what is feasible. Arr ideal test procedure
takes only the essential features ofa real-life situation
and incorporatcs these in a simple and repeatable test.
In practice the requirements of realism and simplicity
conflict. Sometimes they conflict badly and then,
unless we are vcry careful, a dangerous situation arises
in which the tester has to choose between doing
something obviously stupid which will get him
through the test or doing something obviously sensi-
ble which will fail him. Even if we surmount this
there is still a further problem hecause it is perfectly
possible to have a good test procedure, ensure that it
is complied with sensibly and still do more harm than
good in the real-life situation.

None of this is an excuse for not trying but it does
show that it is rrecessary to check continuously
whether the tests at present being carried out really
improve the reallife situation. TlLis is not unique to
vehicle impact testing. It is always difficult to decide
which are the essential aspects of a complex situation
so that the assumptions underlying test procedures
are often in error. The more complex the situation
the less likely we are to get things just right in the
first one or two attempts.
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DEVELOPMENT AND IMPROVEMENT OF IMPACT TEST
METHODS

MR. M. A. MACAULAY, Head of Research

Safety and Ergonomics Motor lndustrv Research Association

There is no doubt that we have all become much
better at carrying out impact tests to the specified
requirements. We ourselves now do more test$ in a
month than we used to do in a yeer five years ago and
the rate is still going up. The tests are also much more
reliable and much more closely controlled despite a
considerable increase in complexity. Despite this
there are still drawbacks to the tests as tests regardless
of their relevance to the rcal-life situation. The main
one is that they are so unrepeatable that they are
extremely difficult to interpret..

This is due, at least partly, to poor definition of
the test requirements. The impact conditions for the
vehicle itself have been reduced in most cases to a
highly simplified and stylized test which is simple
enough to give repeatable results and yet realistic
enough to be acceptable to most people. The require-
ments for the dummy occupants have not been
clarified to anything like the same extent. As a result
the specification of these dummies is so loose in some
respects that perfectly legitimate variations in dummy
construction can have larger effects than any prac.
ticable modification to the vehicle or any foreseeable
change in the criteria for passing the tests. In other
respects the specification is so rigid that we are
hampered in using improved dummies even though
we know areas in which the present specification is
irrational and misleading.

A further reason for lack of repeatability is the
large number of variables which are left to the tester's
discrction. Vehicle makers have known for a long
time that it is impossible to get repeatable results
even when checking internal dimensions with a
simple, static manikin unless a clearly defined,
standard setting-up procedure is used. With the much
more complex impact dummies such a standard
procedure seems even more nece$sary but existing
procedures are inadequate and unrealistic. This is
particularly important as it seems very unlikely that



dummy occupants will ever be simplified to the saffie

extent as the vehicle impacts.
Let us now Iook at the next aspect of the problem

of testing. How realistic is the test situation? I have
chosen, almost at random, four examples to illustrate
what I think are tlte four basic problems in gettirrg a
good test procedure. The first is that it may not be
pr-lssible to get a satisfactory test to simulate a very
complex situation. A case in point is vehicle rollover.
I said earlier that in most cases the simplified impact
of the vehicle itself is sufficiently realistic to be
acceptable to rnost people. The basic reason is that
the overall dynamics of the vehicle in real life are
pretty simple. In rollover the overall dynamics are
mucll Inore cornplicated giving muclt more scope for
variations frorn test to test even in nominally identi-
cal conditions. As a result tesls which are sufficiently
simplified to give repeatable results are misleading,
tests which are sufficiently complex to give realistic
results are not repeatable and the bcst compromise
available to date is neither a very good test nor a very
good simulation. Nonetheless it may be the best that
can be done.

The second problem is that in some cases we do
not krrow what we are trying to simulate. A casc in
point is the neck of the durrury occupant. We know
that seat belts work well in servicet we know that in
impact tests using seat belts dummy head decelera-
tions are often higher than the regulations allow;we
know that one of the main factors influencing these
decelerations is the dummy's neck; we know lrow to
alter the necks to get the dumrny through the test.
What we do not know is what neck simulation we
should be aiming at and how relevant the head
deceleratiorts are to the situation anyway.

The third problem is that of rnisinterpreting the
available evidence. It is inevitable that this will
happen fiom time to time especially in a new area of
activity which covers a nurnber o1 existing disciplines
so that no one is an expert. A case in point is the
chest of the dummy occupant. Test results exist
showing the behavior of the human chest on impact.
Originally the dynamics of t lte chest on impacl were
misunderstood but I believe that they are now nruch
better understood even though nruch work remains to
be done. Test procedures were defined on the basis of

the original misunderstanding and there they remain
so that we are not allowed to rnake use of our
improved knowledge.

The fburth problem is that there can be a

divergence between passing the test and common

sense. For example onc of the criteria for passing the

test is the deceleration of the durnmy's head. In some

cases it is possiblc to get lowcr decelerations by

letting the durnmy strike its head on the steering

wheel rim but in real life this would increase the

damage to the driver.

Let us now turn to the final aspect oftesting. Is all

this activity improving the behavior of vehicles in real

accidents'] So lar I think we must say that we hope so

but we are not quite sure and we shall not know for

some time to come. We are all learning fast on this

aspect as well but it takes time ftrr evidence to

accunrulate, then it has to be analyzed and finally we
have to decide what it means. In a complex situation

this is seldom easy because so many things are

inter-related and there are few simple and obvious

answers. For example, in preJegtslation vehicles

drivers injure their chests on the steering wheels. ln
post-legislation vehicles the steering wheels and

columnr do not move back towards the driver on

impact and they collapse under load. What appears to

be colning out of current accident studies is that

chest injuries are reduced as was expected. But when

an unrestrained driver does not hit his chest }tard on
the steering wlteel he has to get rid of his kinetic

energy in sorne other way and the accident studies
indicate an increase in the severity of other injuries.
We nray still turn out to have improved the overall

situation but it is not so clear cut as it looked to

begin with.

I should like to end on a more cheerful note. I
have dwelt on problems rathcr than achievenrent$
because I believe that the problems are urgent and
need to be aired. It would have been more pleasant to
present a paper on our achievements which have been
considerable even though thcy all began life as a list
of awkward prohlerns rather like the otres I have just

outlined. I hope that we shall overcome our present
problems equally successfully but we shall not do this
by pretending that they are not there.
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SEAT BELT SYSTEMS FOR THE FUTURE

MR. E. NICHOL, Technical Director

Auto Restraint Systems Limited

INTRODUCTION

Passenger restraint system$ in the form of seat
belts have been in use for many years and their
effectiveness in reducing loss of life and injury is a
well estdblished fact. Historically there has always
been some reluctance on the part of the motorist to
use them. To some extent this can be attributed to
the difficulty experienced in fastening the older type
belts, togcther with the necessity of adjuslrnent of
both the lap and shoulder belt lengths orr fixed
systems. On some lirrger vehicles, the belted-in
occupant sometimes had difficulty in reaching for-
ward to opcrate controls on the fascia with ade-
quately tightcned belts. This rcstriction of movement
and the friction of the webbing on the chest of the
occupants undoubtedly discouraged the usage ofsuch
systems and has prejudiced many individuals against
seat belts generally.

In recent years there has been a substantial
improvement in the design of seat bclt systems. The
adoption of the three point belt used in conjunction
with a vehicle sensitive reel, thcilitates single handed
operation and by virtue of the fact that the reel is
only locked under conditions of more than 0.3 'g',

this allows the occupant some freedom of movement
although the belt is always tensioned by the reel
spring to climinate slack.

In the United Kingdom the benefits of seat belts
have been widely campaigned by the Transport and
Road Research laboratory. A great amount of work
has been carried out by this Governnrent Departrnent
to promote the improvcrnent of systefirs, to errcour-
age a greater usage and to establish their merit by
virtue of painstaking investigation into accidents and
the injuries irrflicted or] the vehicle occupants, both
with and without the use of belts.

For some years the TRRL has been intimately
involved in the development of passive seat belts and
Auto Restraint Systems Limited has been commis-
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sioned to further this development under a contract
to the TRRL granted during 1971.

SEAT BELT LEGISLATION

In the United Kingdom it has been a legal
requirement to fit seat belts to all new cars in the
front seat positions since 1967, although there is no
legal requirement f or the occupants to wear the belts.
Certain States irr Ausl.ralia have introduced legislation
for the compulsory wearing of seat bclts and initial
reports on the response to this requirement has
indicated a major increase in usage up to 70%. It will
be of world'wide interest to observe the longer term
effects of this legislation and its influence on the
reduction of road deaths and injuries.

The legislalion introduced in the U.S. in 1972
aims at | 00% usage of front seat belts by virtue of an
audible and visual warning which is cancelled when
the belts are fastened. This relatively simple system
can be cheated however, by those foolistr enough to
do so, by leaving the belts permanently plugged in
and sitt ing on thern.

The requirements of the U.S. Government for cars
manufactured aftcr August 1973, represent a major
change, not only to call for a more foolproof warning
system, which precludes starting the engine unless the
front seat belts are fastened. but also to insist on a
limited injury severity under specific crash condi.
t ions.

A further degree of sophistication is demanded in
the proposed legislation for August 1975, where one
of the options is a completely passive seat belt
system, calling for no conscious effort on the part of
the front seat occupants to fasten their belts, coupled
again with limited injury severity.

Some of the systerns under current development
to meet these requircmcnts are described in this
paPer.

\



DEVELOPMENT OF SYSTEMS
TO MEET THE AUGUST 1973
AMERICAN REOUIREMENTS

Seat Belt Configuration

The seat belt configuration favored for the August
1973 requirements is $hown diagramatically in Figure
l . The vehicle sensitive inertia reel is rnounted at the
base of the "8" post, while a pivoted loop is
prlsit ioned toward the top of the "8" post at the
appropriate height, the belt runs frorn the reel
through the loop and its extrerne end is anchored
adjacent to the reel. The buckle tongue is positioned
in this portion of the belt in such a ntallner that when
not in use it is retracted by the reel spring up to the
loop, being held by friction from sliding to the floor.
The buckle sockct is ntounted on a short length of
webbing which in turn is secured to the floor in an
appropriate position between and behind the front
seats. Preferably the buckle is mounted on the end of
a flexihle steel cable so that it is correctly positi<rned
to enable the combined shouldcr and lap belt to be
plugged into the buckle in a single handed operation.

TAF ATO SOULDER IEI I  SY6TTM TO MEIT fHI  AUdUST I ITJ  FEOUIRETETTS

FIGUEE I

Warning System Requirements

The purpose of the regulations is to make it
difficult to drive the car without the safety belts
properly fastened in any of the front seat posil iorrs.
To achieve this, two sensing switches are employed
for each fiont seat, one in the seat base to detect the

presence of the occupant and the second in either the
buckle of the sal'ety belt, or in the safety belt reel, to
detect that the seat belt is fastened.

An elcctronic logic circuit is connected to the
sensors, this recognizes which switch has been actu.
ated and rcmembers the order in which their actua.
tion has occurred.If the belt is left unfastened or it is
fastened before the seat i$ occupied, the starter of the
engirrc is rendered inoperative arrd an audible and
visual signal is given when an atternpt is rnade to start
the engine. Shoukl the engine be started and the belt
or belts then released the warning wil l be given, but
the operation of the engine wil l nut be affected

The audible and visr.ral warning is inhibited if
either the parking brake is engaged, or when the gear
selector is in neutral. lf an atternpt is made to start
the engine without any front seat passenger ade-
quately belted, the warning is also given with the
ignition key in the start position, irrespective of the
transrrrission switch position.

Once the belt or bclts have been correctly fastened
and the ignition switched on, the seat sensor is
rendered inoperative, to avoid the possibil i ty of the
warning being given should the occupant have raised
hirnsell' off the seat monentarily or become airborne
due to road surface irregularity.

To endeavor to ovcrcome the potentially dan.
gerous situation arising should the errgine bc stalled in
a hazardous traffic condition with a belt unthstened.
the engine starting systern is arranged to be operable
without interference from the belt interlock system,
within a period ol'not more than tlrrce minutes af'ter
the engine has been stopped.

To facil i tate servicing it is permissible to provide a
manual swilch in the engine compartment which
overrides the starter protection systern and allows the
engine to be sturted without thc belts being fastened.
The signal from the switch must be cancelled when
the engine stops, to avoid abuse.

In interpreting the regulations it appears that the
facitity of' starting the engine without occupancy of
any of the front seats is pernrissible, in which case the
under hood switch should not be necessary. The logic
circuit is capable of meeting this situation should it
be deerrred acceptable.

A block diagram showing the essential features of
the logic circuit is given in Figure 2.

The electronic circuit is of the cu$tom designed
integrated type, giving reliabil i ty and small siee. The
irrtegrated circuit is protccted against malfunction
owing to transient pick up, or damage due to
misconnection, by virtue of the inputs being fed in
via higlr value resistors.
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FIGURE 2

Seat Belt Iniury Criteria Requirementr

At the time that the original proposed American

injury criteria were announced, it was not known

whether seat belt systerrs could be developed to meet

the requirements. The rnost dil ' f lcult of these criteria

to satisfy was found to be the head severity index'

Preliminary evaluation and development of seat

belt system performance under crash corrditions has

been carried out on sleds as showrr in the photograph

Figurc 3. ln this test arrangetrlent two dumrnies of

similar type are tested on a two seat huck, which in

turn is llxed to tlte test facility slcd. The sled is

crashed into a barrier at 30 mph, its deceleration

being controlled to sirnulate the crash characteristics

of the vehicle under consideration. The majority of

this work undertaken to date has been carried out on

the Motor lndustry Research Association crash test

facil i ty at LindleY, in England.
It has been founcl generally tlrat the characteristics

of existing seat belts ltave not been optimized to meet

these specific requiretnents' Development currently

being pursued involves both webbirrg characteristics

and also the use of relatively inelastic parent webbing

in conjunction with additional elements actlng as

energy absorbers.
One of the energy absorbing elements which has

already given acccptable results is in tirc lbrm of "tear
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webbing." This webbing dissipates energy by tearing

apart two conventional webbings sewn back to back.

The material begins to tear at a predetermined

load and then extends progressively at a substantially

constant load of somewhat lower value.

Most of the development work undertaken with

this material was essentially involved witir passive seat

belt systems, but tear webbing catr also be applied to

conventional seat belt layouts, where it can be

conveniently disposed between the shoulder bclt

running loop ancl the anchorage point on the "8"

post or roof.



Typical crash test data is given in Table I below
where the results obtained with conventional seat
belts are compared with a sirnilar layout incorporat-
ing tear webbing.

.  rsLt I

H ht rr S0ndr - rrra iFrrur. ^ mdium sl6 - aqt Er

Mhd bh ryil.il lh.d gt*

HI

EIB
Emw

fr I

r9t6 r 5 ! 0 30 2h

s 2,250 tk
bnilh 12"
ld f f i rB .

s 3?6 a6 t7 1 m 251

@ 2,25d rB
trftjk 12
ld lffilbt.

rF8 a l 2 66 0 B rru ?1.1

It will be seen that the use of tear webbing has
given head severity index values substantially less
than 1000 on the old method of calculation. The
recalculated values based on the revised method of
calculation Biven in FMVSS No. 208, Docket 6!)-7;
Notice I7, results in substantially lower figures, Other
crit ical data, including chest acceleration, shoulder
belt load and forward head moverrrent satisfy the
requirernents; the latter obviously dcpcndent on the
space available in any particular vehicle. A typical
example is given in Figure 4, where the sled test
durnrrry position is shown superitnposed in an Austin
'Min i 'car .

DUMMY POSITION IN .IYIINI.CAF AFTER 30 IYIPH IMPACT

FIGUNE 4

Actual vehicle crash testing has been completed
with similar tear webbing energy absorbers, giving
values as indicated in Tabte I[.

The revised Severity Index criteria will permit use
of a higher load tear webbing which should result in
reduced forward hcad movement. Developmcnt with
this form of energy absorber is continuurg. Both
static and dynamic test of this tear webbing has
shown it to give consistcnt pcrfitrmance and there is
every confidence that the material is of adequate
reliabil ity ibr this crit ical application.

RESEARCH INTO PASSIVE SEAT
BELT SYSTEMS TO SATISFY THE
AUGUST 1975 AMERICAN REOUIFEMENTS

The purpose of a passive seat belt system is to
protect the car occupant without requiring him to
take any action to protect himself.

To achieve this the seat belts must be automati-
cally deployed in an acceptable manner around the
passenger atier lte has occupied lt is normal seating
attitude in the vehicle. Pret'erably there should be no
need for the occupant to adjust the belt or assist its
movernent. During deployment the belt should not
disarrange the individual's clothing or excrt any
undue pressure on the body.

The action of such a system must be reasonably
rapid and quiet so as to avoid irritation and there
should preferably be a means of inhibit ing the action
should thc cilr occuparrts wish to ocuupy their seats
when not motoring.

A wide variety of methods of achieving passive
belt deployment has been considered, a number of
which are described below.

Door Mounttd Reel wlth Siqlo
Shoulder Strap, Gombined with a .
Knee Restraint

This layout offers a low cost solution. A belt
sensitive reel is mounted in the lower rear corner of
the front door. the shoulder belt runs off the reel

TABLE II

Berrisr Crs$ T$$ rt 30 mph. Dummy - Aldenon 50 percrntile male

Vehicle Deceleration Old Severity
lndex

Forward Head
Movement inchet

Sports Car 879 peak 1 0 1 2 I  S.0
Sports Sedan 759 peak 9 1 1 22.5
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vertically to a loop on the upper rear edge of the door

and then diagonally across to a i loor mounting

between the front scuts. I l. is ltecessary for the

passenger to push the belt forward on taking up

position in the seat. Whcn the door is closed the

excess webbing is wound on to the reel. ln order to

give easier access, the reel is locked whcn titc door is

I 'ully opcnctt thus relievittg the tension in the belt. On

re-entering, the passenger does not have to push the

belt forward agairtst arty spring load frorn the reel. As

thc cloor is closed, however, t l 're reel is freed at a

suitable door angle thus tensioning thc belt ar,:rurrd

the body.
A single shoulder belt of this type necessitates the

use of a ktree restraiut to avoid "suhtrtarining." This
takes the lbrrn of an etrergy atrsorhing device designed
to l imit I 'crntrr load lo aII acccptirble level. generally

considcrcd to be of thc order of900 lbs.

As a refinernent of this system, to give easier

access and egress, a latch can bc provided adjacent to

thc"A"post ,  a t  i r ts t rut lent  panel  hc ight .  This  la tch is
exposed when the ignition is off. The passenger can
marrually push the belt I'orward and loop it on to the

latch. On re-enuy tlte latch withclraws when the

ignition is switched on, allowing the belt 1o assume its

normal position around the hody,
' l 'his system has been developed and patented by

the Trarrsport and Road Research Laboratory in the
United Kingdom. Figure 5 shows a diagram il lustrat-
ing tlre sy$terrl.

TRAI{5PORT AI{D ROAD RFSEATCH I.^SORATORY PASSIVE RESTRAII{T

llrch.nicrllyR.trrctidllool 0ool

FIGURE 5

Lap and Shoulder Belt

Combination with TelescoPic
Swinging Arm

A diagram of this system is shown in Figure 6 ' The

belts are mounted at two points on the rear edge of
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the front door ancl at the vehicle sensitive inertia reel

witich is situated lrctween t]re l 'ront seats. A motor'

ized swinging arln is also positiorted between the

front scats. The end crf this arm carries a loop through

which the belt passes, although no load is taken by

the loop or artn ilt norntal operation.

FIGURE 6

Wren the door is opened prior to entry, the arm

swings up attd over carrying the lap portion of the

belt urrder the steering whccl and forward toward the

scuttle. The belts on the door attachments also move

forward to allow passenger access. A certain amount

of webbirrg is clrawn otf the vehicle sensitive inertia

reel i ls the door is opencd ' Relatively clear access is

provided and when the door is shut the arm moves

back and the belt is drawn automatically onto the

bocly of the occupant under tlte influence of the

spring in the reel.
On certlt in vchicle layouts the space between the

steering wheel and tlte knees of the driver is very

limited and to improve thc operation in vehicles of

this type, the arttt is capable o1'extending either while

it is swingirrg or subsequently at the extleme limit of

its travel. The load exerted by the belt on the door is

transf erred from the door frame to the"B" post by a

suitable latch.
An alternative to this system has been developed

where space precludes the installation of the arm and

its operatitrg mechanism. ln this case the layout of

the belt is identical but it is pullcd forward toward

rhe scuttlc by means of a motor driven cord' The

cord pulls thc belt from the inertia reel, situated

between the seats, towards the scuttle and at the

same time it is Iifted upwards off the passenger's

knees. The motor and its associatcd pulley and limit



switches may be positioned in the engine compart-
ment, Entry and cgress conditions arc similar.

Lap and Shoulder Belt Combination
with Door Track and Control Cord Operation

One of the crit icisms that can be directed at the
systems already described is the diff iculty in cases
wherc the door can only be rnarginally operred to
allow the passenBer to squeeze in or uut, as rnigltt be
experienced in a car park. The shoulder and waist
belts in these circumstances partially restrict entry
and must be pushed fbrward slightly. By means of a
motorized track in tl ie door tlre trelt attached to the
rear base of the door can be directed forward and
upward giving clear access with the door lully or
partially open. Sinultaneously the belt is drawn
forward at the center by thc cord (or alternatively by
a motorized swinging arm).

The belts attached to the rear edge of the door
tend to close it due to the force excrled by the
retraction effort from the reel. With the door track
$ystem, however, thc I 'orce tendirrg to close tlre door
is minimrzed, due to the lact that the belt load is
applied at a much reduced radius relative to the door
hinge axis.

A photograph showirrg this system applied to a
small f our door car is showrr in Fisure 7.

' a \ t

FIGURE 7

SYSTEM DETAILS

Retractor Reel Requirements

The retractor reel is of the vehicle sensitive type,
but differs considerably frorn the normal design
hitherto used in the sltoulder anchorage location. Of
necessity i l  rnust be mofe robust to withstand hiBher

loads. Furthermore it must be able to resist these

loads whcn t l tere is  a considerable amount  of  webbing
wound onto the reel. It operiltes itt reverse mode to
the norrnal retrflctor reel in that the latter is only
fully loaded when there is relatively l i tt le webbing
wound onto it . Wth thc rrew reel, unacceptable wind-
up effccts can occur if appr-opriate precautions are
not taken by increasirtg tlre base diameter of the reel.

It is necessary also to control the locking 'g' levels

of the reel much more accurately than hitherto.
Parking on a hil l  catr cilusc proLrletns with a passive

system which would trot occtu with a conventional
seat belt, as inadvertetrt locking of the reel under

these conditions could he readily overcotne by
unlastening the buckle. As the usagc of a truckle is
corrtri lry tr:r t i te passive principle it is of course
necessAry to ensure that locking of the reel on steep
hil ls does not take place. Conversely it is necessary
also to errsure that the locking does take place
sufficiently early to protcct occupants during c-on-
ditions oi severe trraking.

It has been found that the tension characteristics
of the new reel require considerable modii ication.
This arises because the reel is, in ef'fect, called upon
to supply tcrrsion in two sections of the belt in
parallel and thus approxitnately twice the normal
tension is required. Furthertnore, with the new reel
the webbing is fully wound when the seat belts are in
use, irnd this ol course corresponds witlt the retractor
spring bcing in a conditiotr of rninimurrr wind-up. As
the actuating rnechanism of the seat belt has to
operatc against the tension characteristics ofthe reel,
it has been necessary to develop special means of
minimizing the load on tlte tnechanisrn. Nalurally the
tension tends to incrcase under these conditions,
because of reduction in el ' i 'ective diameter of the reel
due to unwinding, cunbined with the increase in
torque due to spring wind-up. Currcnt dcveloprrtent is
towards the ideal of a reduction irr belt tension as the
webbing is  wound of l ' the reel .

Choice of Motive Power

In the work on init ial prototypes, it was decidcd
to use an electric motor with suitable gearing to
provide the rncrlive power. This was done prirnarily to
achieve spccdy irrit ial results by placing teliatrcc on an
existing "in-house" experience of automotive window
lift applicution work. This decision was reconsidered
at a later stagc, agairtst the criteria ofoperating time,
basic energy requirement, and mechanical efficien-
cics. lt was dccidecl t lrat the operating time should l ie
within the l ir l i ts ol ' I to 2 seconds. This was soverncd
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by potential impatience of the occupant balanced
against the possibility of alarm arising due to a very
rapid acting mechanism. The energy output require-
ment is delined by the reel load characteristics
previously mentioned, together with the geometry of
the installation. A study of t lrese fhctors, coupled
with realistic mechanical efficiency assumptions,
enables a power output requirement to be estab-
lished.

Considerations of other means of powering the
system, such as vacuum operation or a direct
mechanical linkage to a door opening, indicated that
the electrical approach appeared to be the most
suitable.

Anchorage Point Integrity
and Adjustability

In mounting the $eat belt anchorages on the rear
edge of the door, it will be apparent that special
attention will be required to the strength of the
system. ln particular, attention has been given to the
upper anchorage, and designs have been developed
wltich depend on interlocking with the "8" post
structure. In effect the Ioads in most cases are
transferred back directly to the conventional seat belt
anch orage mounting point.

,d special problem arises in the case of smaller
children where the position of the diagonal portion of
the scat belt is often too high, tcnding to cross the
face or neck. It was, theretore, deemed desirable to
develop an adjustable shoulder anchorage. The faci-
lity lbr adjustrnent in this manner also provides
advantages in respect of the cornfort of adults of
different sizes. Details of this adjustment I'acility are
shown in Figure 8.

Emergency Balt Relea$e

It has been explained that the characteristics of
the inertia sensing mechanism in the reel are tailored
in such a manner that tlre reel does not lock even
when the vehicle is positioned on severe gradients.It
is, howevcr, possible that abnormal vehiclc attitudes
may be experienced due to accident or other condi-
tions. In these circumstances the inertia sensing
mechanism would lock the reel, and because of the
attachment of the other ends of the webbing to the
door, the egress of the occupants would be prevented.
To cover such a contingency, prototype installations
have been equipped with a nrodification of a normal
seat belt buckle in the lower door anchorage point.
However, attention on seconcl generation systems is
being given to developing means of releasing the reel
locking mechanism itself. lt is reasonable to $uppose
that these means of emergency release should be
capable of actuation by rescuers from outside the
vehicle in the eventuality of the occupants being
unconscious. This raises problems of a concept of an
external release which is obvrous in function and at
the same time compatible with styling concepts,

Control Circuits

The operation of the seat belt system has hitherto
been automatically linked to the door opening by
means of a switch, such as is normally provided for
the courtesy lights. This has been fburrd to work very
well in practice, but there are certain conditions
under which it is desirable to achieve the manual
override of this automatic operation. Situations
calling for this facility might for instance include the
desirability of achieving additional freedom of move-
ment when taking refreshments within a parked car.
Another would be the entry of a passenger into a
vehicle carrying a small infant. A push button system
is provided to achieve this facility and has been
designed to be "lail safe" in that the belts are
automatically applied when the car is driven even if
the appropriate push button is inadvertently not
depressed.

The system$ are protected by current overload
switches to prevent damage to the motors in the
event of the mechanisms being stalled.

In the case of the cord actuated system, protection
switches are included to obviate damage should
interference with the cords accidentallv or deliber-
ately occur.
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PASSIVE SEAT BELT
INJURY CRITERIA

lnjury criteria requirements have been discussed in
relation to conventional seat belt systems earlier in
this paper. Identical requircments are demanded in
respect o1'passive seat belts.

Energy Absorbing Systems 
i

As previously stated, the investigation of the
characteristics of tear webbing was urit iated on
passive seat belt layouts, where it is generally possible
to accommodate the tear webbing in the shoulder
belt portion of the belt adjacent to the shoulder
mountirlg poirlt.

Exarnination of Figure 3 reveals the tear webbing
which is white in the shoulder belt portion of the
parent belt, which is itself black. The tear webbing is
stitched to the parent webbing in such a manner [hat
a loop ol the latter is left in parallel with the tear
webbing. When the tear webbing "gives" and absorbs
energy it is important to have an adequate length of
the material to avoid complete separation as this
woulcl then bring the parent webbing loop under load
and possibly init iate an increased rate ofdeceleration
of the body.

Experiments have been carried out on tear web-
bings with rating fiom 800 to 1500 lbs,, and over a
range of length from 6 inches to l2 inches, Further
evaluation is continuing with lower extension parent
webbings.

Development work with energy absorbing parent
webbing is also being undertaken. In this case the
energy is absorbed by the dcl'ormation of the
webbing itself which results in permanent extension.
As would be anticipated, those sections of the belt
which do not contact the body are subject to higher
loud, and conversely, the length of helt in contact
with the body is loaded to a lesser extent by virtue of
the friction between the webbing and the passenger's
clothing. Satisfactory test results have been achieved
in conligurations which givc a rclatively long length
of free webbing.

Other forms of metal deforming energy absorbers,
reel clutches etc., are also under investigation,

Testing Techniquer

Most of the test work reported has been canied
out at 30 mph. It has been found essential to ensure
as far as possible that the condition of the dummies
employed is consistent, in particular the neck con-

dition can seriously influence the head acceleration
criteria. Identical test runs, in which two dummies
were tested on the sarne sled simultaneously have
resrrlted in widely diff'erent head scverity values,
although chest deceleration and belt loads were
comparable. This has emphasized the necessity of
checking the calihration of the dumrny neck between
each test run.

The condition of the seat has also been found to
affect rcsults artd wherever possible the seat should be
renewcd or at least reconditioned regularly to elimi-
nate a further variable.

Characterirticr of the "ldeal" Passive Belt Material

The conclusions drawn from tests completed to
date point to the following requirements:

l. The belts should be as tight as is practicable at the
time of impact. This ensures that there is no
forward rnovement of the occupant relative to the
vehicle during the crush period, which results in
appreciable "ride down" energy dissipation before
the energy absorbing device comcs into action.

2. The shoulder portion of the belt should init ially
have a low extension but should then yield and
continue to absorb energy at a relatively constaflt
load. A typical dynamic loadirrg curve for tear
wcbbing is given in Figure 9.

3. For a given vehicle installation, the energy absorb-
ing device should be designed to take advantage of' 
the maximum lorward movement of the head and
upper torso.

4. Use of a low extension parent webbing tends to
reduce rebound and neck whip of the occupant.

DYNAMIC LOAO CHAFACTERISTICS
FOB TEAB IiVEBEING ENERGY ABSOBBEBS
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coNcLUstoNs

A reliable and relatively foolproof electronic warn-
ing system can be provided to meet theAugust 1973
requirements. When the system is used correctly the
warning is never heard and recent additions to the
specification should eliminate certain possible lrazards
and avoid problems during servicing.

By the use of energy absorbing devices the injury
severity criteria can be met with combined lap and
shoulder belt configurations. The recent change in the
American method of calculation of the head severity
index appears to reduce the original figures by 20 to
30o/,.

The development work on passive belts which has
already been completed indicates that systems can be
devised which are reasonably acceptable to the car

driver and passengers in terms of ease of entry and
exit, mcthod of actuatirln and subscquent comfort in
use. The presence of the belt system in the vehicle
may impose some limitations on the occLrpants in
such matters as access to the driver's seat from the
nearside, nlthough this is already impracticable in
many European cars, Further rellnelnent of such
systenrs is being pursued, together with the develop-
ment of errergy absorhing media to reduce maximum
head deceleration and hence injury severity values to
confirrm with the values required by the American
Authorit ies.

As an alternative to the air bag the passive seat belt
offers certain advantages. It restrains the occupants in
many conditions of deceleration. Its protection in
conditions of roll over is possibly superior to that
offered by the air bag and in case$ of secondary
impact the occupant is sti l l  restrained.
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INTRODUCTION

As a result of negotiations between the Brit ish
Government's Transport and Road Research Labora-
tories and British Leyland Motor Corporation, the
latter have recently ulldertaken a number of safety
projects based on the TRRL's sub-system approach to
thc ESV concept.

Work began on four of the projects at the end of
March, the tifth is due to start at the end of this
month and a sixth is under negotiatiort.

In all we plan to expend approximately 75 man
years in development tirne on the combined projects,
witlr target dates varying between I Il and 2',h years.

The main objectives have been formulated by the
Transport and Road Research Laboratr,rry based on
their analysis of road accidents and injuries in the
United Kingdom. Although conceived as separate
sub-systems we shall of course take into account the
inter-relationship of one project to another during the
development program.

In addition to associated safety features the
projects will be studied with respect to ergonomics,
consumer acceptance, availability of materials, cost
eff'ectiveness and I'easibility with respect to mass
production,

Injury patterns and other biomechanical data,
required for the establishment of test criteria, wil l be
provided by the Transport and Road Research Labo-
ratories from their analysis of injury and accident
situations.

In all but one project the development work will

be based on the 1.8 rear wheel drive Morris "Marina",

with a laden weight, inclusive of 2 dumrlies of'2385
Ib. Where relevant we shall consider both the 4 and 2
door versions,

Our brief then is to develop, for each project, one
or more I 'ully tested prototypes suitable for quuntity
production, indicating where possible the benefits
likely to be derivecl from their partial or complete

TRRL/BRITI$H LEYLAND EXPERIMENTAL SAFETY
SUB-SYSTEM CONTRACTS

MR. P.M. FINCH, Manager

Test and Development Body and Assembly Division, Brit ish
Leyland (Austin-Morris) Limited

adoption, together with a consideration of their cost
effectiveness.

Itriclly the project proposals are as follows:

We are committed to carry out a series of
investigations into various aspects of safety in l iontal
impacts. Tlre fbllowing wil l be considered;

l. Pedestrian lmpact
In tlrc United Kingdom approximately 247o of
injury producing accidents involve pedestrians. Of
these, rnany are at a comparatively low speed, yet
still result in serious leg injuries as a consequence
of bumper impact. Our airn therelbre is to improve
the location, shape and energy absorbing proper-
ties of tlie burnper l'ace with respect to this
problem.

2. Vehicle to Vehicle Energy Absorbing System
Here the objective is to investigate the reduction
of low speed vehicle damage, using various form$
of recoverable and non-recoverable energy absorb-
ing systerns. Under this heading we shall also

FRONT END STRUCTURES

TRF.L PFOJECT 3 OBJECTIVES TO INCLUDE

A. Fleduction of p6d6Btrls Iniury

B, Fltrov€rabl€ & non-r€covefabls enorgy Sb8sbtng strmture

c. Pres€rvation of p83s6ng€r compartmdnl idtegrity

FIGUNE I
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consider the development of a replaceable front
structure in an effort to reduce repair costs.

3. Aggressivity
Hcre we are cencerned with a reduction in the
aggressivity of the bumper system particularly
when invoived in side collisions with other vehi.
c  Ies.

4. Occupant Protection

Finally, for high speed collisions we shall concen'
trate on a reduction in passenger compartment
intrusion and occupant compartment decelera-
tions.
Although we plan to conduct barrier impacts at 50
mph at all stages, our main design effort will be
expended in developing a survivable structure lbr
around 40 mph impacts. According to Dr. Murry
Mackay's study of accidents on Brit ish roads,
approximately 80% of frontal vehicle impacts
producing occupant injuries involve vehicles crash-
ing at speeds which result in structural deforma-
tion equivalent to 25 rnph barrier tests or lower
(Figure 2). lncreasing the equivalent barrier speed
by 60% to 40 mph covers 95% of such accidents.
Currently vehicle legislation is centered around 30
mph barrier impacts. At this speed the kinetic

FIGUBE 3

It will of course be appreciated that the 40 mph
barrier test reproduces the damage resulting from
two like vehicles crashing head on with a closing
speed of 80 mph. So that the barrier test is in fact
more severe than at first appears.
Coupled with the problem of maintaining occu.
pant survival space is the nced to control the
passenger cotnpartment decelerations to a tol-
erable level.
To achieve this will require a considerable increase
in the size, weight and cost of the vehicle; we
consider therefore tltat we should be prepared, if
necessary, to accept a lower survival impact speed
as a first stage in the development ol' the ma$$
uroduction Safetv Vehicle.

SIDE IMPACTS

T.fl,IL. Pf,OJFCT 4 OBJECTIVES TO INCLUDE

A. R6duction of interior intru8ion

B. Energy abaorbing inn€r door ancl oid€ panolg to roduce
impact  in ju ry

FIGUBE 4

In the United Kingdom, vehicle-to-vehicle side
impacts and single vchicle side impacts into roadsidc
obstacles, account for 22% of injury-producing acci.
dents. This project is concerned with the reduction of
these injuries, which tend to fall into two categories:

FBONTAL ACCIDENTS

Ferc€ntagd ol f 
invdlvd v6hlcl6r lmpacting

trcuprnt lnjury | !t Bp6€ds rqulvrlGnt to

producing accldfftr .J barrlor t€rtr of -

Eoozo up to 2E m.p.tr

es qb up to 4c| mplr.

FIGURE 2

energy of the Morris"Marirra" is around 72,000 lb.
ft;at 40 mph this wil l increase by 78% to 128900
lb.  f t . 'and at  50 mph by l78o/"  to  200,000Ib.  f t .
(Figure 3).
In other words,to coyer that part of the remaining
5% of British frontal collisions that are equivalent
to barrier impacts between 40 and 50 mph, we
must design the structure to absorb up to 56%
more kinetic energy than is required to cover the
95% which does not exceed the 40 mph barrier
equivalent.
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2.

l . Injury due to crushing the occupant by the

intrusion of the side structure.

Injury due to secondary irnpact with the internal

structure.

The problem therefore is to increase the stiffness

of the doors and side structute in order to l imit t lte

intrusion, and to provicle an energy absorbing interior

to reduce the impact fbrces imposed upon the

occupants.
During impact tests involving both pole and

mobile barrier, the occupant injuries wil l be evaluated

using a dummy developed by TRRL and equipped

with load cells clesigned to nreasure latcral forces on

the shoulder, ribs and hip in addition to accelerom'

eter$ measuring the head, thorax and hip accelera-

tions.

OCCUPANT HEAD PROTECTION

TRF.L. PFOJECT 6 OBJECTIVES TO INCLUOE

A, R6ductis of fscial iniuri66 fm windgcroen E surri lnd

B, lmprov€ endrgy absorbing prop€rtiGi ol trim & Btluctur€

in h€ad imptct ar6as

FIGURE 5

In automobile accidents head injuries occur with

greater fiequency than other forms of seriou$ trauma.

This particular project has been directed at the

development of the interior of the occupant compart'

ment to mitigate such injuries.
To this end we have been set two main problems:

l. Aimed at a reduction in the $everity of head

injuries in general by means of modified trim and

$tructural members. However, it is recognized that

a compromise wil l be necessary with respect to

driver vision and rollover requircments.
2. A reduction in facial injuries due to impact with

the windshield surround.

This project is concerned primarily with the

protection of the lower limbs during frontal impacts'

in particular the knees, femur, hip and pelvis'

As with the previous project our tlajor coflcern

will be for the front seat occupants as being those

OCCUPANT LEG PROTECTION

TRT.L. PFTOJECT 7 OBJECTIVES TO INCLUDE

A R6duction ol l€9. kn€€ E hip iniuriG

B lmprov€ €n6rgy absorbing prdp€rti€8 of tttn Eitluctut

in 169, krus & hip impact areas

FIGURE

most likely to sustain the more severe injuries, and

being most frequently involved in accident situations.

From the TRRL's atralysis of current injuries and a

study of dununy kirtematics during vehicle sled tests,

we aim to design the interior structure and trint to

absorb a signil icant amount of the occupant kinetic

energy within tolerable levels, through the knee,

femur and hip comPlex.

FI6URE 7

In Europe steering column systems fall into two

main catcgories t.e.
l. High rake systetns - such as fitted to the British

lryland'Mini'
2. Low rake systems - such as fitted to sports cars

Although both systems meet current legislation for

impact crashworthfuress, analysis has revealed that

where injury does occur, the two systems produce

different injury patterns. The high rake systems

produce injuries concentrated around the face and

STEERING COLUMNS

TRRL. PROJECT A OBJECTIVES TO INLLUU

A. LOW ANGLE COLUMNS to ifip@w deg/ffi ot st#ring

6tJmn @llEose tr imp#i, reducing fdce and chdst injuri€s

B, HIGH ANGLE COLUMNS to rmprove atti lude of steering

wheel on rmtract. reduclng lacB 6nd chost iniuries
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upper thorax, with the low rake systems resulting in
irt jurics to the lower thorax and abdornen.

This project will endeavor to dcvelop both systems
to improve their performance beyond l.hat which has
been achieved by the irrtroduction of current energy
absorbing systerns.

Durirrg the developrnent the systerns will be
evaluated mainly by means of sled impact tests using
the MIRA/OGLE dummy, modified to measure rib
cage loads and deflections and facial injuries in
addition to the acceleratrons.

For the high rake system development we shall
utilize the British Leyland "Mini" and for the low
rake a MGB sport$.

FIXED SEATS -ADJUSTABLE CONTROLS

TR,F.L. PFOJECT 6 OBJECTIVES TO INCLUDE

A. Boduction in side intrusion iniurids

B. Fixed safety seats and adiustabt€ clriver contrdlB

FIGURE 8

This particular project is still under negotiation
with the Governrrrent- Jt is all ied to the Side Intrusion
Project No. 4, as its ultimate aim is the maximum
protection of occupants from side impacts.

It is recognized that in addition to strengthening
the doors and side structurc it rnay be nccessary to
brace both side panel assenrblies together in order to
prevent their overall collapse.

One approach is to design this brace as a fixed seat
structure. This conccpt offers other advantages, such
as the optimum location of the occupants relative to
the restraint system and interior structure togcther
with thc possibility of olfbring a degree of arm chair
protection against impacts and intrusion in general.

To accomrnodate the differing sizes of the driving
population it will therefore be necessary to provide
for adjustable hand and foot controls.

G E N E R A L

As mentioned previously the projects have been
planned for completion within 20 to 30 months.

2-1 16

The next slide (Figure 9) shows, in a simplified
form, a typical progress plan and indicates the main
developrnent phascs. Each project begins with an
evaluation of the performance of current designs in

TYPICAL PROJECT PROGRESS PLAN

FIGURE 9

the required impact situation. At the same time
computer simulation techniqr.res are uti l ized to help
deterrnine design pararneters and the effects of
various modifications (Figures l0a, 10b and 10c).

During this initial stage the design, and later,
the manufacture, of the lust phase prototypes

FIGURE l0a

SSIC MOOEI OF 6IOE IMPACT SIMUIATIil
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INTRODUCTION

The special problems associated with improved
occupaflt protection in side impacts are well known.
By comparison with frontal impacts, tlte door and
side structure of cars offer only limited space in

which to provide structural strength and energy
absorption. It is also possible for the occupant to be
closer to the point of impact than in any other type
of accident, except, perhaps, rollover. It should be
noted that this applics Iargely to those occupants on
the impact side of the vehicle, for whom seat bclts are
ineffective. In contrast, a lap and diagonally belted
occupant on the far side liom impact is fairly well
protccted, and tlte universal wcarirtg of scat belts
would eff'ect an important reduction in injuries from
side impacts.

ln terms of overall statistics, Figure I shows that
side impacts constitute almost 30% of all injury.
producing accidentsr and Figure 2 shows that rnore
than half of these are vehicle to vehicle impacts.2 It
can also be seen from this figure that the breakdown
of latal and serious injuries is very similar to the
breakdown of accidents. Tltc grcatest poterrtial gain,
thereftrre, lies in reducing thc effects of car to car
impacts. This approach is also the most cost effective,
since it is even more difficult to mitigate the effects
of truck and fixed object impacts.

SIDE STIFFNESS AND
INTERIOR PADDING

Occupant protection in side impacts is dependent
on both the form of restraint employcd artd the
vehicle structural strength. For the occupant on the
impact side, the short distance between occupant and
impact renders ineffective most of the systems
currently used for protection in tiontal impacts. Seat
belts cannot offer enough lateral restraint to head and
torso, arrd current air bag systems are too slow, both
in sensing the impact and inflating the bag. The most

2.1r8

OCCUPANT PROTECTION IN SIDE IMPACTS

MR. M. RODGER, Principal Research Engineer
Ford Motor Company of Britain
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FIGUEE 2

effective type of restraint is therefore a form of
energy absorbing padding, which, while technically
possible, has the disadvantage of permanently taking
up space inside the car. This space may have to be
paid for in reduced occupant comfort. The alternative
is an undesirable increase itt tlte overall widths of cars

ACCIDENT DISTHIBUTION
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on our already crowded roads. Exactly how much
space wil l hc required is at this stage uncertain,

because of l imitcd hutttan tolcrance data on side
irnpacts. American studies have indicatcd that lateral

tolerance limits may be ntuch lower than longitudinal
ones.

The str'uctural requirements are even more diffi-
cult to accurately define. While strengthening the
vehiclc sicle rnay seem to be an obvious choice, it can
be over'r'ated. As a general trend it is clearly
advantageous, but in those cases where the vehicle

slides bodily into a fixed objcct, the increased side
strenglh brings no bcnellt, and can in sotnc inslances

be harrnful in increasing the decelerations of the
undeformed parts of the vehicle. In cases where a
vehicle is hit fair and square in the side, as in Figure

3, the bullet crar init ially penetrates the target car at
the impact velocity, but the strength and inertia of
the target car gradually slow it down until a commen
velocity is reached. l)uring this phase, the deforrning
side of the target car is effectively tnoving towards
the occupants at the specd of the hullet car. The
effect of increased sti lfening is to reduce the time and
penetration which occur ptior to common velocity.

This in turn will reduce the velocity of irnpact of an
occupant with the interior if i t occurs at this stage.
However, no amount of stiffening wil l reduce the
coffrmon velocity, and the impact velocity of an
unrestrained passenger can never be very much lower
than this velocity.

The imporlant point is that side strength should
really be considered in conjunction with energy
absorbing padding if optimurn protection is to be
given in rcally severe inrpacts. Prcsent el'lbrts should
continue to be directed at doors, locks and hinges,
which, although they rnay deform, do not actually
fail. This can go a long way to reducing dangerous
intrusions and to increasing the tendcncy for cars to
glance apart in the lnore acute angles of impact. It is
also a vitul step in reducing tl ie inc:idence of occupant
ejection.

MASS AND AGGRE$SIVITY

Both mass and aggressivity are functions of vehicle

size ancl design, and to investig_ate the effccts of

mixing the extretnes, a trio of 90" vehicle to vehicle

side impacts was carried out usiltg Escorts and Mark
IV's. These tests arc referred to later in this report,

but one of thc chief conclusions drawn with respect

to these particular vehicles was that under side impact

conditions, it is safer to be in a Mark IV hit by an

Escort than in an Escort hit by a Mark IV. This is

due not only to the greater mass of the Mark IV, but

also to the strength of its center door pillar and the
greater distance between the occupant and the initial
impact. Nor is the Mark IV as dattgerous a bullet car
as rnight be expected. Its large flat front proved to be
an eff'ective load spreader; and it produced less
penetration when impacting an Escort than was
produced by another Escort.

As a target car, the large car is safer only if its

higher mass is effectively utilized for structural

strength. The light car calt be made to provide

adequate protection, but in impacts between vehicles
of differing masses, the secondary impact velocities
are highcr fbr the occupants of the lighter car, thus
increasing the design problern of providing adequate
energy absorption in the space available'

It is dii'ficult to generalize on the effects on side
impacts of the high rrnpact bumpers which are
legislated in America- While they may improve load
spreading in a 90" impact, this benefit may well be
cancclled out by the increased structural stitfness

which is required to sustain a 5 or l0 mph impact.

Thcir effect in angled impacts will be even more

acute, artd tlte opener effect of a reinforced bumper

corner very difficult to resist. There is no doubt that

some of the design trends which made vehicles safer

RELATIONSHIP BETWEEN IMPACT VELOCITY
AND OCCUPANT POSITION SHOWING

EFFECT OF  INCREA$ED S IDE  ST IFFENING

FOSITION OF OCCUPANT FELATIVE TO SIDE OF
VEHICLE

VELOCITY CHAI{GE OF
BULLET CAR/TABGET CAR
0EF0FMl t ' lG  s r0E

D'  MAXIMUM DEF0FMATI0N 0F
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for their own occupants can make them more
dangerous to other road uscrs, and especially to other
vehicles not built to the sanre safetv standards.

TEST PROCEDURES

SAE Contoured Mobile Barrier

One of the earliest proposals for a standardized
side impact tcst involved the mobilc barrier shown in
Figure 4. Fronr any angle, this is a very aggressive
piece of equipment, and when used at 45u liom the
front, the curved-under lower eclgc, and the almost
infinitely stiff corners, combinerl to take it over the
door sill and through the door in a highly e1'fective
and unrealistic fashion,

t$.r$l$r|trlil',rr,\ilw;'$l'\1,\qrynrql$11,6

FIGURE 4

Vehicle to Vehicle Angled lmpactr

Far more realistic, but still severe, is the vehicle to
vehicle impact, and Figure 5 shows the set up for a
45o from the fiont impact. Figurc 6 shows the results
of such an impacl at 50 km/h on an Escort, while
Figure 7 shows the results of a slower speed (33
km/h) impact on a Capri. Figure I shows tl ie result of
reducing the impact angle to 20" for a 50 km/h
impact on a Capri. The effect of reducing cither the
angle of impact or the speed is to considerably reduce
the vehicle damage causcd.

Approximately 30o/o of side impacts are between
vehicles whose directions intersect at angles between
0o and 70o from thc {ront.3 Unfortunate-ly, such data
are incomplete, unless thc velocities of both vehicles
are known in order to determine lhc true direction of
the impact forces. In practice, it is l ikely that the
proportion of actual impacts from the front is more
than 30%.

Figure 9 shows some occupant head acceleration
data from a 50 km/h 45o vehicle to vehicle impact
using standard Mark II Cortinas. As mentioned
earlier in this paper, restrained occupants on the far

ar?0
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side from impact are relatively safe, which is demon,
strated by the lower levels of acceleration.

Vehicle to Vehicle g0o lmpactt l

The 90" impact has a nurnber of advantages frorn
the analytical point of view, especially in the reduc-
tion of rotational effects, lt is also a represenlalive
case in that about half of all side impacts occur a[
arouncl this angte.3 With current vehicles, however,
the precise angle is less crit ical t lran thc precise point
of impact. In thc worst case, thc lront sidernembers
of a small car may fit neatly bctween the lront and
center pil lars of sorne large, or two door, vchicles.

The Escor t /Mlrk  IV tes ls  have heen re l 'cr rcd to
earlier, and included Escort i l to Escort, Escorl into
Mark tV,  and Mark IV in to Escor t .  F igures l0  and I  I
i l lust rate the rcsul ts  of  these lat tcr  two tests.  Al l  the
t€sts were 90' side inrpacts at 50 krn/h. 'fhe 

cvidence
of the dummy hcad accelerorne tcr-s indicated that the
impact side front occupant was unlikely to survivc in
the Escort, but would do so in thc Mark tV.

Static Crush

At the same time as these vehicle to vehicle
impacts were being carried out, investigations were

'*#-'*" ffi

ffi;
F l

r r t
FIGURE I. '

made into the use of a static crush rig of the type
shown in Figure 12. This type oi rig has many
advantages ovcr othcr fonns of dynamic and vehicle
to vchiclc lcsts in that it is inherently more control-
lable, rnore repeatable and easier to perform. The
main crit icism is that it does not directly represent
actual crash conditions. Our work showed, howevsl,
that the results of this test correlated well with both
vehiclc to vehicle crash tests and real world accidents.
At the same tirne, they yielded valuable information
on the sequerrce and nature of door and pil lar
distortion and lailures ofhinges and locks.

In effect, it is not a sirrrulation of'a l ixed pole
impact, but rather of an impact from the corner of a
very stiff and aggressive vehiclrr. While there is no
complete substitute for vehicle to vehiclc impacts, the
static crush test is a vaLralrlc dcvelopment tool which
is not subject to the wide rarrge of results scatter
found in vehicle to vehicle tests.

Flat Faced Mobile Barrior

Probably because of crit icism of the contoured
SAE barrier, several later proposals have favored flat
faced barriers. An early proposal fbr testing fuel tank

f i ;
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integrity in a side impact at 25 km/h is shown in

Figure 13. ln practice, this is by no means a severe

test. A more recent proposal is for the even larger flat

face required by FMVSS 208. Figure 14 shows this

barrier. It is hard to see what this test represents, a$

the percentage of injuries caused by vehicles sliding

bodily sideways to impact a flat rigid structure at

exactly 90o must be extremely small. It has to be

considered, therefore, as purely an attempt to assess

the protection given to the occupant against secon-

dary impact with the inside of the car.

The face of the barrier is so large that the vehicle
side strength is not at all crit ical. The occupants'
heads on the impact sidc arc l ikely to slrike the side
pillars or even thc face of the barrier. The critical
aspects are therefore the thickness of the door, the
effectiveness of any interior padding and the positiorr-
ing of side pil lars relative to tl ie ()ccupirnts. This lattcr
effect is quite arbitrary as a position which is correct
for 90" irnpact could be equally wrorrg for an angle of
80"  or  100".

Pole lmpact

This test basically represents an impact in which

the vehicle slides sideways into a fixed pole, althouglt

similar results can be obtaincd usittg a statiotrary
vehicle, and a polc mounted on a mobile barrier, as in

Figure 15. This type of test ltas featured in several
proposals associated with expcrimcntal saf-ety ve'

hicles, and undoubtedly much oI the reason for this
emphasis is the extreme difficulty of protecting an

occupant immediately next to the impact,and in the
path ol'the intrusion.

m , m
FIGUNE I3

However, its frequency of occurrence a$ a source
of serious and fatal injuries is low. Only 20% of side

impacts involve lixed objects, and clearly not all of

thcse are pole shaped. Furthermore, because the

number of these accidents is small, there is virtually

no inlirrmation ort speeds ol inrpact, on which to base

a realistic test.
The pole impact can be the hardest of all tests in

which to provide protection for the occLlpant next to

thc point of impact. In view of its sevetity and

relatively low incidence, a better way of tackling it is

through improved design and siting of the roadside

furniture involved.

FIGUNE 12

FIGURE 14

2-122



coNcLUsroNs

The work discussed in this paper forrns only a
small part of the total effort put into safety by Ford
of Britain. It was selected to re+mphasize the
problerns associated with improved occupant protec.
tion in side impacts.

The most fortunate aspect of these problems is
that at least the most severe cases are also the least
frequent. While our work shows that significant
improvements can be made with appropriate rein-
forccment and interior padding, it is also apparent
that we rnust avoid any tendency to isolate the
various types of accidents. About half the side irnpact
accidents are also fiontal impacts for another car, and
thc darnage and injury caused is dependent on the
design ol' both vchicles. The introduction ol'stronger
and more aggressive liont ends for frontal impacts is
largely detrirlental to side impact performance.

To provide protection in side impacts, the relative
merits of increased side strcngth, and increased
interior padding, depend upon the size and weight of
the car. Our results suggest that side strcngth i$ more
critical for the large car, while interior padding is

critical for the small car. The real problem for the
small car is not strength or weight, but space.
Whatever the design, space is required to cushion the
violent velocity changes produced by crash condi.
t ions, To keep this spuce to a rninimum, we need
more real world accident data from which to deter-
mine tl 're speeds at which protectiorr should be given.
We rtrusl also avoid the temptation to bc sidetracked
by severc and irrrpressive forms of testing, into
directing effort into unrewarding areas.

R E F E R E N C E S

l. **The Frequency and Severity of Injuries to the
Occupants of Cars subjected to Different Types of
Impact in Accidents; A Filot Investigation of Road
Accidcnts in the Winchester Area" G. Grirne -
University College, London, report.

2. "Protection of Car Occupants against Side
Impacts" - R.D. Lister and I.D, Neilson, Road
Research Laboratory - I 3th Stapp Conference.

3. "Causes and Effects of Road Accidents" -
University of Birnringham Department of Transporta-
tion and Envirrrnrnental Planning.
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THE SWEDISH TECHNICAL PRESENTATION

SECTION 2 PART 3
GENERAL REMARKS

MR. GUSTAV EKBERG, Chlef

Vehicle Division
Swedish Boad Safety Office

Mr. Secretary

Iadies and Gentlemen,

As I mentioned yesterday Sweden has decided to

start a research project, "Steerability during emer-

gency breaking," that we believe wrll be a valuable

contribution to the work on safer vehicles. The

reason$ for our choice of research object are several

but I would l ike to mention two of them.
Firstly, the climate conditions during Autumn,

Winter and Spring are very variable in our country
with frequerrt cltanges between day road surfaces
with good friction and snow and ice with slippery
road surface. Our accident investigations indicatc that
a large portion of road accidents can be related to
skllding caused by inadequate or careless use of the

vehicle's brakes. We therefore have reason to believe

that sorne accidents could be avoided if vehicles are

equipped with brake systems that would prevent

locking of the wheels and thus make it possible to

maintain the steerability of the vehicle during brak-

ing.
Secondly, we are of the opinion that the present

specifications for ESV as far as braking is concerned

should be complemented with performance standards

on the steerability of vehicles under emergency

braking and requirements for testing. It is our

intention to propose such standards and requirelnent$

on the basis of the research workjust $tarted.
The costs of the ptoject are e$timated to 2.6

mill ion Swedish crowns; equal to about 520,000 U.S.

$, They will be equally borne by the government

through the Swedish Board for Technical Develop'
ment and the Saab-Scania and Volvo Companies.

Mr. Sten Rundkvist who has been appointed
project leader, will now give a technical presentation

of the project followed by a presentation by the

Volvo Company on their Experitnental Safety
Vehicle; called VESC. Mr. Mellde, director of engi-

neering, and Mr. Aasberg, head of analysis section,
wil l now inform us of the vehicle.
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Mr. Chairman, ladies and Gentlemen,

The Swedish ESV program is an invcstigation of
steerabil ity during emergency braking. Thc program is
sti l l  in the planning phase resultirtg l iom the fact that
the mernorandum of undcrstirnding between the
Department of Transportation of the United Statcs of
America arrd the Governrnent of Sweden was signed
as late as in March this year (slide l). Thc l inal rcport
on thc project wil l be issued in June 1974.

SlruEDISH ESV-PROGRAM

STEENABIITY DUf,IIIG ETETGEIIfl BRATIIIG

TETORAHDUT OF
UIIDETSTAI{DIIIG 5IGHED TAKH 1972

FHAI NI}OTI JUI{E I97{

SLIDE I

In Sweden a Iarge proportion of car accidents are
caused by skidding. Due to this fact the objective of
our program (slide 2) is Io suggest perlbrmance
standards in order to achieve accident avoidance by
maintaining steering capability during severe braking
conditions.

OBJECTIVE OF THE PROJECT

IO AOIIEYE I((IDEIII AYOIDAIICE 3Y
T HIAHHG STEEnABTTY DURHG

IEYETE En^l(lllc C0lrDrilolrs

SLIDE 2

$n
STEERABIL ITY  DURING EMEHGENCY BHAKING

MR. STEN RUNDKVIST, Project Leader

ESV Project

In order to realize the program a project team has
been established (slide 3) with representatives l iorn
the Swedish Governrnent, VOLVO and SAAB-
SCANIA in each of the four different tasks in which
the program has been divided. One of the delegates in
each group has the rnain responsibil i ty fbr the quality
of work withirr the available tinre and cost l irnits. Thc
projcct team is backed up with consultants to get a$
much knowledge as possible into the program.

SLIDE 3

The four different tasks are (slide 4)l

-i..s

PROJECT TEAM

NEPRESEHTATIYES FROII :

-5WEDlsH GoYEnililElrt
-Y0lY0
.5AAB.sCAI{IA

. , '

STEERABILITY DURING
EMERGENCY BRAKING

.ACfl DEI{I IIIYESIrcANOil

.NE[D IESTIIG
-PETFORNAICE TT'I5
-sTATIsIICAI. IE'Ts

-slttutATt0l{ IEsTrraG BY l
r rHEtAflcAt t00Er
-EYlLulil0rl

SLIDE 4
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r Accidentinvestigation
r Fickl testing, where wc intend to have perform-

ance testing and statistical testing
r Sirnulatiort testing by a tnathernrttical tnodel
r Evaluation

The objective of the accident investigation (slide

5) is to find the ntost typical accident situations

where steerabil ity during braking would have pre-

vented or diminishctl the consequences of the acci'

dent and the proportion of this kind of accidents.

SLIDE 5

The investigation is divided in:
r Study ol' �police rcPorts
r Interviews
r Literature studies

All police reports from car accidents during one

year lbr a ccrtain district are studied and all skid

accidcnts are specially catcgorized in order to l ind the

most frequent situations and, hopefully, also if

steeringcapabil ity would have been ofhelp.

With the intcrviews wc itrtend to broaden the

invcstigation to crit ical situations not always leading

to an accident.
Frorn the literature study we intend to find the

corrclation with other countries' expcrietrce.
We intend to use the most typical accident

situation as a base for the field testing to find out

how the anti skid system can intprove the chances to

avoid an ascident.
The field tcsti lrg is, as already mentioned, divided

into two categories. The lirst is the perfbrmance tests
(slide 6), where three, hopefully four, different

typical European 2000 pound class sedans, equipped

with anli skicl rleviccs on all four whccls, wil l be

tested 1o investigatc the relationship between braking

and steering capabil ity (relationship between deceler-
ation and lateral acceleration).

This will be donc under different condition$ to

find the irrfluence of specific parallle tets for cxample:

SL'DE 6

r velocity
r friction coefficient (concrete, ice, skid pad)

r vehicle type (rear- and front-wheel driven)
r load condition (normal and maximum)

The measuring clevice wrll be a platform stabilized

in roll and yaw and rneasurittg longitudinal dccelera'

t ion, lateral acceleration and yaw velocity. Those

measurcd values are tapc'recorded and stored itt a

cornputer memory for luture data processing.

Exactly which test procedure we are going to use

is not yet t inally decided, since it wil l be dependent

on the accident investigation. Thc procedurc, how-

ever, must be reproducible and well defined to make

it possible to compare thc results with the Inathemati-

cal sirnulation.
The second group of field testing is the statistical

tests (slide 7), where the objcctive is to firtd out how

an avcrage driver behaves in an unexpected situation,

and further to determitre the advantage to the average

driver using an anti skid system in a crit ical situation.

SLIDE 7

We intend to investigate this by means of a special

track, sirnulating the most frequent skidding accident

situation, where an obstacle suddenly wil l appear' A

number of statistically selected people are going to

use the track to gel familiarity with the car' and then

suddenly be faccd with the obstacle.The registration

F IELD TESTING

PERfOTfTH(E IESIS

OIJEfiIYE:

+ ll{YEstlGrlE TYPKAI PERtORfilAll(E 0f t0tE
rHtFflilD sYsIEIils oil 2000-P0ut{D Cll55 SEDrt{

+ IHYTsTIGATE THE II{FTUEI{CE OF DIFIENEilI
PARAHTIERS Oil IHE PERIORfrIAII(E

ACCIDENT IiIVESTIGATIOIT

OSJE(IIYE:

+ I0 Fllllt flTtlt AC(DEII t|rurTntt
v{HEtE tIEEtAllLllY DullllG ltAllllc

U'OUI,D H^YE PTEYEHIED OR REDU(ED
IHE (OIISTOUEKES OF IHT A(CIDEI{I

+ r0 FlHo IHE PtoPoRllot{ 0f llll5 xlHD

0F l(oDElu9

FIELD TESTING

trAllsllilt IE$Is

OIJEflIYE:

* TO fll0 OUI HOW TII AYETAGE DHYEI
IEHAYES IlI AI UIIHPECIED SIIUANOT

IF IO DETETf,IIIE IIIE ADYAHTACE TO TI{E
AYETAGE DTIYET USIIIG A|| AIIil.STID
sYsTEt H t cnlTKrt snu^il0il
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facil i t ies wil l be a minimum so as not to confuse the
driver, and the mairr interest is the final position and
headirrg of thc car.

The sirlulation testing by a rrrathematical rnoclcl
has as objective (slide 8) to cornplcmcnt the licld
tests and make a systematical investigation of typical
anti skid prrarneters.

SLIDE B

For the simulation a hybrid system will be used,
and it consists of an analog cornputer with 30
integrators and a digital cornputer with a core
memory of 16,000 words, each l6 bit.

The vehiclc nroclel is plannecl lo be sirnulated with
l4 degrees of f ieedom. Thc functions describirrg the
forces between tire arrd surface are going to be stored
in the digital cornputc'r while the vehicle dyrramics
principally are dealt with in the analog cornputer.

Wherr the mathematical nrodel is verified through
comparison with results from the practical f ield tests,
the performance testing will be sirnulated wherc
practical tests are difTicult to accomplish. This is
especially rclevant to the systernatical investigation of
thc influence ol'cl iffcrent anti skid pararneteri.

As the statjstical tests are very time_ and cost
consuming, driver bchavior registcred during the field
tests wi l i  bc of  great  help to s imulate ncw accident
situatio ns.

Whcn the results from the different actlvrties
described are available, the most diff icult task
rcnlains, rrarnely to evaluate the results (slidc g) and
lo prove thc' bruefits oi an arrti skid systcnr which
enablcs stecrabil ity drrring severe brakirrg. Iftherc are
bencfits, then performance standards wil l be sug_
gested and test proccdures wil l be recomrnenderL.

SL IDE 9

This is a very conclcrrsed prcsentation of the
Swedish ESV program. As already stated, we are sti l l
in the planrring phasc, coopcration has been discussed
with the Llnited Kingcionr tnd France ancl we are
opcn for any suggcstiorrs. We have the usual diff l-
culties irr squeezing the prograrn into the frarrre of
budget and schedule, but nevertheless we are con.
vinced that we wil l carry eut the program success_
fully.

Thank you.

SIMULATION TESTING
8Y A MATHEMATICAL MODET

OIJE(TIYE:

* TO COTPTEIilENT IHE FIEI.D TE5T5

r* l0 PEtFont A $ytTEnATtCAl fiVEsItcAIt0t{
OF IHE IIIFTUEIICE OF TYPTCAT AHTI.SI(ID
PANAIiETERS

EVATUATION

OBJECTIYE:
r TO PNOYE IHE SAFETY BEI{ETITs

0F AltTt-sxto $YsTEils
- TO SUGGESI PERFORTAI{(E

STAI{DANDs

' IO IE(OTTEI{D TESI PNOCEDUIEJ
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Mr. Secretary

ladies and Gentlemen,

It is a pleasure for us and the Volvo Corporation
to bc ablc to attend this rneeting and to present to
you our Experimental Safety Car.

As you may know, this car is not a fonnal
contribution to thc official ESV prograln. flqyyeverr
the ob jcctives (to irnprr-rvc traf fic safety) are the silllte
and tltc requircrrrents on this car are similar in many
respccts to those set for the ESV.

As car rnanufacturers, it is our task to produce and
sell vehicles to the public on cornpetit ive tcrnrs with
all crther car producers not only at this tirne, but also
in the tlture. Tltus our cars must provide Vehicle
Safety, Environlnental Protection as well as what I
want to call Overall Econorny. This rncans that even
if the saf'cty and thc environrnental protection
requirements that rnust be built into the vehiclc ure
high, the car musl bc sLritable frlr rnass production to
really improve trallic sai'ety. This aspect of an
Experimenlal Safety Vchiclc has been an important
consideration fur our Experirnental Saf'ety Car,
because we are of the opinion that nruny of the ESV
requirenrents wil l become standards I 'or production
vehicles in the coming years, perhaps somewhat

tr
,1 '

1q

VOLVO ENGINEERING

MR. ROLF MELLDE, Director of Engineering

Passenger Car Division

s

modified in prornulgation but of essence in design
philosophy. Our vehicle safety tradition also calls for
a continuous extension of our engineering skil ls in
this field irr order to be able to take an active part in
futurc rulcrnaking procedures with our own devel.
oped knowledgc. For lhese reusons, we have also
expanded r,rur sal'ety arrd cnvironrnental activities, to
be responsive to the pace-setting U.S. market.

This constitutes our main philosophy behind the
Volvo Expcrimental Sal'ety Car ur VESC, as we call i t
and I am now going to give you sorne details of the
development work with this vehicle.

First of all, we have perfbrmed a baseline research
prograln with current production vehicles to be able
to idcntify the prohlems in high velocity accidents.
This includes accident investigation and analysis as
well as controllcd laboratory crashes at impact speeds
up to 50 mph against f ixed barrier with instrumented
dumrnies, pole irnpacts, rearward rigid harrier impacts
up to -i0 mph, car to car sidc irlpacts up to 30 mph
angular irnpacts etc. and I want to show you a short
movie frorn sorne of those tests,

Film
l. Barrier test at 50 mph
2. I'olc irnpact at the same velocity
3. Sidc impact 30 rnph
4. Rear impact into a rigid barrier at 20 mph, 1820 kg

These tests proved the relative crashworthiness of
our traditional fundamental design of unitized bodies.
The passenger cornpartrnent intrusion at side impact,
however, rnust be irnprovccl to keep thc acceleration
of the passerrgers within reasonable l irnits, Also, the
steering wheel subsystem needs additional design to
allow for displacement of the head of a dummy
wearing a safety belt, even if this displacement
problem is possibly rnore pronounced with a dummy
than with a driver.

Howcver, our next speaker will explain this kind
of analysis after rny presentation. I only want toSL IDE  I
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mention another crashworthiness design philosophy

wltich seems important to us. Although the front and
rear bumper design requirements of the ESV project

may have their merits, our goal remains to transmit
the impact forces and absorb the collision energy
through a deformation distance of sheet metal. This is
because sophisticated high energy absorbing bumper
subsystems will in our weight class design lead to such
increases in vehicle weight and monrent of inertia that
we would face difficulties with safety*elated engine
perlbmrance requirements and accident avoidatrce
handling characteristics.

For this reason the appearance of our safety car
after a 50 mph barrier impact will differ considerably
from that of the recently crashed U.S. ESV.

SLIDE 2

The accident avoidance specifications for VESC
mean no radical change from our traditional require-
ments, exccpt that some advanced concepts of
antiskid systems such as nonlocking brakes will be
studicd. In addition, new front whcel suspension and
steering system layout are incorporated in VESC for
evaluation. Furthermore, there are Ievelling devices
for the rear axle. l*vel-regulated headlamps are also
studied and evaluatcd within the VESC project. The
visibility system specifications give some irnprovc-
ments over the present production car specilications,
mainly because of the feasibility studies on "pop-up"

head restrairlts incorporated in VESC. This will
increase the rearward unobstructed view under nor-
mal driving cortditions.

Built into the cars for evaluation are also devices
for the proposed emission control requirement in the
U.S.  for  1974.

The crashworthiness design goals for the VESC
have been formulated as system requfuements for the
following set of impacts or simulated accidents.

At a frontal impact into a rigid barrier at l0 mph
and at a rear end impact into a rigid barrier at 5 mph
no damage shall occur to the car. The same is the

?.130

SLIDE 3

case, at l0 mph, with a moving barrier of equal
weigtrt to that of the car.

For impacts at higher velocities, design specifi-
cations have been lbrmulated as occupant compart-
ment intrusion limitations with the requirements that
all four doors shall be operable. Additionally, there
are limits for the accelerations of the dummies. The
intrusion limits are set at 3 inches, except for side
impacts where 4 inches are acceptable. The resultant
acceleration limits for the dunrmics are set at 60 g for
the chest and 80 g lbr tlte head. lt is also required
that the mcasurcments of these values are tttade
according to the ofTicial ESV specilications.

The impact to be perfbrmed according to these
requirements are head{n impact into a rigid barrier
at 50 mph and into a rigid pole at the sarne velucity.

SLIDE 4

Impact into a
specilied.

The rear end
be evaluated at a

45o rigid barrier at 30 mph is also

crashworthiness of the vehicle shall
50 mph straight impact with a rigid



SLIDE 5

moving barrier of a weight equal to that of the vehicle
itself.

SLIDE 6

The side impact crashworthiness of the vehicle
shall be evaluated by two impacts. One in a normal,
front to sidc, vehicle to vehicle irnpact at 30 mph and
thc second s vehicle side to rigid pole impact at 15
mph.

mph. The intrusion in the drop test shall flot exceed 3
inches and in the rollover test the occupants shall
remain within the occupant compartmcnt. This last
test may be omitted if a test method which gives
repeatable result cannot be developed.

S L I D E  8

I also want to emphasize that these design goals

for VESC, which in many respects are similar to the
U.S, ESV requirements, may be subject to changes as
our evaluation tests proceed.

The development work, according to the goals
previously mentioned, has now proceeded so far that
today two complete vehicles have been assembled and
presenied to the public as Volvo's proposals for
saf'ety cars.

Bt:th vehicles have the same exterior appearance
but thc interior safety systems are very diflerent. The
total vehicle length is 5,220 mm, the overall height is
1480 mm, the width 1820, the wheelbase is ?,700,
treadwidth in the front is 1465, and in the rear it is

1438 mm. The curb weight today is 1450 kg or

approximately 3200 lb"

SLIDE 7

To evaluate roof strength two tests are schedrrled,
one in the form of a drop test from a height of 8 feet,

and the other in the form of a rollover test at 70

The frontal downward view angle is 8.5o and the

upward forwartl view angle is 23.51 The latter view

angle is slightly obstructed by a normal rearview
inside mirror. This mirror gives a downward rearview
angle of 5.5" and an upward rearview angle of 1.5?

There is a rearward horizontal field angle of 24"

SLIDE 9
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through the mirror in the car, which has airbag

restraint systems for the protection of' the occupants

in the frontal and in the rear end impact modes.

In our second vehicle, an advanced design of a

3-point belt system is the main restraint system for

the front seat occupants and the feasibility is studied

of extensive padding as forward impact restraints

system for the rear passengers.

1 ; 1t,,,rll 'rr.-.1r1Spr^r\S.SrlNslr@

SLIDE IO

Both vehicles have the fuel tank located over the

rear axle, The fuel tanks have a capacity of 80 liters,

including l0liters as fuel expansion chamber'
Furthermore. both vehicles have electronically

controlled fuel injection engines ofour standard size,

with a cubic volume which is ? Iiters and a stroke

length of 80 mm that gives an output power of

approximately 8l kW or l l0 SAE hp. Automatic

transmission is provided in one of our vehicles.
(More detail of the vehicles will be given else'

where).
To assess the accident avoidance data for these

vehicles in objective terms, a comparison has been

made with the requirements formulated in the U.S.

ESV contracts. Simulation of the handling character-

istics has been performed accordirtg to the same
requirements. These simulations show that most of

the requirements arc fulfilled by the vehicles. The

steady'state yaw response with power steering falls

outside the limits of the ESV requirements, and has

been deliberately chosen to obtain a better dynamic

steering response. The validation of simulated han'

dling results is scheduled for the near future'

Testing and evaluation of vehicle crashworthiness

and occupant protection systems are scheduled for
the coming several years, during which a series of ten
vehicles or bodies will be assembled and tested. The

SLIDE I I

crashworthiness theories, design solutions and prob-

Iems of interest will be presented by our next speaker

and I want to end my presentation with some

concluding remark$.
These are:

I am convinced that the several ESV projects will

promote vehicle safety all over the world and that

such vehicle qualities will be ever more based on

objective measurements. It is also my conviction that

the publicity as such, nowadays devoted to traffic

safety, will encourage the public to take an active
part in the debate regarding these urgent safety

nultters.
I also want to express my hope that the schedules

for legal actions in different countries in this respect

will be coordinated as much as possible, both in time

and requirements, so that the automotive engineering

resources for these and other important development

activities may be used effectively. Thus the final price

the consumer will have to pay for these vehicle

qualities will be accepted by an increased motoring
puhlic.
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Thank you, ladies and gentlemen!
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Mr. Secretary,

l,adies and Gentlemen,

Before this qualified audience, familiar with the
problerns involved in design of experimental safety
cars, such as keeping acceptable the high lbrces acting
on occuparlts in impacts at 50 mph,I am not going to
talk about the importance of having the largest
possible deformation distance. Neither do I want to
talk about securing the occupants as rapidly as
possible at the beginning of the crash. Instead, I
would like to talk about the reasoning behind our
current choices for some of the subsystem design in
the Volvo experimental safety car.

Wren the deformation distance has been decided
upon (slide l) in view of what will be possible for an
interior safety system Io handle (slide 2) considering
l) the occupant kinetic energy, 2) amount of
momentum and 3) human tolerance to impact forces
and internal energy absorption, one will have to selcct
a suitable deceleration pulse for the occupant com-
parlmeIlt,

lf, r

SLIDE

For the headon barrier impact it is our intention
to provide occupant protection within ESV accelcra-
tion limits for different parts of the body. These

sLtoE 2

acceleration$ are measured on a test dummy, as
mentioned by the preceding speaker. There is an
imprr.rved 3-point slip loint belt systent for the front
seat occupants (slide 3), and a combination of a lap
belt system and paddirrg lbr thc rear seat occupants
(slide a) in one of or.rr vehicles. Another vehicle has a
completc airbag restrait lt systenr fbr the tiont and
back seat occupants el ' l 'cctive in both front and rcar
impacts.

These specifications for the interior systerns deter-
mined the choice of the dcsired vchicle acceleration
pulse as well as the overall dclbrmation distance.
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SLIDE 4

Wc considcred the (in some respect) contradictory

results froln l) the crash simulations of an occupant

restrained by belt systelns made by Rcnneker and 2)

the sled test rescarch perfbrmed by Stapp and his

colleagucs about ?0 Years ago-

Although largcr utility could be expected from a

high accelcration at the beginnrrrg of the impact - as

measured by the rirtio tll' the occupant accclerati(ln

pcnk and vehicle delbrmation distntrce - the dcsired

ride-clown of a rearward facing child seat, pressed

against the dashboard was decisive argument for

selccting a ramp starl acceleration pulsc. This pulse

Ievels off at 25 g as desigrt goal fLrr the occupant

conlpartment acceleration in the 50 mph irnpact. This

forrn of acccleration is designcd into the vehicle

according to the distances seen in slidc 5 uti l izing the

concept of a diving engine (slide 6). ' l 'he estimated

acceleration risc titne of the compartnteut at 50 rnph

S L I D E  5
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SLIDE 6

is 20 ms. This is a rate of onset of 1250 g's' whichis

slightly higher ttran thc roughly 800 g's "permissible"

according to the Stapp findings. However, the level to

be reached of 25 g is considcrably lower than the

Stapp slert acccleration level of 40 g. Therefore it

seerns possible to manage the expected dynamic

response or overshoot of the human body in the belt

restraint system to survivable valucs, especially if an

advanced belt systetn with rapid tension device is

incorporated to shorten the occupant acceleration

rise time. or to increase the appareflt system reso-

nance-frequency.
The possibility of levelling off occupant accelera-

tion with a constant force device in the belt has not

been judged feasible at this time' This is due to the

real world variations in occupant weight, since an

increase in weight over the designed optimum forcc

for an average occupant would mean an increase ilr

forward motion of a heavy occupant' Such a conse'

quence is undesired.
ln this regard, the concept of a fixed seat position

with moveable controls has also been discarded,

becausc the ad.iustment of the seat, according to the

height of the occupant, may give a favorable compen-

sation for the weight of the occupant. A rearward

seat adjustrnent for comfort will shorten the free

clongation length of the bclt system webbing and the

apparent stiffness of the restrairtt system will

incre ase.
Together with a heavier occupant, this may consti-

tute a lumpetl parameter mass-spring system, with an

autornatically adjusted and more coflstant resonance

frequency or rise timc. Furthermore' a taller person

ad.justing his seat backwards will obtain a greater

distance for safe displacement inside the vehicle in

the event of a crash.
'Returning to the acceleration pulse again, a high

velocity impact energy absorption bumper system

may have merit providing an automatically adjustable

levelled square wave acceleration ibr any impact

velocity. This may be frrvorable with a less accelera'

tion pulse sensitive restraint system such as the

air-bag system, but the estirnated added weight and
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increase in vehicle moment of inertia may lead to
difficulties lbr transient yaw response as judged from
sirnulations done with l50 kg ol added weight front
and rear to VESC at a distance of 1.5 trteters l iorn the
vehiclc cenler ol ' gravity.

In slide 7 you can s€e how the transient yaw
response curve for the simulated case purtly falls
outside the ESV-specification of acceptable limits,

Before returning Io our philosophy for the bclt
system, I want to add that the airbag system is built
up with knee restraints in the form of padding for
surface pressure distribution and energy absorption.
The padding also is the transmitting element for
fernur load forces to a sheet metal backplate which
carries these forces to the vehicle.

The static force deformation dia$am for our
material is seen in slides 8a and 8b. The material is
loadod with the flat end of a cylinder of 50 mm
diameter and with a total test specimen thickness
equal to l0 cm.
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Such material has been used successfully in our
advanced engineering with airbag systems at 30 rnph
barrier impacts on knee impact loads.

The use of bulky padding (slide 9) material as
restraint system for thc forward moving chest has also
been tested. We have pcrlormed tests at 30 mph,
using the padding rnentioned above, as well as a
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lighter material (slide l0). It has been possible in

thcsc tests to kecp the accelcration of thc chcst below

60 g at  30 rnph wi th a cor ls ta l l t  level  o1 ' l6  g

acccleration of the sled, but the oscil latory spine'

mourrted accelerometer rcading has indicated

problenrs. This is because a nominal design or average

chest acceleration of roughly 40 g shows supcr-

imposed high as well as low frequency oscillations

which have taken the properly filtcrcd acceleration

peaks up to 60 g for periods approaching the critical

t imit of 3 ms.
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SLIDE 1O

To circumverrt this problem through improvement

of the padding or thc dummy, we need further

studies to reach a 50 mph irnpact goal with such a

restraint system for rear seated occupants'
Going back to the belt systems, we have identified

in our crash tests the problettt of the dumnty head

impacting the steering wheel during the forward'

downward motion which is associated with belt

systern restraints. We therefore decided to explore the

idea of a 
"disappearirrg" steering whcel (slide I l).

ffih
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SLIDE I I

The concept is to release the steering wheel from

its normal Iongitudinal position in the car,let it move

forward under the influence of inertia and a spring

force during itnpact, when the acceleration level of

the car tneasured trear the slcering columrl exceeds

that level where the driver can be expected to brace

himself with his arms and legs, This level is also

2-r36

chosen with regard to the low velocity impact

accclcration level designed for the front bumper

subsystem. A disappcaring steering wheel at thcse

impact velocities is not desired.
During thc collapse of the steering wheel, torque

transmission wil l not be impaired because of splines

in the shaft. Thus an accidental disappearance will

not impose a loss o1'steering control.
This kind of system will of course not be suitable

with vtlluntary wearing of seat belts, since an

unbelted driver may have very little energy absorp-

tion liom the sl.ccring column in case of an intpact.

Usually he will have to absorb most of the energy by

his own chest as the steering wheel forward motion is

stopped at the dashboard after 150 mnr of travel.

This system is chosen, howevet, togcther with our
"selfbuckling" 3-point slip'joint belt system and may

be lifesaving if the belt system is not retrdered useless

by the driver.
Our design philosophy for other kinds of impacts

has been sinti lar to the one just described, but with

regard to the time available today I will only

emphasize certain of our conclusions. The side impact

protection seerns us to be the most difficult task to

accomplish if we are to keep the width of the vehicles

within conventional limits. The only solution to thi$

problem seeln$ to be to set upper limits to such forces

which the front of one vehicle may impress to the

side of another vehicle. This would probably ensure

that the lateral acceleration of the impacted velticle is

kept low (slide l2).
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$LIDE 12

Such restrictions will create conditions under

which the lateral acceleration of the door and the

occupant on the impact side may be kept at levels

shown as tolerable in the relatively rare scientific
papers published on these matters and known to us.

Our engineering solutions firr attenuation of or

resistance to impact forces, and results from our

studies on occupant protection systems, will be

fdudtr"hm&ht


