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Introduction

The demands on the car of the 90's are
very high in every respect. As vehicle
manufacturer one can no longer con-
centrate only on a subset of all prop-
erties. To gain success, excellence is re-
quired in all areas.

Furthermore, the customer of the 90's
will not accept having to adapt himself
or herself to the vehicle. The vehicle
must instead be adapted to man. This

makes it necessary to study man-
machine interactions when developing a
new car.

These demands, coupled with the
many properties affected by the chassis,
create the need for a property oriented
development process where the com-
bination of all properties are taken into
consideration from the very beginning.




Driver function

Driving a car isacomplex task. How-
ever, by learning and practice most
driversachieve a competence that
makesthe driving appear and feel
quite simple under normal conditions.
During the learning process, as a be-
ginner or under an adaptation period in
the case of a new car, thedriver grad-
ually learns an automatic behaviour in
the same way aswhen learning to
walk. An analysis of factors affecting
thedriving task becomes very com-
plicated. Figure 1 isoneway of illus-
trating thisfor the example of steering.

Much effort is put into research of
the human being asa car driver. Criter-
iasfor handling properties developed
by Volvo and others, are used asa base
for more or less compr ehensive com-
puter simulationsin early stages of de-
velopment.

It can be stated that feed back of car
reactions, according to figurel, is of
the utmost importancefor thedriver's
ability to control the vehicle. The input
to thedriver comethrough vision,
sound and balance or gans, aswell as
through forces acting on the whole
body supported by the seat. Also
through the hands gripping the steer-
ingwheel. It isfound from research
that these signals have to be very close
in time and that they have to be within
certain values and have certain re-
lationships. The more demanding the
road and traffic environment, the
mor e stringent these demands become.

Using clear feedback signalsim-
provesthedriver's ability to act asan
element in the control system. The
driver will also feel clearly theim-.
portant role he or sheplaysin thissys-
tem and hence get a positive stimu-
lance, maybe even satisfaction -
driving pleasure.

Thetask of driving must be learnt.
Thismeansthat thedriver getsused to
acertain response from hisor her ac-
tionsand will also be able to predict
them. Theleaning of the car's be-
haviour is effective under the most
common circumstances. This means
that the driver has good knowledge of
how the car reactswhen driving at
moder ate speed, at moder ate manoeu-
vering and with small loads.

A surprisingly tight motorway exit
during a haliday journey, with the car
filled with people and luggage, may re-
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Figure 1

suit in avery difficult situation if the
response has changed too drastically.
Thetendency in such asituation is
that the car isless stable and body roll
will be more pronounced because of
the heavier load. It will also bemore
sensitive to steering dueto the higher
speed. Put together, thiscan result in
an unexpected and different response
that may be very difficult for thedriv-
er to control.

Figure 2illustrates the combination
of circumstancesin which different
driversnormally have experience
compared to the car's performance
limits.

The conclusion of thisdriver orien-
ted approach givesthe following

KicH
4 i
| -
! |
i
PELDLITY . _gjff( /
s
i
ENCED |
R |

ORMAL

2 E’,v i 7,}":"»/5"'%

LY vewicps ELUCITY
@ YAW SLCELERATON
Maw STES 200

YR AT

O w SV D0 WHEE L ANGLE

guidelinesfor the development of the
chassis:

the control properties of the car
must be adapted to thedriver

the control propertiesmust be as
consistent aspossible

the effects of load, speed and fric-
tion etc must be minimized
thedriver shall get adistinct feed-
back of the car'sreactionsin differ-
ent situations and manoeuvres

- the magnitude of disturbances must

be small

- theride comfort and noiselevel as

well as seating position must be
good in order to avoid unnecessary
driver fatigue.

VEHICLE PERFORMANCE
BOYNDARY

TRAINED DRIVER
NORMAL DRIVING

Figure 2
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Chassis demands

The challengesthat the chassis de-
signer is confronted with when de-
signing a new car do not only consist
of requirementsfor certain chassisre-
lated properties, likein our casedriv-
ing pleasure, driving safety, ride com-
fort and noise comfort, but alsoto a
great extent of functional requirements
within other areas.

For the Volvo 850, the main targets
have been total efficiency and ver satil-
ity. These properties have directly and
indirectly influenced the choice of
chassis concepts.

Versatility meansthe ability to
transport a varying number of pas-
senger s and many different kinds of
luggage in a safe and comfortable way,
and in different environments: during
high speed motorway driving, on slip-
pery winter roads or in dense city traf-
fic.

For the chassis, this means demands
for loading capacity, consistent driving
propertieseven on low friction sur-
faces, a small turning circleand low
steering for ces when parking.

Thetotal efficiency can be divided
in three main parts:

- space efficiency
- fuel efficiency
- cost efficiency

For the customer cost efficiency is
not only decided by the purchasing
price of the car but also by the run-
ning costs. These consist among other
things of service cost and second hand
value which in turn depend of there-
liability of the car. Reliable and easily
serviceable designs are therefore
needed.

To meet the demand for space ef-
ficiency, the choice of front wheel
driveisnatural for acar of theVolvo
850's size. The space in the passenger
compartment will be free of space oth-
erwise occupied by prop shaft and fi-
nal drive. In addition, by mounting the
engine transver sely, the longitudinal
space of the car can be utilized op-
timally. A conflict arise herewith the
demandsfor a small turning circleand
thereby wide wheel angles. When de-
signing the suspension, attention must
also be given to how much space will
berequired in the passenger and lug-
gage compartments. L ow positioned
attachment pointsfor the suspension is
important and the axle geometry

should be chosen in such a way that
the need for wheel housing spaceis
minimal.

Thefront wheel drivein itself has
great influence on certain driving
properties. Among the positive can be
mentioned:

improved traction during light load
conditions due to the weight bias
(moreweight on the driven wheels)

stable behaviour dueto increased
under steering during acceleration

Of cour se, special attention must
be given to the problemsthat occur
when the steered wheelsare also
driven. In order not to create un-
wanted steering wheel torque or in-
fluenced cour se stability of the car,
the front axle and steering geometry
and elasticitiesmust be designed with
thisin mind.

Throttle-off effects when nego-
tiating cornersare also generally more
emphasized in a front wheel drive car.
A limitation of these effectsis neces-
sary in order to fully achieve our driv-
ing safety philosophy.

In order to combinedriving pleasure
in the form of engine performance
with fuel efficiency, the drag must be
kept low. By optimizing the body
shapefor low drag, the sensitivity for
sidewind disturbancesis generally in-
creased. The choice of front wheel
drive, with accordingly the centre-of-
gravity position moved forwards,
counteracts this drawback.

The overruling requirementsfor
versatility and total efficiency thereby
play an important rolefor the chassis
design. The choice of concept pro-
vides good possibilitiesto reach high
cour se and sidewind stability and
good traction. However, the space for
chassis componentsisvery limited
and much attention must be paid to
minimize torque steer and throttle-off
effects.

In the preceding part, " soft" terms
likedriving pleasure and driving safe-
ty have been used. To make an analy-
tical development, these terms must
beinterpreted into objectively meas-
ur eable entities, which then will form
therequirementsfor the complete car.



Driving pleasure
Thisisan often used expression al-
though it is seldom defined. It must be
clear that it focus upon thedriver and
vehicleinteraction, in the way de-
scribed earlier.
| mportant examplesare:

timelags and gainsregarding steer-

i ng response

degree of under and over steer

low control efforts

Driving safety

Themost important ingredient of driv-

ing safety isthe consistent behaviour

vehiclein all driving situations.

Other examplesare:

- limited addition of yaw mation at
throttle-off

- high lateral movement capabilities
combined with stability

- short braking distances combined
with steerability

Figure 3

Ride comfort

Good ride comfort means absence of
vibrationsand car motionswhen driv-
ing on different types of roads. Ex-
tremitiesand body are sensitiveto cer-
tain frequencies. The car body
motions should be kept small asthey
affect the senses of balance and sight.

Noise comfort
Low noise evelsare generally re- quired in order tominimize negative

noise experiences. Also a good bal-
ance between high and low frequency
noise as well as between different
Noise sour ces (power train etc) areim-

portant.

Driving comfort

By thiswe mean the vehicle behaviour

in common driving Situationsin order

to achieverelaxed driving.

Examples:

" good course stability also in side-
winds

- sm all turning circle and small steer-
ing forceswhen parking

- small torque-steer effects

Chassis layout

Front suspension, figure 3
The spring strutshave " wet" dampers
and inclined coil springs. The strut-
mountsto the body have separate iso-
latorsfor damper and spring. The low-
erarm isconnected to arubber
isolated subframeto which an anti-roll
bar isalso connected.




Rear suspension, figure 4
The Delta-link rear axle is of a unique
Volvo design, combining the ad-
vantages of an independent semi-
trailing suspension and a beam axle.
The two axle halves are connected
to each other by two rubber bushings.
The body attachments consist of two
angled links with rubber elements that
control the side force steer and lateral
as well as longitudinal compliances.
All anti-roll bar ** mounted between
the two axle halves. Coil springs with
concentric hollow buffers are fitted
close to the wheels. Dampers of pres-
surized type are mounted between the
arms and the underbody structure.

Steering, figure 3

The rack-and-pinion power assisted
steering gear is solidly fixed to the
subframe and positioned behind the
wheel centre. The steering wheel is
adjustable both axially as well as ver-
tically. For crash safety reasons both
the steering column and the lower
shaft are collapsible .

Brake system 5
The dual circuit ABS brake system
has disc brakes on all four wheels.
The front discs are ventilated and have
sliding calipers. The parking brake is
a separate duo-servo drum brake. The
ABS system is a three-channel system
with individually controlled front
wheels, "select low" at the rear and
yaw torque control for stable braking
on my-split surfaces. The brake force
distribution between the front and rear
wheels is controlled by a pressure-
sensitive reduction valve.

Figure 3

Figure 4

Figure 5



Combining properties
Several requirements on a car are con-
tradictory. An important task, before
I ardware solutions are chosen and
fixed, is to identify the factors that act
in "common" or "opposite" directions.
Some of the more important and well-
known conflicts are:
- handling - ride and noise comfort
- steering properties - course stability
- lateral stiffness - longitudinal com-
pliance of a suspension
- steering properties at low lateral ac
celerations - at high lateral accelera-
tions
The combination of the most im-
portant factors which make the car
safe and enjoyable to drive was one of
the Volvo 850 objectives and chal-
lenges. Without the use of more ex-
clusive design solutions like four
wheel steering and active suspension,
the boundaries are set by on one side
the human perception, on the other
side by the laws of nature.

To achieve these goals, the front and
rear axles must be designed to interact
optimally with each other and with the
tyres. The properties of the tyres wete
studied using the Magic Formula Tyre
Model, developed by Volvo Car Cor-
poration in collaboration with the
Technical University of Delft in the
Netherlands.

The results of the initial analysis
showed that all the demands could
only be met using a new rear axle de-
sign, the Delta-link, described later.
For example, to add more driving
pleasure it must be possible to aim the
car quickly in a new direction. This is
achieved by giving the car an oversteer
at the beginning of the steering ma-
noeuvre. To fulfill the apparent con-
flicting driving safety demands, the
steering links of the Delta-link then
counteracts the oversteering when
the car has entered a corner and sta-
bilizes it.

Another example of how to cope
with conflicting demands is the steer-
ing response. It depends on the design
of the suspensions and the tyres, but
also on the steeting system ratio. This
ratio is also one of the significant fac-
tors for the steering wheel forces and
steering wheel angles. A power steer-
ing serves to decouple these factors,
i.e. gives the possibility to have a rel-
atively low ratio for good steering re-
sponse combined with low parking
steer forces. Power steering is obvi-

ously a standard item on the Volvo
850. The power steering is also ef-
fective at higher speeds where rea-
sonably high steer forces in relation to
lateral acceleration are desired. The
power steering characteristics are
therefore accordingly carefully op-
timized.

The behaviour of the car during pow-
er-off in a corner is of utmost im-
portance, especially considering the
previous discussion regarding con-
sistent properties. Although many
drivers - especially those with front
wheel drive cars - consider a certain
amount of power-off effect as de-
sirable, it is from a safety point of view
necessaty to limit the amount in order
to support the untrained driver in an

em ergency situation, figure 2. This is a
very plausible situation, for instance
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ey
EXPER)
ORIVER
N L
| DPRIVIN
H
|
-
Low

=

when a driver enters a corner too fast

and instinctively releases the throttle.

In such a situation it is important that

the characteristics of the cat, i.e, the

path curvature and yaw velocity,

change little and slowly. The desired

amount of power-cuff is achieved us-

ing:

- appropriate front suspension anti-
dive

- adequate steer angle changes at
wheel movements

- small camber angle increase at the
rear

- high roll stiffness

- tuned power steering characteristics

With these measures the sensitivity for

throttle-off oversteer is kept on a level

which allows full driver control with-

out being too high for the less ex-

perienced driver.
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Tyres

The tyre is one of the most important points and the small forces that this

vehicle components since all force in- type of suspension transmits to the

teraction between the car and the road body of the car.

is transmitted through the tyre. The measures on the front suspen-
Therefore, the tyre can not be treat- sion to minimize the torque steer on a

ed separately from the chassis since the smooth surface as well as on lon-

tyre characteristics strongly contribute gitudinal tracks and on cambered

to the total cornering characteristics. roads consist off:

The maximum side force that can be
transmitted and the camber influence,
at high lateral accelerations must of
course be good enough for ex. avoid-
ance manoeuvres.

For good noise and vibration iso-
lation, tuning of resonances for the
tyres and of the suspensions must be
made. The self-aligning torque must be
adequate to give a good feedback to
the driver.

The chassis and the tyre must there-
fore be designed and optimized togeth-
er and under different conditions. Car
and tyre designers must work close to-
gether. The Volvo 850 is equipped
with 195/60R 15 or, as option, 205/
S5R15 tyres.

Figure 3

Front suspension and

steering, ﬁgure 3 - optimized elastokinematics of the - high rigidity and low friction in the
The front suspension has spring struts front suspension and steering sys- steering system, including a special
with a lower arm connected to a rubber tem strut mounting (described below)
isolated subframe. The rack-and- - drive shafts of equal length and po- - power steering with adequate as-
pinion steering gear is solidly mounted sition sistance in straight-line position

to the subframe, behind the wheel cen- - small differential torque between - adequate anti-lift effect

tre. The anti-roll bar is also mounted to the drive shafts, emanating from

the subframe, acting on the struts via friction in the final gear

balljointed links.

The subframe, figure 6, is made
from pressed and seemwelded steel,
forming a very rigid structure with
closed box sections. The demands for
rigidity have dimensioned the sub-
frame to avoid noise peaks originating Figure 6
from internal resonances. The sub-
frame is mounted to the body structure
with four rubber isolaters. The stiff-
ness and and damping characteristics
of these are chosen to isolate high fre-
quency vibrations generated by road
surface roughness and transient
impact forces on the front
wheels. The rubber isolators
are well spaced and have high
lateral stiffness to reach the de-
sired steering response and to
minimize the steering effects due to
asymmetric driving or braking forces.

A spring strut front suspension was
chosen because of its qualities re-
garding reliability, the low sensitivity
to the tolerances of the attachment




The strut mounting, figure 7, hasa ball
bearing in the upper end of the shock
absorber piston rod to allow for free
steering rotation of the strut, even un-
der large bending for ces acting on the
piston rod. Otherwise, the reaction
forcesthat occur under acceleration
acting on therod could make the steer-
ing wheel " freeze".

The positioning of theking pin axis
with negative steering radiusin the
ground contact patch, and a small lever
to the wheel centre, giveslow sensibi-
lity for unbalanced wheels and the pos-
sibility to bring about the desired elas-
tokinematicsfor longitudinal forces.

Figure 7

Figure 4

The Delta-link rear

suspension, figure4

The combination of demands on cor-

nering characteristicsfor handling,

longitudinal compliance for isolation,
low weight, low cost and little space
required a special design.

To achieve the goals, two different ap-

proaches can be used:

- usean existing multi-link suspen-
sion, like the 960 suspension, that
can give therequired cornering and
longitudinal compliances as a base
and then reduce the space demand
and cost.
use a low weight, compact suspen-
sion asa base and then develop it,
adding functionsto givethere-
quired " high-level" cornering and
longitudinal compliances.

Thefirst alternative was excluded
since the existing multi-link suspen-
sions could not be made space ef-
ficient enough; also the reduction of
cost would require an immense effort
in detail design and production en-
gineering. Thisin itself would result in
a paradox of increased costs.

The second alter native could bere-
alized with arelatively small effort
and cost addition, and was thus cho-
sen. It can be characterized asatrail-
ing twist beam suspension. In itsbasic
form it can fulfill either longitudinal
compliance or cornering demands.
However, thelast isonly trueif the
jointsto the body and the axle struc-
tureitself areideally rigid which isun-
realistic.



The axle is equipped with two links
called Delta links because their lines of
action form the Greek letter Delta.
During cotnering the rear wheels are
subjected to side forces. Thanks to the
steering links, the rear axle is sub-
mitted to a motion pattern that com-
pensates for elastic deformations of the
axle and its bushings. The result is that
the wheels move parallel in in the later-
al direction without any steering angle,
figure 8. The Delta links also give an
increased longitudinal flexibility
which contributes to the good ride
comfort, figure 9.

Camber variation (figure 10) and
roll steer characteristics are essential
for the utilization of the cornering ca-
pacity of the tyres. They are designed
by the basic kinematics of the suspen-
sion, i.e. the position of the body at-
tachment points and the position of the
transverse arm bushes, figure 11. The
Delta-link suspension reduces the cam-
ber angle to the road and gives possi-
bilities to select a roll steer that op-
timizes the handling properties.

Brake system

The brake system is of the ABS-type,
chosen as standard equipment since it
combines stability, steerability and
short braking distances on all types of
road sutfaces. The brake force is dis-
tributed through a front/rear brake cit-
cuit split. The rear circuit contains a re-
duction valve that is automatically
decoupled in case of a pressure loss in
the front circuit. The brakes are dimen-
sioned to give high braking per-
formance/retardation and low pedal
forces in all situations and high ther-
mal resistance.

The system consists of;

- vacuum booster

- ABS tandem master cylinder
- hydraulic control unit

- four wheel speed sensors

- electronic controller

- pedal travel sensor

During ABS braking, excessive wheel
brake pressure is released back to the
reservoir when a wheel shows a ten-
dency to lock. The front wheels are
controlled individually. For stability
reasons, both rear wheels are con-
trolled by the rear wheel that has the
the most locking tendency ("select-
low") by one inlet/outlet valve pair.

Figure 8

Figure 9 L <,

Figure 10




The vacuum booster isequipped with a
pedal travel sensor. Theinformation
from the sensor is used to ensure suf-
ficient brake fluid volumein the mas-
ter cylinder and to provide good brake
pedal comfort during ABS braking,

Onesituation that needs special at-
tention isbraking on different friction
on theleft and right wheel pairs, since
the unequal braking forceson the left
and right sides of the car createsayaw-
ing moment. To ensurethat thedriver
has maximum possibilities to cope
with this, the yaw motions of the car
should be slow. Thisisachieved partly
by giving the front suspension ad-
equate longitudinal compliance steer -
ing, partly by slowing down the pres-
surebuild-up in the front wheel
cylinder on the high friction side using
the ABS electronic controller.

For safety reasons, the ABS system
is designed using a fail-safe concept,
utilizing demandsfor continous sig-
nals and doubled electronic functions,
including the comparison of sensor
signals. Whenever a possible malfunc-
tion occurs, the system switches back
to conventional brake function and a
warning lamp islit in the instrument
panel.

Steering column

Apart from the main function of steer-
ing, the steering column hasto meet
two main requirements: to isolate the
steering wheel from road and engine
vibrations, and to ensurethedriver a
good road feel and steering precision.
Other demandsare for easy production
assembly and for crash collapse.

Since the rubber-mounted subframe
with the steering gear is subject to
large motionsin certain driving situa-
tions, the steering column is also af-
fected by thismotions. Theisolation of
large motionsis done by a splines
coupling between the lower and upper
parts of the steering column. To elim-
inatetheinterplay, the splineshasa
special plastic coating. The design also
permitsthedriver to adjust the steering
wheel position vertically and axially
according toindividual requirements.

Smaller amplitudes, higher fre-
quency vibrations and noise stemming
from e.g. the power steering valve
could however still be transmitted
through the hysteresisin the splines
coupling. Thesevibrations are there-
foreisolated by a disc-shaped rubber
coupling which is soft axially and also

initially soft in torsion. Thetorsional
characteristicsare strongly pro-
gressivein order to create a high rigid-
ity whenever steeringtorqueisap-
plied. This hasbeen carefully tuned in
order to create the desired steering pre-
cision.

In production, the steering column is
assembled after the marriage point(the
joining together of the complete chas-
siswith the body) by connecting the
lower shaft between the univer sal
joints. Thisensures an effective and
ergonomic correct assembly.

Volvo 850 GLT Chassis specifications

Dimensions
Front Rear  Total
Kerb weight (kgs) 815 531 1346
Max load  (kgs) 917 880 1797
Max axle load/total weight (kgs) 1000 880 1820
Max trailer weight 1600 kgs
Max roof load 100 kgs
Wheelbase 2665 mm
Tyres 195/60R15 (205/55R15 optional)
Rims 6” steel (6,5 alloy optional)
Front suspension
Type Spring struts (McPhearson-type)
Track 1520 mm
Ground offset —12mm
Anti-roll bar diam. 20 mm
Static camber angle 0
Anti-dive 9%
Anti-lift 4%
Camber compensation 23 %

Rear suspension

Type Delta-link semi-individual
Track 1470 mm

Anti-roll bar diam. 21x3 mm

Static camber angle —1deg

Anti-lift 48 %

Camber compensation 47 %

Steering system

Type Rack-and-pinion, power-assisted
Turning circle 10.2m

No of steering wheel

turns lock to lock 3.2

Steering wheel diam. 375 mm

Brake system

Type ABS-type, ventilated discs front,
sliding calipers

Front disc diam. 280 mm

Thickness 26 mm

Rear disc diam. 295 mm

Thickness 9.6 mm
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