
710 Electronic Stability Program

The following applies for rear-wheel drive:

2m+ JMo, lTr d Vx1 R dt

m = MIN (AI, .M14)

For negative values, the nominal engine
torque MAovo, is limited by the maximum
engine drag torque, and in the driven case
(positive values) it Is limited to the maxi-
mum dynamic drive torque as permitted
by the manufacturer. In case of a positive
nominal brake torque Mwaethe remain-
ing braking torque must be adjusted
through the brake pressure.

= h 'vlc + AlCaHal
C,

The pressure p wne applied to the wheel-
brake cylinders by the controller, is ad-
justed by the braking hydraulics and rele-
vant valve-triggering mode U,1. The re-
quired valve time is calculated using an
inverse "hydraulic model", whose para-
meters X1, x2 have been defined before-
hand and stored in the controller. Essen-
tially, the model uses the Bernoulli theo-
rem for incompressible media, and a
pressure/volume characteristic.

Uxa= hPwNe -PWn

(xt + x2 - pVh!) %TC r.- Jhl I

Uva, > 0
UIva[= 0
U"al < 0

Build up pressure,
Hold pressure,
Reduce pressure.

Since the valve-control mode U, is lim-
ited by the sampling time and quantified,
the adjusted pressure pw that has actu-
ally been set must be calculated using the
hydraulic model. By means of the dy-
namic wheel equations, taking the known
(estimated) wheel brake pressure and the
measured wheel speeds, the actual tire
braking force F1 and the steady-state
braking force FBs can now be calculated:

it= Mcaiaii Jwhi dF" = Cp 
in,

F9 = T, d F + Fardi

The steady-state (filtered) braking force
FB;; now serves as the reference variable

for the PID controller. Using the calcu-
lated operating point A 0, and the change
in slip stipulated by the vehicle dynamics
controller, the ABS controller calculates
the nominal tire slip N.

+ A.++ F

."es = B+ '
F,

Traction controller (TCS)
On rear-drive vehicles, the traction con-
troller is used for slip control f the driven
wheels only. Active intervention at the
front wheels is through the brake-slip
controller. Unlike ABS, the traction con-
troller receives from the vehicle dynamics
controller the nominal mean traction-slip
value -l of both driven wheels and a
nominal brake-locking torque value
M t ocLd, to be used as reference variables
for directly influencing the yaw moment.
The nominal value for the differential
speed of the two driven wheels te0 is
the difference in their (free-rolling)
speeds, whereby the vehicle dynamics
controller also stipulates a tolerance
band D; for the difference Letween the
two drive-slip values. This difference rep-
resents a dead zone for the control devia-
tion in order that a nominal brake-locking
torque MNoLOck can be generated.

The TCS module calculates the nomi-
nal braking torque MhIN for both driven
wheels, the nominal engine trque NNo,
to be set by throttle-valve intervention, the
nominal value INosp for erigine-torque
reduction using ignition timing (SPR=
spark retard) and, as options, the length
of time TOFF during which the EF is to be
cut off and the number of cylinders this
cutoff is to be applied to.

The nominal values for the crankshaft
and wheel differential speeds (UNoc and
UNODI) are calculated from nominal slip
values together with the free-rolling)
wheel speeds tWhlFr. The controlled vari-
ables uc and uv0 are calculated from
wheel speeds vwb3 andow114:

Uca = - (,ANW + hiA)2

yoJ= WVh3- Ih4
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Electronic Stability Program 711

The dynamic response depends on the
highly differing operating modes of the
controlled system. It is therefore neces-
sary to determine the operating mode in
order to be able to adapt the controller pa-
rameters to the controlled system's dy-
namic response and to the non-linearities.
The large moment of inertia of the com-
plete drivetrain (engine, gearbox, cardan
axle, and driven wheels) has an influence
on the cardan-axle speed uca which is
therefore characterized by a relatively
large time constant (low dynamic re-
sponse). On the other hand, the time con-
stant of the wheel differential speed v, is
relatively small since the dynamic re-
sponse of t Df is determined almost com-
pletely by the small moments of inertia of
the two wheels. Apart from this, ut in
contrast to oca is not directly influenced by
theengine.ucandu0careusedtherefore
as controlled variables because they per-
mit the separation of the drivetrain system
(measured wheel speed, rear left and rear
right, ve,1and Wqrespectively) into two
subsystems with distinct dynamic re-

sponse and distinct engine influence. The
engine intervention and the "symmetrical"
part of the brake intervention represent
the controlled variables of the cardan-axle
speed controller uc. The "asymmetrical"
portion of the brake intervention is the ac-
tuating signal for the differential wheel-
speed controller unt .

The cardan-axie speed is controlled by
means of a non-linear PID controller,
whereby in particular the gain of the
I-component (dependent upon operating
mode) can vary over a wide range. At
steady state, the I-component is a mea-
sure for the torque which can be trans-
ferred to the road surface. The cardan-
axle torqueMc, is the controlle output.

Anon-linearPIcontrollerisusedfor con-
trollingthewheeldifferentialspeeduDfthe
controller parameters being dependent
upon the engaged gear and pon influ-
ences from the engine. From the tolerance
band D; for the differential slip of the driven
wheels, which is output by the vehicle dy-
namics controller, a dead zone is calcu-
lated for the control deviation from v0 ,. For

Block diagram of TCS controller with input and output values

Reference variables. A" NoLock ,

[Computation of setpoint values

'Noca UNoo[i

Determination of operating state

Gac NoCa

PID controller of driveshaft
rotational speed

t 1'NoDf

P controller of differential
speed of driven wheels

Torque distribution to actuators

UNaMot
Nominal throttle

torque

*NoSPR
Nominal spark-

retard torque

71Off
Injection
blank-out

WhlNo4

Nominal Drake
torque, ighl

val

41WnINo3
Nominal brake

torque, left
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712 Electronic Stability Program

"u-split", in order to ensure adequate trac-
tion,thevehicledynamicscontrollerspec-
ifies a relatively narrow dead zone. In doing
so it increases the sensitivity of the con-
troller for the wheel differential speed uV.
If the nominal brake-locking torque MNok
is to be reduced, or in case of the optional
Select-Low control, the vehicle dynamics
controller defines a wider tolerance band
In these cases, the controller for the differ-
ential wheel speed uDo permits larger dif-
ferences between the rotational speeds of
the rear wheels. The controller output is
the differential nominal torque MDiO

The cardan-axle torque Mca and the
nominal torque differential M0 are distrib-
uted between the actuators. A corre-
sponding valve-triggering mode U.,, in the
hydraulic modulator adjusts the differen-
tial nominal torque Mo, via the braking-
torque difference between the left and
right driven wheels. The nominal cardan-
axle torque Mc, is achieved by engine in-
tervention and by means of symmetrical
brake intervention. There is a relatively
long delay (dead time and transient re-
sponse of the engine) before throttle-
valve intervention comes into effect. For
rapid-acting engine intervention, if option-
ally available, the ignition is retarded, and
the fuel injection is cut off. The symmetri-
calbrakeinterventionprovidesshort-term
supportforthereductionofenginetorque.

By means of this module, the traction
controller can be relatively easily adapted
to the various engine-intervention types.

System realization
The hydraulic modulator and the wheel-
speed sensors are suitable for operation
in underhood conditions. The yaw-rate
sensor, the lateral-acceleration sensor,
the steering-wheel-angle sensor, and the
ECU are designed for installation in the
passenger compartment or in the trunk.
An example of the in-vehicle installation of
the components. together with their elec-
trical and mechanical connections, is
given on the opposite page.

Sensors
Interface monitoring is a necessity, and
can be implemented efficiently and at low

cost in modern-day ECUs. It has a deci-
sive effect upon the architecture of the
sensor interfaces (for sensors, see P. 94).

The demands reflected in the sensor
requirements were ascertainod by evalu-
ating simulation studies togeiher with an
extensive program of road tests. The con-
sequences of side-effects on ESP opera-
tion were also investigated (influence of
positioning tolerances, cross-couplings,
and other sensor malfunctions). The re-
sult was a multi-level, and thus very dense
monitoring network which incorporates
the aspects of analytical redundancy. In
order to be able to master with the neces-
sary reliability those complex systems
which are relevant from the safety view-
point, the aspects of analytical redun-
dancy must be incorporated if reasons of
cost forbid the application cf redundant
sensors.

ECU
The ECU is constructed in conventional
(4-layer) pcb technology, and in addition
totwopartiallyredundantcomputers,itin-
corporates all drivers for valve and lamp
triggering, as well as the semiconductor
relays for valve and pump triggering, the
interface circuits for sensor-signal condi-
tioning, and the appropriate switch inputs
for auxiliary signals such as those from
the brake-light switch. Furhermore, a
CAN interface is integrated in order to fa-
cilitate communication with o her systems
in the vehicle (e.g. engine management
and transmission control). The large num-
ber of additional signal inputs requires the
use of a special plug and socket connec-
tion in order that the size of the ECU
housing can be kept to a mirimum.

Monitoring system
A comprehensive safety-monitoring sys-
tem is of fundamental imporiance for the
ESP's reliable functioning. The system
used encompasses the comDlete system
together with all components and all their
functional interactions. The safety system
is based on safety methods such as e.g.
FMEA, ETA and error-simulation studies.

From these, measures are derived for
avoiding errors which could have safety-
relatedconsequences.Extersivemonitor-
ing programs guarantee the reliable detec-
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Electronic Stability Program 713

tion of all sensor errors which cannot be
prevented completely. These programs
are based upon the well-proven safety
software from the ABS and ABS/TCSsys-
tems which monitor all the components
connected to the ECU together with their
electrical connections, signals, and func-
tions. The safety software was further im-
proved by fully utilizing the possibilities of -
fered by the additional sensors, and by
adapting them to the special ESP compo-
nents and functions,

The sensors are monitored at a number
of stages:

In the first stage, the sensors are con-
tinuously monitored for cable open-circuit,
and signal implausibility (out-of-range
check, detection of interference, physical
plausibility).

In a second stage, the most important
sensors are tested individually. The yaw-
rate sensor is tested by intentionally de-
tuning the sensor element and then eval-
uating the signal response. Even the ac-
celeration sensor has internal back-
ground monitoring. When activated, the
pressure-sensor signal must show a pre-

defined characteristic, and the offset and
amplification are compensated for inter-
nally. The steering-wheel angle sensor is
provided with "local intelligence' and has
its own monitoring functions which di-
rectly deliver any error message to the
ECU. In addition, the digital signal trans-
mission to the ECU is permanantly mon-
itored,

In a third stage, analytical redundancy
is applied to monitor the sensors during
the steady-state operation of the vehicle.
Here, a vehicle model is used to check
that the relationships between :he sensor
signals, as determined by the vehicle mo-
tion, are not violated, These models are
also frequently applied to calculate and
compensate for the sensor offsets as long
as they stay within the sensor specifica-
tions,

In case of error, the system is switched
off either partially or completely depend-
ing upon the type of error concerned. The
system's response to errors also depends
upon whether the control is activated or
not.

The ESP system with its electrical connections in the vehicle
1 Wheel brakes, 2 Wheel-speed sensors, 3 Engine-management ECU with CANintenhae,
4 Throttle-valve actuator, 5 Precharging pump with admission -pressure sensor, 6Steering-wheel
angle sensor, 7 Brake booster with master cylinder, 8 Hydraulic system with brake-pressure
sensorand attached ECU, 9 Yawsensor with integrated lateral-acceleration sensor

1

22

8

Y1

interface,
Steering-wheel

'e-pressuro
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714 Adaptive Cruise Control

Adaptive Cruise
Control (ACC)

Operation
The basic function of Adaptive Cruise
Control relies on the conventional cruise-
control system (vehicle-speed controller),
which maintains a desired speed speci-
fied by the driver. In addition, ACC can
adapt vehicle speed to changing traffic
conditions by means of automatic accel-
eration, deceleration or braking. This sys-
tem thus maintains the vehicle's distance
to the vehicle driving in front as a function
of road speed.

Distance sensor
The most important component in an
ACC system is a sensor which measures
the distance, the relative speed and the
relative position of the preceding vehicles.
Maximum performance is achieved -
even in poor weather conditions - with a
radar sensor-

The radar sensor (P. 101) operates at a
frequencyof76..77GHzwhichwasspe-
cially allocated for ACC. Three beams are
emitted simultaneously for measurement
purposes. The beams reflected by the
preceding vehicles are analyzed regard-
ing their propagation time, Doppler shift
and amplitude ratio, and from these fac-
tors the distance, relative speed, and rel-

ative position are calculated for details,
refer to PR 101... 103).

Course setting
To ensure reliable ACC operation, no mat-
ter what the situation - e.g. also on
curves/bends - it is essential that the pre-
ceding vehicles are allocated to the cor-
rect lane(s). For this purpose, the infor-
mation from the ESP sensor system (yaw
rate, steering-wheel angle, wheel speeds
and lateral acceleration) is evaluated with
regard to the ACC-equipped vehicle's ac-
tual curve status, Further inicrmation on
the traffic flow is obtained from the radar
signals.

Video imaging and navigation systems
are also being considered to, future as-
sistance in defining the courses taken by
the vehicles.

Engine intervention
Speed control requires an electronic en-
gine-power control system (ETC or EDC).
Such a system enables the vehicle to be
accelerated to the desired speed or, if an
obstacle appears, to be decelerated by
means of automatic throttle clsing.

Active brake intervention
Experience has shown that deceleration
by means of throttle closing is not suffi-
cient for ACC operation. Only the inclu-
sion of brake intervention makes it possi-
ble for longer follow-on control operations

Bosch Adaptive Cruise Control (components)
1 Engine-management ECU.
2 Radar-sensor check unit,
3 Active brake intervention via TCS/ESR,
4 Controls and display unit,
5Engine intervention,
6 Sensors,
7Transmission intervention

(optional). 4

6 7

TCSIEA-
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Adaptive Cruise Control 715

with ACC without the need for frequent
driver interventions. ESP provides the
possibility of braking without driver inter-
vention.

ACC permits only "soft" brake interven-
tions. Emergency braking due to the sud-
den appearance of obstacles (e.g. the
slow-moving vehicle in front suddenly
changing its lane) is therefore not possi-
ble.

Setting options
The driver inputs the desired speed and
the desired time gap; values of 1 ...2s are
offered for the latter.

Display elements
The driver must be provided with at least
the following information:
- indication of the desired speed,
- indication of the switch-on status,
- indication of the desired time gap se-

lected by the driver,
- indication of the follow-on mode, which

informs the driver as to whether the
system is controlling the distance to a
detected target object or not.

Aim of ACC
The aim of ACC is to relieve the driver of
the stress associated with "mindless" dri-
ving tasks such as maintaining speeds
and driving behind other vehicles in heavy
traffic. This system helps to improve road
safety as well as driver comfort.

System limits
Even with this form of driver support. the
driver remains fully responsible for con-
trolling the vehicle. He/she continues to
remain responsible for complex decisions
relating to straight-ahead driving and con-
trol of the vehicle - and obviously for
steering as well. The alignment of the
functions to emphasize the comfort as-
pect for the driver, means that a clear
boundary has been defined between the
tasks which are the responsibilty of ACC
and those which are the resposibility of
the driver. Safety functions such as emer-
gency braking and forced spacing are
thus not featured in this system. These
functions, together with selecting the de-
sired speed and the desired time gap, are
the sole responsibility of the driver.

ACC does not yet permit conto opera-
tions in urban environments. This system
can only be activated at speeds in excess
of 30 km/h.

Expanding functions for operation in ur-
ban areas would require considerably
higher performance on the part of the
sensors responsible for monitoring the
environment. Such performance cannot
be achieved by the76.5 GHz radar alone.

Basic structure of ACC control

Radar sensr control unit

Sensors for yaw---o Vehicle
rate, lateral ac- movement
celeration, wheel
speed and
steering angle

A]-i Obfect -0.
:111i4 tit i;_ detection

Radar-
sensor1

ECUs

Object Distance
selection contro-er

L.

Mcironic

Trarsmrisson

TCS
ESP

Engine

Trans

tBrake
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716 Road-vehicle systematics

Road-vehicle systematics

Poa vehicle

Powver-diversvhoce

Power- risen cycle

kiletoroycae
Scooter
moped

Passengerocar

Saloon edan
Convrtbe (sedan) saooan
Pulmav saloon
Coupe
R3oadser
Starion wagon
Truok station wagon
Spoalpassge car
Mualt'-purposepass. car

Coriiercal .e e

MiniBus
Urban bus
Overandbusa
Long-distance coach
Trolleyuis
ArtCuAted bs

Speca bas

Truck

Mdlti-purpose truck
Special tack

Toingehicl ehi

Serritrater towang vohle
Agricultural tractor

Traier vehcle

Adliclated drawbar trailer

Rigiddrabar trailer

Center-axle trater
Semitrailer
Gereral-purpose tra ler
Bus trailer
Caravan
Special trailer

Vehic lcrbina ions

Passenger-carcombination
Passengerros train
Road tan
Drawber Iractor corbina!ion
Ariculated roa tra
Double road trair'
Pladorm read tra n

Deimtion, examps

Erigine-driven road venicle

SingLe-track vehice with 2 wheels, possibly with sidecar

' tht fIedehcle parts (e.g., tank) in knee area
W'he Ied vehic'e parts ic knee area
iith characIeristics of bicyces

Multiple-track power-driven vehicle

For max 9 persons

Enclosed body. naxn 4 sde doors
Convortible lopo, fxed sido panels
Slretched to preside more interior space, max 6 Side doors
Encosed body, ma.2de doors
Open body, passiyit roll bar, 2 or 4 doors
Larger interiOr with loading area
Delivery truckvan
Ambuance, recreationa veicle
Alit-erran vehicle, enlarged Saloon

Transprtp of Passengers and goods

Transport of more than 9 passengers and aggage

cax 17 passengers
Urban and subrbn scheduiled roules, seating end standing room
Overlano scheduledroutes, witrroutspecia stancing roorn
Long-distace transpor nostanding room
Electrica lypowereacromwoverhead wires
Twovethictesecionwatarticalateddesign ardvalk-throug
feature
Specal ehice bcdes. ag , for te, rdisabled, proners

Transpor of goods

Trucsa with opr oclosed body
Transpol ofp seiic good (e.g., lanes) orfor particlar
uses (ag ,t owing vehe)

Commercial vehicle for pullIng railer vehicles

Forpling traer, goods on auxilary loading aiea
FarcpullIng semitralets
Towingveie, alsoor pushng. Carrying or driv n
irterchangeuablesuie

Norr-se proled road vehicle

Vehicle wtrailer

Passgercarwith rafler
Bustrailer
Tec witht'iler
Tow ngericl wits Iraer
erntaletowing vehicle with semiraier

Seni re ehe w iraier
Track i towing vehicle wih special trailer (dolly',
the ad or A the connection between the t-o whictes

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1257



Road-vehicle systematics 717

Classification')

Category L
Motor vehicles with fewer than 4 wheels,
motorized two-wheeled and three-
wheeled vehicles.

Cat- Design Piston Top
egory displacemnent speed

L,   two-wheeled 50cm2  50
km/h

L2 three-wheeled 50 cm-1  50
km/h

L two-wheeled > 50m   So
km/h

L three-wheeled >50cm   > 50
asymmetrical km/h
to lorgitudinal
vehicle axis

L7  three-wheeled
symmetrical
to longitudinal
vehicle axis

> 50 crm3
1 1

Total
weight

> 50
km'h

Category N
Goods transport vehicles wit at least
4 wheels or with 3 wheels and a laden
weight > 1 t.

Category [ Total weight

N,   >35t5 12

> 12t

Category 0
Trailers and semitrailers

Category Total weght

0 only single- 075 t
axle lra lers

02 > 0.75 tS< 3.5 t

03 > 3.5 I 10 t

04 > lot

Category M
Passenger vehicles with at least 4 wheels
or with 3 wheels and an overall weight
> it.

Category Driver's seat Totat
- passenger we~ght
seats

M 19

M >9 <5

St

1)Vehicle classification in accordance with the Directives of the European Ccmmurty (71/320EEC)
and ECE Regulation No. 13 with regard to brake equipment.

*9
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718 Vehicle bodies (passenger cars)

Vehicle bodies,
passenger cars

Main dimensions

Interior-dimensions
DimensionalJayout depends upon body
shape, type of drive, scope of aggregate
equipment, desired interior size, luggage
compartment volume and other considera-
tions such as driving comfort, driving safety
and operating safety. Seating positions are
designed in accordance with ergonomic
findings and with the aid of templates or 3D
CAD dummy models (DIN, SAE, RAM-
SS): Body template as per DIN 33 408 for
men (51 , 50', and 95* percentile) and
women (1 , 5and 95[h percentile). For ex-
ample, the 5n percentile template repre-
sents "small" body size, i.e., only 5% of the
population have smaller bodies, and 95%
have larger body dimensions.

SAE H-point template in accordance
with SEA J826 (May 1987): 100, 50[h and
955 percentile thigh segments and lower
leg segments. For legal reasons, motor-
vehicle manufacturers in the USA and in
Canada must use the SAE H-point tem-
plate for determining the seating reference
point. Body templates in accordance with
DIN 33408 in accelerated form are partic-
ularly well suited to the dimensional design
of seats and passenger compartments.
Most motor-vehicle manufacturers round
the world use the 3D CAD dummy model
"RAMSIS" in development (RAMSIS: com-
puter-aided anthropological-mathematical
system for passenger simulation).

The hip point (H-point) is the pivot cen-
ter of torso and thigh, and roughly corre-
sponds to the hip joint location. The seat-
ing reference point (in accordance with
ISO 6549 and US legislation) or R-point
(ISO 6549 and EEC Directives/ECE Reg-
ulations) indicates the position of the de-
sign H-point in the rearmost normal driver
seating position in the case of adjustable
seats. In determining the design H-point
position, many vehicle manufacturers use
the 95 percentile adult-male position or,
if this position is not reached, the position
with the seat adjusted to its rearmost set-

ting. In order to check the position of the
measured H-point relative to the vehicle,
a three-dimensional, adjustable SAE H-
point machine weighing 75kg is used.
The seating reference point, heel point,
vertical and horizontal distance between
these two points, and body angles speci-
fied by the vehicle manufacturer form the
basis for determining the dimensions of
the driver's seating position.
The seating reference point is Lsed
-to define the positions of the eye ellipse

(SAE J941) and the eye points (RREG
77/649) as a basis for determining the
driver's direct field of view;

-to define hand reach envelopes in order
to correctly position controls and actua-
tors;

-to determine the accelerator heel point
(AHP) as a reference point for position-
ing the pedals.

The space required by the rear axle as well
as location and shape of the fuel tank pri-
marily determine the rear seating arrange-
ment (height of the seating reference point,
rear seating room, head-room) and thus
the shape of the roof rear portion. Depend-
ing on the type of vehicle being developed,
the projected main dimensionsand the re-
quired passenger sizes, there ae different
body angles for the 20 templates or body
postures (RAMSIS) and different distances
between the seating reference points of
the driver's and rear seats. The longitudi-
nal dimensions are greatly infljenced by
the height of the seating reference point
above the heel point. Lower seats require
a more stretched passenger seating posi-
tion, and thus greater interior length.

The passenger-compartment width is
dependent on the projected exterior
width, the shape of the sides Icurvature)
and the space required for door mecha-
nisms, passive restraint systerms and var-
ious assemblies (propellor-shaft tunnel,
exhaust system etc.).

Luggage-compartment dimeisions
The size and shape of the luggage com-
partment are dependent on the design of
the rear of the vehicle, the position of the
fuel tank and its volume, the position of
the spare wheel and the location of the
main muffler.
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Vehicle bodies (passenger cars) 719

Luggage-compartment capacity is de-
termined in accordance with DIN-ISO
3832 or, more commonly, with the VDA
method using the VDA unit module (a
right parallelepiped with dimensions of
200 x 100 x 50 mm - corresponds to a
volume of 1 dm3).

Exterior dimensions
The following factors must be taken into
consideration:
- Seating arrangement and luggage

compartment,
- Engine, transmission, radiator,
- Auxiliary and special equipment,
- Space required by sprung and turned

wheels (allowance for snow chains),
- Type and size of drive axle,
- Position and volume of fuel tank,
- Front and rear bumpers,

Typical internal and external dimensions (as per DIN 70020, Part 1)

L 114- L50

-W±~-l3 H 1 H83oud

L 101---2
103 -W103

Dimension Subcompact car Long car
mm mm

H 5 R-point to ground, front 460 510
H 30 R-point to accelerator heel point, font 240 300
[1 31 R-point to accelerator heel point, rear 300 310
H 61 Effective headroom, front 940 980
1 63 Effective headroom, rear 920 950
H 101 Vehicle height 1360 1400

L 13 Steering wheel to brake pedal 480 630
L 50 R-point distance (front to rear seat) 710 830
L 101 Wheelbase 2430 2880
L 103 Vehicle length overall 3840 4930
L 114 Front wheel center to R-point 1250 1590

4 3 Shoulder room, front 1310 1430
W4 4 Shoulder room, rear 1290 1420
W 5 Hip room, front 1260 1430
W 6 Hip room. rear 1240 1470
W 103 Vehicle width overall 1620 1820

Parameters which determine passenger-
cardriver'sseatlocation

z
Eyeellipse 68

Normalhand Vi

0s Woan:Bottomndgnoflhand
level with center o V2
steering wbeell M X) vM
Acefsaltspedal cc M -

inmceterposition 2

R-paiht
eel point
-L53-
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720 Vehicle bodies (passenger cars)

- Aerodynamic considerations,
- Ground clearance

(approx. 100...180 mm),
- Effect of body structure width on wind-

shield wiper system
(ADR 16, FMVSS 104).

Vision
A compromise must be found between
optimum vision and the functional layout
of components which tend to obstruct the
field of vision.
The following influencing factors must be
taken into consideration:
- Obscuration by pillars, the root, the

hood and the luggage-compartment lid.
The eye ellipse in accordance with SAE
J941 and the "eye points" in accordance
with RREG 776491) are the basis for
assessing the field of vision,

- Location, size and shape of the rear-view
mirror in accordance with RREG 79/795

-Windshield wiper pattern in accordance
with FMVSS 1042) and RREG 78/318,
Windshield curvature,

- View of instruments (obstruction of vi-
sion by steering wheel, ADR18 A3 )).

Aerodynamic effects on vehicle functions

Body design
The following technical requirements
must be met in interior and e~terior body
design:
- Mechanical functions (loweing of side

windows, opening of the hood, luggage-
compartment lid and sunroof, positions
of lamps),

- Manufacturability and ease of repair
(gap widths, bodywork assembly, win-
dow shape, protective mcding rails,
paint feature lines),

- Safety (position and shape of bumpers,
no sharp edges or points),

- Aerodynamics (air resistance, dirt on the
vehicle body, wind noises, ventilation
openings, windshield-wiper operation),

- Optics (distortion caused by window
type and slope, glare due to reflection),

- Legal requirements (position and size of
lamps, rear-view mirror, license plates),

)Directives of the Council of the European
Union.

2)Federal Motor Vehile Safety Stndard
(USA).

3)Australian Design Rule.

). tecklonal stabjlty
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Vehicle bodies (passenger cars) 721

- Design and layout of controls (positions,
shapes and surface contours),

- Clear layout (parking).

Aerodynamics
Aerodynamics deals with al processes
which are observed as air flows
through and around a vehicle.
Aerodynamic drag W= cw-A

2

where cw = drag coefficient,
A = cross-sectional area,
v = driving speed,
( = air density.

Table 1.
c, values for various vehicles

The factors to beinfluenced by the vehicle
manufacturer are the drag coefficient cw
as ameasure of the aerodynamic quality
of the vehicle shape, and the projected
vehicle cross-sectional areaA
Attemptstoreduce the valuebyadding
spoilers,underbody panels, etc. arenot
practical, since their effectdependsupon
the aerodynamic characteristicsofthe ba-
sic vehicle body(see Table 2foreffects of
individual modifications ondrag coeffi-
cient).These types of modifications in op-
timizedform are standard features of
modern vehicle design. This means that
the fittingofsupplementarydevices tof ur-
therhimprove the ce valueandthe axlelf-t
ing-force coefficient canonly result invery
minor improvements. Often, suchmodifi-
cationsresult in the impairmentofthe ve-
hicle's day-to-daycapabilities due tore-
duced overhang angle or reducedground
clearance. In other words, such add-on
parts serve more for improving the vehi-
cle's appearance than for improving its
performance.

The cw value can be influenced by indi-
vidual aerodynamic or design measures.
Airflow through the vehicle as well as roof-
mounted fixtures will always increase the
cm value. Examples (- = better, + =+
worse). Examples are given in Table 2.

Table 2.
cvalues for vehicle modifications

Effect of

Loweringvehicleheightby30mm
Smooth wheel covers
Wide tires
Windows flusr with exterior
Sealing body gaps
Underbody panels
Concealed headamps
Outs'de rear-vew mirrors
Airilow through radiator
and engine compartment

rakecooling devces
Interior ventiaticon
Open windows
Open sunroof
Roof-mounted auriboard rack

A c

approx.-5
-1..3
+2±4
a sprox.-1
-2.-5
-1..-7
+3_+10
+2...+5

+4...+14
+2...+5
approx. +1
aoprox. +5
approx. +2
approx. +40

Effect ofes%, A on fuel consumption
(mid-sized vehicle)

E

-0
a-
a

a

u..

6 ~~ ~~i ReIigzL resis

4

40 80 120 160
Driving soeed kmh

Effect of windshield slope a on thew
value
(-= better,+ worse)

7A A,
C in

50 0,345 -
550 0 .42 0.8
65 0340 -1,4
400 0.:49+1.1
30 0349 +1.1

o 0.369 +7.

16
14
12

8
6
4t

IDrivevani

Air resisnclance

cnd lex-
arce

2cm-toad
ption

-fu U -U 1+1 1

3C)RO"349
0_369
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Body structure

Unitized (self-supporting) body
(Standard design)
The conventional unitized (self-support-
ing) body is built up of hollow sheet-steel
components onto which body panels
are welded by welding robots or in multi-
spot welding units. Individual parts can
also be glued in position.

Depending upon vehicle type, roughly
5000 spot welds must be made along a
total flange length of 120...200 m. The
flange widths are 10...18 mm. Other parts
(front fenders, doors, hood and luggage-
compartment lid) are bolted to the sup-
porting structure of the body. Other types
of body construction include frame and
sandwich designs.
General requirements:

Rigidity
Torsional and bending rigidity should be
as high as possible in order to minimize
elastic deformation of the apertures for
the doors, hood and luggage-compart-
ment lid. The effect of body rigidity on the
vibrational characteristics of the vehicle
must be taken into consideration.

Vibrational characteristics
Body vibrations as well as vibrations of in-

dividual structural components as a result
of excitation by the wheels, suspension
system, engine and drivetrain can se-
verely impair driving comfort i resonance
occurs.

The natural frequency of the body, and
of those body components which are ca-
pable of vibration, must be detuned by
means of creasing and changing the wall
thicknesses and cross sections, such that
resonance and its consequences are min-
imized.

Operational integrity
Alternating stresses which can affect the
body as the vehicle is driven can lead to
incipient structural cracks or weld failure.
Areas which are particularly susceptible
are the bearing points of the running gear,
the steering system and engine units.

Body stresses due to accidents
In the event of a collision, the body must
be capable of transforming as much ki-
netic energy as possible into deformation
work while minimizing deformation of the
vehicle interior.

Ease of repair
Those components which are most sus-
ceptible to damage as a resilt of minor
accidents ("fender-benders") must be
easily replaceable or repairacle (access

Body structure
I Cross member under

windshield.
2 Roof frame, front,
3 Roof frame, side,
4 Roof frame, rear,
5 C-pillar,
6 Rear-facing panel,
7 Rear floor and

spare-wheel pan,
8 Side member rear,
9 8-pillar

10 Cross member under
rear seat,

11 A-pillar
12 Cross member under

driver's seat,
13 Side member,
14 Wheel well,
15 Engine-support cross

member,
16 Side member, front
17 Cross member, front,
18 Radiator cross member.

1 2 3 4 5 6

la 17 1615 14 13 1211109 8 7
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Vehicle bodies (passenger cars) 723

to exterior body panels from inside, ac-
cess to bolts, favorable location of joints, I
feature lines for the repainting of individ-
ual components).

Body materials

Sheet steel t
Sheet steel of various grades (see table
on P 197) is customarily used for the ve-
hicle body structure.

Sheet thicknesses range from 0.6 to
3.0 mm, with most pieces being between
0,75 and 1.0 mm thick. Due to the me-
chanical properties of steel with regard to
stiffness, strength, economy and ductility,
alternative materials for the vehicle body
structure are not yet available

-figh-strength, low-alloy (HSLA) sheet
steel is used for highly-stressed structural
components. The resulting high strength
of these components allows their thick-
ness to be reduced.

Table 3. Examples of alternative materials
Examples of Material
application

Load-bearing cotm- Thermoplastics reinforced
ponents, e.g. by glass-fiber mats
bumper beam

Moldings/covers.
e.g. front apron,
spoiler, front sec-
tion, radiator grill,
wheel-well liners,
wheel covers
Separate vehicle-
bodyc~mJronents,
e.g. hood, fender,
luggage-compart-
ment lid.
sunroof

4 4
Thermoplastics reinforced
by glass-fiber mats

Aluminum
n order to reduce weight, aluminum can
be used for separate body components
such as the hood, luggage-compartment
lid, etc.

Since 1994, an aluminum body has
been in use for one of the German luxury-
class cars. The vehicle's frame is con-
structed from aluminum extruded sec-
ions, and the sheet components are self-
supporting in integrated form (ASF Audi
Space Frame). The realization of this
principle necessitated the employment of
suitable aluminum alloys, as well as new
production processes and special repair
facilities. According to the manufacturers,
the rigidity and deformation characteris-
tics are identical to those of steel or are
even superior.

Plastics
Plastics as materials for separate body
components are used in a limited number
of cases in place of steel (see Table
below).

Abbre-
viation

PP-GMT

PP-GMT

Processing method 1

Injection pressure

Polyurethane PUR RIM (Reaction-injection-
lMolding)
HRIM (fReinforced-Reaction-
Injection-Molding)

Polyamide
Polypropylene
Polyethylene
Acrylonitrile-butadiene-
styrene copolymeres
Polycarbonate (with
Polybuladiene theraphtha-
late mod.)

PA
PP
PE
ABS

PC-PBT

Injection-molding,
glass-fiber constituent
determines elasticitv

Pfotoctive molding Polyvinylchloride PVC
rails Ethylene-Propylene- EPDM

Terpotymors Injction-moIdinglextrusion
Elatoner-moditied PP-EPOM
polypropylene

Enegy-absortig Polyurethane PUR Reac:ion foaming
foam Polypropy ene PP
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Body surface

Corrosion protection
Allowance must be made for corrosion pro-
tection as early as during the body design
phase ("Anti-Corrosion Code", Canada).
Corrosion protection measures:
- Minimize flanged joints, sharp edges

and corners,
- Avoid areas where dirt and humidity can

accumulate,
- Provide holes for pretreatment and

electrophoretic enameling,
- Provide good accessibility for the appli-

cation of corrosion inhibitor,
- Allow for ventilation of hollow spaces,
- Prevent the penetration of dirt and water

to the greatest extent possible, provide
water drain openings,

- Minimize the area of the body exposed
to stone-chip throw,

- Prevent contact corrosion.
Precoated sheet steel (inorganic zinc,
electrolytically galvanized, hot-dip galva-
nized) is often used for those components
which are particularly endangered, such
as doors and load-bearing members at
the front of the vehicle. Particularly inac-
cessible structural areas are coated with
spot-welding paste (PVC or epoxy adhe-
sive, approx. 10...15 m seam length per
vehicle) prior to assembly.

Painting (P 228)
Measures subsequent to electrophoretic
enameling:
- Covering the spot-welded seams (up to

90...110 m), folds and joints with PVC
sealing compound.

- Coating the underbody with PVC under-
seal (0.3..1. 4 mm thick, 10...18 kg per

Table 4. Paint/coating thicknesses

Coaling system.
overall thickness

-2 pm

13... 18 rn
340 um

35 .. 4 5 m

Zinc-phosphate coating
Elect'ophoretic enameling
(cathodic)
F iler
Top-paint coal

Varnek coat
(only for metalic paint) [40. 45Pm

-1--

vehicle) to protect against camage due
to stone chips. Plastic trim panels can
be used as an alternative.

- Preservation of hollow parts with pene-
trating, non-aging water-based wax.

- Use of corrosion-resistant, separate
plastic components in highly suscepti-
ble areas such as the front wheel wells
(PVC coating is not suitable here).

- Preservation of underbody and engine
compartment after final assembly.

Body finishing components

Bumpers
The front and rear of the vehic e should be
protected in such a manner that low-
speed collisions will only darrage the ve-
hicle slightly, or not at all. Prescribed
bumper evaluation tests (US Part 581,
Canada CMVSS 215, and ECE-R 42)
specify minimum requirements in terms of
energy absorption and installed bumper
height. Bumper evaluation tests in accor-
dance with US Part 581 (4 km/h barrier
collision, 4 km/h pendulum tests) must be
passed by a bumper system whose en-
ergy absorber is of the no-damage ab-
sorber type. The requirements of the ECE
standard are satisfied by plastically de-
formable retaining elements located be-
tween the bumper and the vehicle body
structure. In addition to sheet steel, many
bumpers are manufactured using fiber-re-
inforced plastics and aluminum sections.

Bumpers
I Shock-absorber system, 2 Enegy-
absorbing PUR-foam system

1 2

4_1
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Exterior trim, impact strips
Plastics have become the preferred ma-
terials for external impact strips, trim, skirts
and spoilers, and particularly for those
components whose purpose is to improve
the aerodynamic characteristics of the ve-
hie. Criteria used in the selection of the
proper material are flexibility, high-temper-
ature shape retention, coefficient of linear
expansion, notched-bar toughness, resis-
tance to scratches, resistance to chemi-
cals, surface quality and paintability

Glazing
The windshield and rear window are usu-
ally held in rubber strips and sealed or
bonded in place.

The total weight of the windows in a ve-
hicle ranges from 25 to 35 kg. Due to a
number of inherent disadvantages,
weight considerations have not yet led to
plastics (PC, PMMA) being introduced as
the substitute for glass. Due to its heat-in-
sulation and noise-damping properties,
2-layer insulating glass has come into use
for door windows.

Door latches
Door latches are of great importance with
regard to passive accident safety (perti-
nent regulations: ECE-R 11 and FMVSS
206, among others):
- Fully latched and secondary latched po-

sitions,
- Complete integrity under a longitudinal

load of up to 12 kN and a transverse
load of up to 10 kN (fully latched posi-
tion),

- Complete integrity under a longitudinal
or transverse inertia load of up to 30 , g.

Individual manufacturers have varying so-
lutions with regard to ease of operation,
anti-theft protection and child-proof oper-
ation

Seats
The strength requirements which must be
met by the seats in a collision pertain to the
seat cushion and backrest, the head re-
straints, the seat adjustment mechanism
and the seat anchors (pertinent regula-
tions: FMVSS 207, 202; ECE-R 17, 25
PREG 74/408, 78/932 and others). One
component of active safety is seating com-
fort- Seats must be designed such that ve-

hicle occupants with different body dimen-
sions do not suffer from driving fatigue.
Parameters:
- Support of individual body areas (distri-

bution of pressure),
- Lateral support when cornering.
- Seating ambience,
- Freedom of movement so that an occu-

pant can change his/her sitting position
without having to readjust the seat,

- Vibrational and damping characteristics
(matching of the natural frequency with
the excitation frequency band",

- Adjustability of seat cushion, backrest
and head restraint

The above parameters are affected by the
following:
- Dimensions and shapes of tie uphol-

stery in the seat cushion and mackrest,
- Distribution of the spring rates of indi-

vidual cushioned zones,
- Overall spring rate and dampiig capac-

ity, of the seat cushions in particular.
- Thermal conductivity and moisture-ab-

sorption capacity of the covers and up-
holstery,

- Operation and range of the seat adjust-
ment mechanisms.

Interior trim
A section of trim consists of a dimension-
ally stable core (sheet steel, sheet alu-
minum or plastic) with mounting hard-
ware, and energy-absorbing cushion
made of foam material (e.g. PUR) and a
flexible surface layer One-piece plastic
trim sections made of injection-molded
thermoplastic material are also used.

The headliner is made either as a
stretched liner or finished liner The ma-

Section through an A-pillar with irim
fPrinciple)
I Core, 2 Foam, 3 Fim, 4 Windshield,
5 Side window 6 Door frame

2
-, 3

4< r5
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terials used must be flame-retardant and
slow burning (FMVSS 302).

Safety
Active safety
Prevention of accidents
Passive safety:
Reduian of accident consequences

Active safety

Driving saftyis the result of a harmo-
nious chassis and suspension design with
regard to wheel suspension, springing,
steering and braking, and is reflected in
optimum dynamic vehicle behavior

Conditionalsa fety results from keeping
the physiological stress that the vehicle
occupants are subjected to by vibration,
noise, and climatic conditions down to as
low a level as possible. It is a significant
factor in reducing the possibility of misac-
tions in traffic.

Vibrations within a frequency range of 1
to 25 Hz (stuttering, shaking, etc.) in-
duced by wheels and drive components
reach the occupants of the vehicle via the
body, seats and steering wheel. The ef-
fect of these vibrations is more or less
pronounced, depending upon their direc-
tion, amplitude and duration

Noises as acoustical disturbances in

Safety in traffic. Terms and influencing factors

Mintrafic

and around the vehicle can come from in-
ternal sources (engine, transmission,
propshafts, axles) or exterial sources
(tire/road noises, wind noises), and are
transmitted through the air o- the vehicle
body. The sound pressure level is mea-
sured in dB(A) (see also PR 52).

Noise reduction measures are con-
cerned on the one hand withhe develop-
ment of quiet-running components and
the insulation of noise sources (e.g., en-
gine encapsulation), and on the other
hand with noise damping by means of in-
sulating or anti-noise materials.

Climatic conditions inside the vehicle
are primarily influenced by air tempera-
ture, air humidity, rate of air hlow through
the passenger compartment and air pres-
sure (see PP 364 for additional informa-
tion).

Perceptibility safely
Measures which increase perceptibility
safety are concentrated on
- Lighting equipment (see P. 738),
- Acoustic warning devices (see P 766),
- Direct and indirect view (ee R 720)

(Driver's view: The angle of obscura-
tion caused by the A-pillars for both of
the drivers eyes - binocular- must not
be more than 6 degrees).

Operatin safety
Low driver stress, and thus a high degree
of driving safety, requires optimum design

[Erivi nm ntVhicle 
n

Driving sa fety Exteriorsafety Interiorsafety Interiorimpact
Conditional safety Deformation behavior of veh clebody areas

I SteigssePerceptibility safety Exterior body shape Passenger-cell Steeringsystem
II strength Occupantextrication

Operational safety Smooth surface s ni

Restraint system Fire protection

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1267



Vehicle bodies (passenger cars)

of the driver's surroundings with regard to
ease of operation of the vehicle controls.

Passive safety

Exterior safety
The term "exterior safety" covers all vehicle-
related measures which are designed to
minimize the severity of injury to pedestri-
ans and bicycle and motorcycle riders
struck by the vehicle in an accident. Those
factors which determine exterior safety are:
- Vehicle-body deformation behavior,
- Exterior vehicle-body shape.

The primary objective is to design the ve-
hicle such that its exterior design mini-
mizes the consequences of a primary col-
lision (a collision involving persons out-
side the vehicle and the vehicle itself).

The most severe injuries are sustained
by passengers who are hit by the front of
the vehicle, whereby the course of the ac-
cident greatly depends upon body size,
The consequences of collisions involving
two-wheeled vehicles and passenger cars
can only be slightly ameliorated by passen-
ger-car design due to the two-wheeled ve-
hicle's often considerable inherent energy
component, its high seat position and the
wide dispersion of contact points. Those
design features which can be incorporated
into the passenger car are, for example:
- Movable front lamps,
- Recessed windshields wipers,

- Recessed drip rails,
- Recessed door handles.
See also ECE-R26, RREG 74/483

Interior safety
The term "interior safety" covers vehicle
measures whose purpose is to minimize
the accelerations and forces acting on the
vehicle occupants in the event of an acci-
dent, to provide sufficient survival space,
and to ensure the operability of those ve-
hicle components critical to the removal of
passengers from the vehicle after the ac-
cident has occurred.
The determining factors for passenger
safety are:
- Deformation behavior (vehicle body),
- Passenger-compartment strength, size

of the survival space during and after
impact,

- Restraint systems,
- Impact areas (vehicle interiorA,

(FMVSS 201),
- Steering system,
-Occupant extrication,
- Fire protection.

Laws which regulate interibr safety
(frontal impact) are:
- Protection of vehicle occupants in the

event of an accident, in particular re-
straint systems (FMVSS 208, ECE R94,
injury criteria),

- Windshield mounting (FMVSS 212),

Risk to pedestrians in event of collisions with passenger cars
as a function of impact frequency and seriousness of injury (based on 246 collisions)

Ot
19% 3 H5% 30% 14% 45% 1.2% 0.1% 3
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h ars
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- Penetration of the windshield by vehicle
body components (FMVSS 219),

- Parcel-shelf and compartment lids
(FMVSS 201).

Rating-Tests:
- New-Car Assessment Program (NCAP,

USA, Europe, Japan, Australia),
- IIHS (USA, insurance test),
- ADAC, ams, AUTO-BILD.

Deformation behavior of vehicle body
Due to the frequency of frontal collisions,
an important role is played by the legally
stipulated frontal impact test in which a
vehicle is driven at a speed of 48.3 km/h
(30 mph) into a rigid barrierwhich is either
perpendicular or inclined at an angleof up
to 30 relative to the longitudinal axis of
the car.

Because 50% of all frontal collisions in
right-hand traffic primarily involve the left-
hand half of the front of the vehicle, man-
ufacturers worldwide conduct left asym-
metrical front impact tests on LHD vehi-
cles covering 30...50% of the vehicle
width.

In a frontal collision, kinetic energy is
absorbed through deformation of the
bumper, the front of the vehicle, and in se-
vere cases the forward section of the pas-
senger compartment (dash area). Axles,
wheels (rims) and the engine limit the de-
formable length. Adequate deformation
lengths and displaceable vehicle aggre-
gates are necessary, however, in order to

Distribution of accidents by type of
collision
Symbolized by test methods yielding equal
results

minimize passenger-compartment accel-
eration. Depending upon vehicle design
(body shape, type of drive and engine
position), vehicle mass and size, a frontal
impact with a barrier at approx. 50 km/h
results in permanent deformation in the
forward area of 0.4...0.7 m. Damage to
the passenger compartment should be
minimized. This concerns primarily
-dash area (displacement of steering

system, instrument panel, )edals, toe-
panel intrusion),

- underbody (lowering or tiltirg of seats),
the side structure (ability 10 open the
doors after an accident).

Acceleration measurements and evalu-
ations of high-speed films enable defor-
mation behavior to be analyzed precisely,
Dummies of various sizes are used to
simulate vehicle occupants and provide
acceleration figures for head and chest as
well as forces acting on thighs.

Head acceleration values are used to
determine the head injury criterion (HIC).
The comparison of measured values sup-
plied by the dummies with the permissible
limit values as per FMVSS 208 (HIC:
1000, chest acceleration: 60g/3ms, up-
per leg force: 10kN) are only limited in
their applicability to the human being.

Theside impact,as the next most fre-
quent type of accident, places a high risk
of injury on the vehicle occupants due to
the limited energy absorbing capability of
trim and structural components, and the
resulting high degree of vehicle interior
deformation.

The riskof injury is largely influenced by
the structural strength of the side of the
vehicle (pillar/door joints, top/bottom pillar
points), load-carrying capac ty of floor
cross-members and seats, as well as the
design of inside door panels (FMVSS 214,
ECER95, Euro-NCAP, US-SINCAP).

In the rear impact test, deformation of
the vehicle interior must be minor at most.
It should still be possible to open the
doors, the edge of the trunk lit should not
penetrate the rear window and enter the
vehicle interior, and fuel-system integrity
must be preserved (FMVSS 301).

Roof structures are investigated by
means of rollover tests and quasi-static
car-roof crush tests (FMVSS 216).

X 20
10%

16%
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Acceleration, speed and distance traveled, of a passenger compartment when
impacting a barrier at 50 km/h

Acce leration

Speed

Distance

0 20 40 60 80 100 ms
Time

In addition, at least one manufacturer
subjects his vehicles to the inverted vehi-
cle drop test in order to test the dimen-
sional stability of the roof structure (sur-
vival space) under extreme conditions
(the vehicle falls from a height of 0.5 m
onto the left front corner of its roof)-

Steering system
Legal requirements (FMVSS 203 and
204) regulate the maximum displacement
of the top end of the steering column to-
ward the driver (max. 127 mm, frontal im-
pact at 48.3 km/h) and the limit of the im-
pact on the steering system of a test piece
(maximal 1111 daN at an impact speed of
24.1 km/h). Slotted tubes, corrugated
tubes and breakaway universal joints
(among others) are used in the design of
the lower section of the steering column
spindle so that it can be deformed both
longitudinally and transversely,

Inertia-reelseat-belt system
I Seat belt, 2 Ratchet wheel, 3 Inertia-reel
shaft, 4 Pendulum, 5 Pawl fin locked
position).

1 2 3

vi5

Passenger restraint systems ,P 803)

Automatic seat belt (manual systems)
The most frequently installed three-point
seat belt with retractor mechanism ("auto-
matic seat belt") represents a good com-
promise between effective safely, ease of
buckling, comfort and cost, When a spe-
cific vehicle-deceleration value is
reached, a built-in, quick-response Inter-
lock inhibits the seat-belt roller.

Seat-belt tightener systems
Seal-belt tightener systems represent a
further development and improvement of
the three-point automatic seat-belt sys-
tems. By reducing seat-belt slack, they
eliminate excessive forward passenger
movement in serious accidents. This in
turn reduces the differential speed be-
tween the vehicle and passengers, and
thus also reduces the corresponding

Seat-belt tigihener (Example)
I From sensor
2 Firing pelilt,
3 Solid propellaN,
4 Tensioning cable,
5 Cylinder,
6 Piston,
7 Seat belt. 1

C
0

(D

0-
9-

-40 -

-80-

-120L

50
km/h

30-

20-
10-

0-[
-10

buu
mm
400

52GO

0

2 * -6
2-7

3 -7/

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1270



730 Vehile bodies (passenger cars)

forces acting on the passengers.
Integrated belt-force limiters ensure that

controlled give of the belt takes place after
it has been tightened, so as to prevent po-
tential overloading in the chest area.

Airba systems
Airbags (frontal airbags, side bags, win-
dow bags) serve to prevent or reduce the
impact of the occupant against interior ve-
hicle components (steering wheel, instru-
ment panel, doors, windows, roof pillars).

Calculations

Finite-Element Method
The Finite-Element Method (FEM) can be
used to calculate static, dynamic and
acoustic characteristics of components
and complete bodies. In finite-element
analysis, a support structure of any de-
gree of complexity is broken down into
simple structural elements (beams, shells
and solid elements etc,), of which the
elastic behavior is known and can be eas-
ily defined. These elements are then as-
sembled to form the overall structure, tak-
ing into account compatibility conditions.

This enables a mathematical model to
be constructed in such a manner that it
sufficiently corresponds to the actual
body in terms of its elastic characteristics.

A number of systems are available
for practical FE calculation, such as PER-
MAS, NASTRAN, ABAQUS and
DYNA3D.

Advantages of FEM:
- Characteristics of structures of any level

of complexity can be calculated,
- Anisotropic and non-linear material

properties can be taken into account,
- Variations can be rapidly examined,
- Tried and tested program systems are

available (easy to incorporate into the
CAD/CAM chain.

Limits of FEM:
- Accuracy is dependent on Element type

and precision of element distribution
within the structure,

- Changes in sheet-metal thicknesses
and material characteristic values re-
sulting from the deep-draing process
are not taken into account,

- Welding joints cannot be precisely repli-
cated in the model.

Complete body calculation
For the calculation, the bodywork struc-
ture is broken down into elements with the
required level of precision depending on
the problem to be solved (as at 1999: up
to approx. 300,000 elementswith over 1.8
million unknowns). Results under static

Calculation of a vehicle
body stncfare Structural body Overall body

components Rigidity
Strength Vibrations

Crash behavior .... Acoustics
Frontal impact
Side impact
Rear impact
Rollover

'I Fenders

Doors, hood and trunk lid
Aerodynamic forces

Bumpers Seats, steering Dents
Bendable bars Vibrations Vibration patterns
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The structural analysis process using the finite-element method

Objective of ana- Type of analysis, Type01fIelements,
lysi, evluaion 1 ... ncs, o dereeof refmne-

criteria acoustics._..n

Input of loadsn Input of material Preparation of
bearing points properties and ele- finite-element

menitthicknesses network

- - - - no-
Analysisusing rCheckwhether Selection of way
finite-element results areme- in which results
program system chanically realistic aredisplayed, plot

L no -- - - -yes

Ergonomicinter- HMustadditional Checlkusingconi-
pretation, is re- loads be analyzed? 4 parable calcula-
quirement met? tionsimeasuremE~nts

load are supplied in the form of deforma-
tions, stresses and deformation work.

Strength analysis
Detailed analyses are carried out for indi-
vidual parts and body sections which are
exposed to special stresses caused by
factors such as e.g. restraint systems or
towed loads. The aim of these analyses is
to furnish proof of adequate strength orto
reduce unacceptably high stresses by
modifying the design

Analysis of dynamic behavior
Dynamic analyses are carried out both for
the complete body and for the individual
components. In these analyses, the nat-
ural vibration (frequencies, forms of vibra-
tion) and the system's response to peri-
odic or generally time-dependent excita-
tion is determined. In this way, critical
resonances can be identified and the
loads which determine operational in-
tegrity can be defined.

For the examination of ride comfort and
acoustical behavior in the vehicle interior,
FE models of the chassis, engine, doors
etc., as well as a model of the interior, are
added to the body model.

Analysis of crash behavior
Accident tests carried out by automobile
manufacturers (frontal, rear and side im-
pacts, rollover and drop tests) as well as
traffic accidents, are dynamic, to a large
degree non-linear processes which can-
not be described using the current FE
programs. Special FE program systems
(e.g., DYNA3D, PAM-CRASH) have been
developed for numerical simulation of
these processes, and are proving suc-
cessful in the field. These systems in-
clude analysis of severe plastic deforma-
tions as well as recording of the contact
areas arising between various vehicle
parts during crash processes.

Analysis of occupant-protection
systems
The following main tasks are carried out
with the aid of computer simulaion:
- Design/optimization of restraint sys-

tems with regard to front- and rear-end
impacts by means of crash-test sled
simulations in the cases in which the in-
teraction between structire and
dummy is negligible. The tool for this
purpose is a multibody syttem (e.g.
Madymo 3D) in conjunction with an FE

I
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program system (e.g. LS-DYNA-3D).
- Design of protective components with

regard to side impacts in integrated
simulations, i.e. complete-vehicle simu-
lations with dummy, seat and moldings-
Calculation with FE program system
(LS-DYNA-3D).

- Design and optimization of cushioning
measures (in accordance with FMVSS
201) with regard to satisfying protective
criteria. Calculation with FE program
system (LS-DYNA-3D).

Recycling, environmental protection
The automobile manufacturers are mak-
ing progress in their endeavors to main-
tain clean water and air, prevent noise
pollution and recycle raw materials:
- The recycling quota for metallic materi-

als is 95%.
- The recycling quota for plastics is ap-

proximately 14%. In cooperation with
the chemical industry and the suppliers
of plastic components, intensive efforts
are being made to further improve this
figure.

- Exhaust-gas purification and recovery
of high-value catalyst materials.

- Recycling of battery materials.
- Chlorofluorocarbons (CFCs) are no

longer used as refrigerants or as ex-
panding agents in the manufacture of
plastics.

- Solvents for body degreasing are a
most entirely free of chlorinated hydro-
carbons water-based paints are used
in dip-priming.

- Water-based paints for top coating are
in use.

- Reprocessing of manufacturing agents,
e.g. oil, coolant, antifreeze

- Recycling of some 60% of residual ma-
terials (e.g. scrap metal, waste paper,
leather, textile and wood waste).

Vehicle bodies,
commercial vehicles

Commercial vehicles

Commercial vehicles are used for the safe
and efficient transportation of persons
and goods, In this respect, the degree of
economic efficiency is determined by the
ratio of usable space to overall vehicle vol-
ume, and of useful load to laden vehicle
weight. Dimensions and weights are lim-
ited by legal regulations.

From the design-concept viewpoint, a
distinction must be made tetween cab-
over-engine (COE) and cab-behind-en-
gine (CBE) vehicles.

A wide variety of vehicle types meet the
demands of local and long-distance trans-
portation, as well as the demands en-
countered on building sites and in special
applications.

, Commercial vehicles

Delivery
trucks
and vans

Truck

Road Train

Large- c
capacity
road train

Semi-
trailer rig

Bus

.j
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Delivery trucks and vans

These are light-duty trucks (2_.7 t) used
in the transportation of persons and in lo-
cal goods distribution. In fulfilling this
function stringent demands are made on
the vehicle in terms of mobility, maneu-
verability, performance, operating comfort
and safety. The design concepts are
based on front-mounted engine, front or
rear-wheel drive, independent suspen-
sion or rigid axle and, from 3.5 t laden
weight, twin tires on the rear axle.

The product range includes enclosed-
body multi-purpose vehicles and vans, as
well as low-bed and high-bed platform-
body vehicles with special superstruc-
tures and double cabs.

In small delivery trucks and vans, the
bodies form an integral load-bearing unit
together with the chassis.

The body and chassis frameworks con-
sist of sheet-metal pressed elements and
flanged profiles. Platform-body vehicles
have a ladder-type frame with open or
closed side members and cross members
as the primary load-bearing structure.

Delivery trucks and vans

Van

Double-cab
low-bed
truck A 6

Platform-
type high-
bed truck

Chassis

Delivery-truckload-bearingunit

Large delivery trucks and vans mostly
have their own framework and a separate
body.

Medium- and heavy-duty
trucks and tractor vehicles
The vehicles in this sector have either a
load-bearing chassis or part ally load-
bearing body. In most cases the engine is
at the front. It is seldom fitted as an un-
derfloor engine between the axles. The
vehicle is driven via the twin-tire axle(s).
In individual cases, the rear a le is fitted
with single tires. For building-site (off-
road) use with high traction requirements,
all-wheel drive with longitudinal and
cross-lock technology is applied.

Type of truck undercarriage (see Figure
below):
Nx Z/L
N = Number of wheels
Z= Number ofdriven wheels
L= Number of steered wheels

(twin wheels count as one wheel)

Normal chassis have leaf- or pneumati-
cally-sprung rigid front and rear axles.
Pneumatic suspension facilitates the sim-
ple mounting and removal of interchange-
able bodies and unhitching of sei-trailers-
Three-axle vehicles (6x2) are fitted with ei-
ther a leading or a trailing axle (ir front of or
behind the driven axle) to increase the use-
ful load. High-traction x4 vehicles for use
on building sites have a twin-axle configura-
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734 Vehicle bodies (commercial vehicles)

Types of truck undercarriage (examples)

4x2 6x4

D 6 x 2/4 00 8 x 6/4

tion with axle-load compensation and cen-
ter bearing point or air-sprung single axles.

Chassis frames
The chassis frame is the commercial ve-
hicle's actual load-bearing element. It is
designed as a ladder-type frame, consist-
ing of side and cross members. The
choice of profiles decides the level of tor-
sional stiffness. Torsionally flexible frames
are preferred in medium- and heavy-duty
trucks because they enable the suspen-
sion to comply better with uneven terrain.
Torsionally stiff frames are more suitable
for smaller delivery vehicles and vans.

Apart from the force introduction points,
critical points in the chassis-frame design
are the side-member and cross-member
junctions. Special gusset plates or
pressed cross-member sections form a
broad connection basis. The junctions are
riveted, bolted and welded. U- or L-
shaped side-member inserts provide in-
creased framework flexural strength and
reinforcement at specific points

Driver's cab
There are a variety of cab designs avail-
able depending on the vehicle concept. In
delivery vehicles and vans, low, conve-
nient entrances are an advantage,
whereas in long-distance transport space
and comfort are more important. Modular
design concepts allow for short, medium
and long cab versions while retaining the
same front, rear and doors

In the case of cab-over-engine (COE)
vehicles, the steering system is posi-
tioned right at the front of the vehicle. The
engine is located under the cab or under

an engine tunnel between the driver and
the co-driver. The entrance is positioned
in front of or above the front axle. A me-
chanical (pretensioned torsioi bar) or hy-
draulic cab-tipping mechanism ensures
good access to the engine.

In cab-behind-engine (CBE) vehicles,
the engine/transmission assembly is
mounted ahead of the cab firewall beneath
a steel or plastic hood (which is usually
tiltable for reasons of accessibility). The
driver enters the cab behind the front axle.

Ladder-type frame

~ S Ss eave

[ O 2.5C C/A 1

Frame junctions
I Cap cross-member, 2 U-cross member

2
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Bodies
Specific body structures such as fIatbeds,
standard vans, box vans, dump-truck
deep-beds, tankers, concrete mixers etc.
permit the economical and efficient trans-
portation of a wide variety of goods and
materials. Connection between body and
load-bearing chassis frame is effected in
part by means of auxiliary frames with
non-positive or positive attachments.

Road trains and semitrailer rigs are
used in long-distance transport. As the
size of the transportation unit increases,
the costs relative to the freight volume de-
crease.

Load volume is increased by reducing
the empty spaces between cab, cargo
area and trailer (high-capacity road train)
Advantages of semitrailer rigs lie in the
greater uninterrupted loading length of
the cargo area and the shorter inoperative
times of the tractor units. Measures to im-
prove aerodynamics, such as front and
side trim on the vehicle and specially
adapted air deflectors from the cab to the
body, are applied to minimize fuel con-
sumption.

Truck assemblies
I Body, 2Axle, 3 Chassis frame,

4 Transmission, 5 Engine 6 Cab

1 2 3 4 5 6

Driver's cab
1 Cab over engine (COE),
2 Cab behind engine (CBE)

2

tl 5 -- 70

Buses
The bus market offers a specific vehicle
for practically every application. This has
resulted in a wide range of bus types,
which differ in their overall dimensions
(length, height, width) and appointments
(depending on the application).

Microbuses
Microbuses carry up to approx. 19 pas-
sengers. These vehicles have been de-
veloped from delivery trucks or vans
weighing up to approx. 4.5 t.

Minibuses
Minibuses carry up to approx. 25 passen-
gers, These vehicles have been devel-
oped from delivery trucks or vans weigh-
ing up to approx. 7.5 t. They are occa-
sionally built on the ladder-type chassis of
light-duty trucks. A modified sispension
design and special measures carried out
on the body result in optimum ride comfort
and noise levels

Bus types

Micro-
bus

Mini-
bus 4 i

Midi-

bus

City
bus

Tour bus
(long-
distance
coach)

0 0 -OW

735
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Midibuses
Depending on the application, midibuses
can carry up to approx. 35 passengers (in
tour buses) and up to approx. 65 passen-
gers (in city buses). These vehicles weigh
up to approx. 12.5 t and are predomi-
nantly built on the ladder-type chassis of
light-duty trucks. There are also integral-
framework designs in operation. A modi-
fied suspension design and special mea-
sures carried out on the body result in op-
timum ride comfort and noise levels.

City buses
City buses are equipped with seating and
standing room for scheduled routes. The
short intervals between stops in suburban
passenger transportation operations ne-
cessitate a rapid passenger turnover. This
is achieved by wide doors that open and
close swiftly, low boarding heights (ap-
prox. 320 mm) and low floor heights (ap-
prox. 370 mm).

Main specifications for a 12 m standard
public-service bus
Vehicle length approx. 12 m,
Total weight 18.0 t,
Number of seats 32..44,
Total passenger capacity approx. 105
persons.

The use of double-decker buses (length
12 m carrying up to approx. 130 passen-
gers), three-axle rigid buses (;ength up to
15 m carrying up to approx. 135 passen-
gers) and articulated buses (approx. 160
passengers) provides increased transport
capacity

Intercity buses or touring coaches
Depending on the application (standing
passengers are not permitted at u >
60 km/h), either low-floor designs featur-
ing the low boarding and floor heights of
public-service buses are used, or buses
are employed which, with their higher
floors and small luggage conpartments,
are already very much like tour buses.
Overland buses come in lengths of
11.15 m as rigid vehicles or in lengths of
18 m as articulated vehicles.

Tour buses (long-distance coaches)
Tour buses are designed to provide com-
fortable travel over medium and long dis-
tances. They range from the low, two-axle
standard bus through to the double-
decker luxury bus and come in lengths of
approx. 10...15 m.

Body structure
Light design based on an integral body,

Integral bus body

~..........
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The body and base frames, which are
firmly welded together, consist of pressed
grid-type support elements and rectangu-
lar tubes.

Undercarriage
The horizontally or vertically mounted en-
gine drives the rear axle. Pneumatic sus-
pension at all axles permits ride-level sta-
bilization and a high degree of ride com-
fort. Intercity buses and touring coaches
are mainly equipped with independent
wheel suspension on their front axles.
Disk brakes, frequently supported by re-
tarders, are used on all the axles.

Passive safety in commercial
vehicles
Passive safety is intended to limit the con-
sequences of accidents and to protect
other road users. Systematic recording of
accidents, accident tests with complete
commercial vehicles and intensive com-
puter optimization help to devise safety
measures.

In the event of a collision, the driver's
cab and the passenger compartment
must maintain the amount of room neces-
sary for occupant survival, while at the
same time deceleration must not be ex-
cessive. Depending upon vehicle design,
there are a variety of solutions to this
problem.

In delivery trucks and vans, front-sec-
tion design is energy-absorbing as in pas-
senger cars. In spite of shorter deforma-
tion routes and higher levels of released
energy, the physiologically permissible
limits are not exceeded in the case of vir-
tually all passenger-car crash-test stan-
dards (legal requirements and rating
tests),

In the case of trucks, the side members
extend up tothe front bumper and can ab-
sorb high longitudinal forces. Such pas-
sive-safety measures are based on acci-
dent analyses and are intended to im-
prove the structural design of the cab.
Static and dynamic stress and impact
tests at the front and rear of the cab, as
well as on its roof, simulate the stresses
involved in a frontal impact and in acci-

dents in which the vehicle overturns or
rolls over, as well as in which the load
shifts.

Statistical analyses have proved that
the bus is one of the safest meais of pas-
senger transportation. Static roof-load
tests and dynamic overturning tests pro-
vide evidence of body strength The use
of flame-retardant and self-extinguishing
materials for the interior of the vehicle
minimizes the risk of fire.

Because road traffic involves many dif-
ferent kinds of vehicles, collisions be-
tween light and heavy vehicles are un-
avoidable. As a result of the differences in
vehicle weight, and incompatibility in
terms of vehicle geometry and structural
stiffness, the risk of injury in the ighter ve-
hicle is greater. The formulas below de-
fine the change in speed during a normal
(non-oblique) plastic impact for frontal or
rear collisions between two vehicles

Vehicle 1 Ac

Vehicle 2 Ac2 =

1 4-u1+9

where P = m 2/n 1

n, m2= masses of the vehicles involved,
v relative speed prior to impact.

Side, front and rear underride guards help
to reduce the danger of the lightar vehicle
driving under the heavier vehicle in the
event of a collision. In other words, they
serve to protect other road users.

Rear underride guard for commercial
vehicles

-1

.0

max,--50

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1278



738 Lighting

Lighting

Functions

Vehicle front end
The primary function of the headlamps at
the vehicle front end is to illuminate the
roadway so that the driver can register the
traffic conditions and recognize any obsia-
cles and hazards in good time. They also
serve to identify and mark out the vehicle
to oncoming traffic. The turn-signal lamps
serve to show the driver's intention to
change direction or to indicate a haz-
ardous situation. The headlamps and
lights at the front end includethe following:
- Low-/high-beam headlamps,
- Fog lamps,
- Auxiliary driving lamps,
- Turn-signal lamps,
- Parking lamps,
- Side-marker/clearance lamps (wide

vehicles) and
- Daytime running lamps (if required by

law in individual countries).

Vehicle rear end
Lights are turned on at the vehicle's rear
end in accordance with the weather con-
ditions and indicate the vehicle's position.
They also indicate how the vehicle is mov-
ing and in which direction, e.g. whether it
is traveling unbraked straight ahead, or
whether the brakes are applied or the dri-
ver is intending to change direction, or
whether a hazardous situation exists. The
backup lamps illuminate the roadway
while the vehicle is backing up/reversing.
The lamps/lights at the rear end include
the following
- Stop lamps,
- Tail lamps,
- Fog warning lamps,
- Turn-signal lamps,
- Parking lamps,
- Clearance lamps (wide vehicles),
- Backup lamps and
- License-plate lamps.

Vehicle interior
In the vehicle interior, priority over all
other functions is given to the ease and
reliability with which the switch elements

can be reached and operated and to pro-
vide the driver with sufficient information
on the vehicle's operating slates (while
distracting him/her from driving as little as
possible). A well-lit instrument panel
(R 783) and discreet lighting of the vari-
ous functional groups, such as the radio
or navigation system, are absolutely es-
sential to ensure relaxed and safe driving.
Optical and acoustic signals must be pri-
oritized according to their urgency and
then relayed to the driver.

Regulations

Approval codes and symbols
Automotive lighting equipment is gov-
erned by national and international de-
sign and operating regulatiors according
to which the equipment in qLestion must
be manufactured and tested. Each class
of illumination device is assigned a spe-
cific approval code. The symbol for this
code must be legible e.g. on all lenses for
headlights and other vehicle lamps. This
also applies to approved replacement
headlamps and lights.

If a device has one of thEse approval
symbols, this indicates that it has been
tested by a technical service body and ap-
proved by an official approval authority (in
Germany: Federal Motor-Vehicle Agency).
All units which are series-produced and
assigned an approval symbol must con-
form in all respects to the approved unit.
Examples of approval symbols:

PJ1 K National test symbol D,

O ECE test symbol,

[10 EU test symbol.

The number 1 following each letter for ex-
ample indicates that approval has been
granted in Germany,

In Europe, installation of all automotive
lighting and visual signaling equipment is
governed not only by national guidelines
but also by the higher European directives
(ECE: whole of Europe, EU and Japan)
in the course of the ongoing union of Eu-
rope, the implementation regulations are
being increasingly simplified by the har-
monization of directives and legislation.
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Bosch headlamps conform to the applica-
ble ECE and EU directives and can there-
fore be used in all ECE and EU countries
regardless of the country in which they
were acquired.

In the USA, lighting equipment is gov-
erned by regulations that are very differ-
ent from those in Europe. The principle of
self-certification compels each manufac-
turer as an importer of lighting equipment
to ensure and in an emergency to furnish
proof that his products conform 100% to
the regulations of FMVSS108 laid down
in the Federal Register. There is therefore
no type approval in the USA. The regula-
tions of FMVSS 108 are partly based on
the SAE industry standard.

Motor vehicles which for instance are
reimported into Europe must be refitted to
comply with the European directives.

Photometric terms and definitions

Headlamp range
The distance at which the headlamp
beam continues to supply a specified lu-
minous intensity: mostly the 1 lux line at
the right side of the road (RH traffic).

Headlamp geometrical range
This is the distance to the horizontal por-
tion of the light/dark cutoff line on the road
surface. A low-beam inclination of 1% or
10cm per 10meters results in a geomet-
ric range equal to 100 times the head-
lamp's installation height (as measured
between the center of -the reflector and
the road surface).

Visual range
Distance at which an object (vehicle, ob-
ject etc.) within the luminous distribution
field is still visible.

The visual range is influenced by the
shape, size and reflectance of the objects,
road-surface type, headlamp design and
cleanliness, and the physiological condi-
tion of the driver's eyes. Because of this
large number of influencing factors, it is
not possible to quantify this range using
precise numerical definitions. Under ex-
tremely unfavorable conditions (with RH
traffic, on the left side of a wet road sur-
face) the visual range can fall to below
20 m. Under optimal conditions it can ex-

tend outwardto more than 100 m (with RH
traffic, on the right side of the road).

Signal idientif ication distance
Maximum distance at which a visual sig-
nal (e.g. fog warning lamp) remains just
visible in fog or other inclement weather
conditions,

This is the quantifiable reduction in visual
performance that occurs in response to
light sources emitting glare. An example
would be the reduction in visual ange that
occurs as two vehicles approach one an-
other.

Glare, psychological
(discomfort glare)
This condition occurs when a glare
source induces discomfort without, how-
ever, causing an actual reductioi in visual
performance. Psychological glare is as-
sessed according to a scale defining dif-
ferent levels of comfort/discomfort

Reflector focal length
Conventional reflectors for headlamps
and other automotive lamps are usually
parabolic in shape. The focal length f
(distance between the vertex of the
parabola and the focal point) is between
15 and 40 mm.

Free-form reflectors
The geometrical configurations of modern
reflectors are generated using complex
mathematical calculations (HNS, Homo-
geneous Numerically Calculated Sur-
face). Here, the low mean focal length/ is
defined relative to the distance between

Parabolic reflector
FFocalpoint,SVertex,
f Focallength.

-4

S F

f

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1280



740 Lighting

the reflector's vertex and the center of the
filament. Typical values are between 15
and 25 mm

In the case of reflectors partitioned with
steps or facets (PD2 Partition Design 2),
each partition can be created with its own
mean focal lengthf

Reflector illuminated area
Parallel projection of the entire reflector
opening onto a transverse plane. The stan-
dard reference plane is vertically perpen-
dicular to the vehicle's direction of travel.

Effective luminous flux, headiamp
efticiency ratings
The first of the above is that portion of the
light source's luminous flux able to supply
effective illumination via its reflective or
refractive components (for instance, as
projected onto the road surface via the
headlamp reflector). A reflector with a
short (or limited mean) focal length makes
efficient use of the incandescent filament
because such a reflector extends outward
to encompass the bulb, allowing it to con-
vert a large proportion of the luminous
flux into a useful beam of light,

Angles of geometric visibility
Those angles, defined relative to the axis
of the lighting device, at which the illumi-
nated surface must be visible.

Definitions of device design

Grouped design
A single housing, but with different lenses
and bulbs.
Example: Multichamber rear-lamp as-
semblies containing different individual
light units.

Combined des4gn
Asingle housing and bulb assembly with
more than one lens
Example: Combined rear lamp and li-
cense-plate lamp,

Nested design
Common housing and lens, but with indi-
vidual bulbs.
Example: Headlamp assembly with built-
in side-marker lamp.

Main headlamps,
European system

Low beam (dipped beam)
The high traffic density on modern roads
severely restricts the use of high-beam
headlamps. Under most standard condi-
tions, the low beams are the actual driving
lamps. Basic design modifications have
allowed substantial improvements in low-
beam performance. These include:
- Introduction of the asymmetrical low-

beam pattern. characterizec (RH traffic)
by an extended visual range along the
right side of the road,

- Official approval for various types of
halogen lamps, making it possible to
enhance the luminous intensity at the
road surface by 50.80%.

- Introduction of innovative headlamp sys-
tems featuring complex georietrical con-
figurations (PES, HNS, PD2) designed to
improve efficiency levels by up to 50 %.

-The "Litronic" gaseous-discharge head-
lamp (with luminous arc) supplies more
than twice the light generated by com-
parable halogen units.

Low-beam headlamps reqJire a light/
dark cutoff line in the light distribution,
This is generated in halogen headlamps
with H4 bulbs and in Litronic headlamps
with a D2R bulb by reflecting the cap (H4)
or the light shield (D2R). In headlamps
with all-round use (H1, H7, B4 bulbs),
the light/dark cutoff line is created by

Low beam (projection pattern, H4 amp)
I Low-beam filament, 2 Shield

11

2
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specifically reflecting the filaments.
The "dark above/bright below" distribu-

tion pattern resulting from the light/dark
cutoff line furnishes acceptable visual
ranges under all driving conditions. This
configuration holds the glare to which ap-
proaching traffic is exposed within rea-
sonable limits while at the same time sup-
plying relatively high levels of illumination
in the area below the light/dark cutoff line.

The light distribution pattern must com-
bine maximum visual ranges with minimum
glare. These demands are supplemented
by other requirements affecting the area di-
rectly forward of the vehicle. For instance,
the headlamps must provide assistance
when cornering, i.e., the light distribution
pattern must extend beyond the left and
right-side extremities of the road surface.

Automotive headlamp performance is
subject to technical assessment and veri-
fication. Among the requirements are
minimumilluminancelevels,toensuread-
equate road-surface visibility, and maxi-
mum intensity levels, to prevent glare
(points for measuring illuminance, P. 742).

Headlamp versions

Conventional headlamps;
With conventional headlamp systems, the
quality of the low beam increases directly
in proportion to the size of the reflector. At
the same time, the geometrical range in-
creases as a function of installation
height. These factors must be balanced
against the aerodynamic dictates accord-
ing to which the vehicle's front-end profile
must be kept as low as possible.

Luminous intensity ofa headlamp for
illuminating right edge of road as function
ofhorizontalreflectordiameter

Cd

16000

12000-

8000

00 150 200 250 mm

Horizontal
reflector diameter

These mutually antagonistic require-
ments are reconciled by using wider head-
lamps to accommodate larger reflectors.

Reflectors of a given size, but with dif-
ferent focal lengths, also perform differ-
ently. Shorter focal lengths produce wider
lIght beams with better close-range and
side illumination. This is of particular ad-
vantage during cornering.

Stepped reflectors
Stepped, or graduated reflectors are seg-
mented reflectors consisting a paraboloid
and/or parelliptical (combined parabola
and ellipse) sections designed to provide
various focal lengths. These units retain
the advantages of a deep reflector in a
shallow unit suitable for compact installa-
tion.

Homofocal reflector
The homofocal reflector's supplemental
sectors share a single focal point to
achieve a shorter focal length than is pro-
vided by a basic reflector, thus making a
particularly useful contribution to the ef-
lective luminous flux. While the light from
the supplemental reflectors improves
close-range and side illumination, there is
no improvement in range.

Multifocal reflector
The principle behind the mutiocal reflec-
tor is similar to that of its homcfocal coun-
terpart. Based on mathema'ical defini-
tions, the introduction of parelliptical re-
flector sections, which disperse the light
horizontally, produces a large number of
focal points.

Variable-focus (stepless) reflectors
Specially designed programs (CAL, Com-
puter Aided Lighting) assist in designing
the transitiontess VF (Variable Focus Re-
flector) with its non-parabolic sectors. The
focal points of the various reflector zones
can change position relative to the light
source. This principle can be applied to
exploit the entire reflector surface.

Headlamps with clear lenses
Developments in the area of HNS reflec-
tor technology (Homogeneous Numeri-
cally Calculated Surface) have now made
it possible for headlamps to operate at ef-
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742 Lighting

Table 1. Points for measuring low and high beams

Lo-wbeam

Test points Specifications Test points Seiiain
inlIx i

1,H1 < D.7 14. EY L

2. Etg 12 15 E 5L

3. E 5  > 16. E ue1 2 1

4. E2q >2 17 Ev.o A <

5. E2bL -2 18- 4U 0,1 '0.7

6. E ,0. 50-4 9. E42u J 0

Max. value < ECO 20- Evou > 0
in Zone I

Max. value < 0.7 21. En 21 0.2 _ 07
in Zone Ill

Min, value 3 22 E 01 5 O7
in Zone IV

13- E-v 6 23- Eus l 0 2. < 07

[Hightbeam
Spei s Test points cifications

27. E, > 43

(<240)

9 EH25 24

10. E . O0 E-8 E,

11 E, 5 , 24

12 E >

Test figures for test Lunens of rele-
vant lamp at approx -2V

Perspective illustration with points for measuring illuminance in accordance witi ECE
Directive 8 and/or 20
Specifications in lx for headamp withhalogen lamp at distance of 25 meters.

3960 V 3960 Dimensions in mm

3500 3500

2250 2250

1150 1750

0501'25 25
50

LI)

H "-h 5 - H
Zo no

one,
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ficiency levels of up to 50%. The entire
light-distribution pattern is generated on
the lens from the reflector surface alone,
without additional optical elements. This
permits a new, unconventional headlamp
design.

Headlamps with facet-type reflectors
The reflector surface is partitioned with
facets. The PD2 program provides the
CAL and HNS modules for individual opti-
mization of each individual segment. The
important feature of surfaces developed
with PD2 is that discontinuity and steps
are permitted at all boundary surfaces of
the partition This results in freely shaped
reflector surfaces with maximum homo-
geneity and side illumination.

PES headlamps
The PES headlamp system (Poly-Ellip-
soid-System) employs imaging optics to
improve on the technical performance
provided by conventional headlamps,
making it possible to obtain the light-dis-
tribution patterns associated with large-
surface conventional lamps from effective
projection surfaces as small as 28cm2,
This result is obtained using an elliptical
(CAL designed) reflector in combination
with optical projection technology. A
screen reflected with the objective pro-
jects precisely defined light/dark cutoffs.
Depending upon specific individual re-
quirements, these transitions can be de-
fined as sudden or gradual intensity shifts,
making it possible to obtain any desired
geometry.

Together with conventional high beams,
side-marker lamps and PES fog lamps,
PES headlamps can be incorporated in

PES refecfor (optical principles)
1 Objective, 2 Screen, 3 Reflector 4 Lanp

4 2

Lighting 743

HNS or facer-type reflecfor
Filament pat ern reflecton with m rror opticsI

____F _

PES reflectors
(reflectionandsignalpatterns)
a) PES, b) PES with ring parabolo and lens,
c) PES withring paraboa andpar/ially

metallized tube body.
I Reflector, 2 Objective, 3 Screen
4Profiledinnerlens,
5 Partially metallized inner lens,

a

-& <1-
1 2 3

b

-

U-:

4)

NJ»
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744 Lighting

light-strip assemblies to obtain a unit no
higher than approximately 80 mm from
top to bottom.

In PES headlamps, the beam path can
be configured in such a way that the sur-
roundings of the objective are also used in
the signal image. This enlargement of the
signal image is used above all with small
objective diameters to reduce the psycho-
logical glare for the oncoming traffic. The
annular reflector uses that portion of the
light which is not detected by the PES re-
fiector and directs it forward past the ob-
jective. An inner screen, which prevents a
direct view of the lamp, can be designed
as a lens or a partially metallized screen,

Litronic
The Litronic (Light-Electronic) headlamp
system with a xenon gaseous-discharge
lamp as its central element generates
high illumination-intensity levels with min-
imal front-end surface requirements. This
makes it ideal for installation in vehicles
with aerodynamic front-end styling ex-
hibiting optimum c.,, values.

The 35 W "D2S" bulb's arc generates a
luminous flux twice as intense as that pro-

duced by the Hi bulb. At 4200 K, the color
temperature 1 is higher, which means it
contains - similar to sunlight - larger
components of green and blue Maximum
illumination, corresponding to approx.
90 mW is available as soon as the
quartz element reaches its ncrmal oper-
ating temperature of more than 900'C.
Brief high-power operation at currents of
up to 2.6 A (continuous operatin: approx.
0.4 A) can be used to obtain 'immediate
light". The life expectancy of 1500 hours
corresponds to the operating time to be
anticipated during the vehicle's service
life. Failure is not sudden, as with filament
bulbs. Instead, gradual dimming facili-
tates early diagnosis and replacement.

The second generation of these
gaseous-discharge lamps for automotive
applications features high-vcltage-proof
sockets and UV glass shielding elements:
- the D2S lamps for PES-design head-

lamps,

Temperature of the 'black tbearn' which ap-
pears to have the same or a similr color when
viewed by an observer

Gaseous-discharge lamp 02S
I UV ined-gas bulb, 2 Lead-in insuIator,
3 Discharge chamber 4 Electrodes,
5 Lamp holder

2

4

. ........

3

5

Light-distribution patterns (road traffic)
a) PES haogen lamp,
b) Litronic PES D2S lamp.

a b

rn
210 .4IX

180

120

90

30 it'1.120

176is

40

04Ix

'Ix

It- -- A--- _

0 0 -6 40 mx
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Electronic ballast unit (EVGJ for 400 Hz alternating current and pulse ignition of he bulb
1 ECU (Ia DC/DC converter, lb Shunt, Ic DC/AC Converter id Microprocessor).
2 Ignition unit, 3 Lamp socket. 4 02 lamp, U Battery voltage.

i- -5

t C4

11 3

- 9 r-'U
4 *W

System components for reflection-type headlamp with integrated dynamic headight
vertical-aim control
I Lens with or without scatter optcs
2 Gaseous-discharge lamp,
3 Ignition unit,
4 ECU, 2 3 6
5 Stepping motor.
6 Axis sensor.
7 To vehicleelectrical

system.

'V

4 5-

System components for PES-design headlamps
I Headamp

(1a Lens,
lb D2S lamp,
Ic Screen,
Id Reflector).

2 ignitionunit,
s ECU
4 To vehicle

electrical`

l a

1/2

3

B C 111111111

1 lb

1c id

1

4

2

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1286



746 Lighting

Quad-headlamp system with Litronic
1 Vehicleelectricalsystem,2ECU,3Ignition
unit with lamp connection, 4 Headamp optics
with gaseous-discharge lamp, 5 Halogen
high beam.

2 3

4
5

Bi-Litronic Reflection"
I Low beam, 2 High beam.

2

Bi-Litronic "Projection"
SLow beam, 2 High beam

2 2

- D2R lamps for reflection headlamps; an
integral light shield, comparable to the
bulb cover used for H4 low beams, gen-
erates the light/dark cutoff line.

An integral part of the headlamp is the
electronic ballast unit (EVG) responsible
for activating and monitoring the lamp. Its
functions include:
- Ignition of the gaseous discharge

(voltage 10...20 W)
- Regulated power supply in the cold

lamp's warm-up phase and
- Demand-oriented supply in continuous

operation.

The system furnishes largely consistent
levels of illumination by compensating for
fluctuations in the vehicle's electrical sys-
tem. Should the lamp go out (for instance,
due to amomentary lapse in the voltage
supply), reignition is spontaneous and au-
tomatic.

The electronic ballast unit responds to
defects (such as a damaged lanp) by in-
terrupting the power supply to help avoid
injury in the event of contact.

Litronic's initial area of application has
been as a high-performance low-beam
unit in quad headlamp assembles, where
it is designed to operate simultaneously
with specially designed halogen high-
beam units. This has made it possible to
achieve substantially wider road-illumina-
tion patterns for lighting the edges of
curves and of wide roads as effbctively as
a halogen unit illuminates straight
stretches of road. The driver enjoys sub-
stantial improvements in both visibility and
orientation in difficult operating conditions
and inclement weather. Compliance with
ECE-R regulations is achieved by equip-
ping Litronic headlamps with vertical aim
control and washer systems to consis-
tently ensure optimal utilization of the ex-
tended range while at the same time
maintaining excellent beam prcjection.

Bi-Litronic Reflection"
Bi-Litronic is a special system. It permits
both the low and high beams to be gener-
ated by a dual-headlamp system using
only one gaseous-discharge lamp. For
this purpose, when the high-/low-beam
switch is operated, an electromechanical
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Lighting 747

actuator moves the gaseous-discharge
lamp in the reflector into the appropriate
position for defining the escape of the light
cone for the main and low beams. The es-
sential advantages of Bi-Litronic "Reflec-
tion" are:
- Xenon light for high-beam operation,
- Visual guidance through continuous

shifting of light distribution from close to
long range,

- Clear reduction of required space com-
pared with four-compartment systems,

- Lower cost through use of only one
lamp and a ballast unit.

Bi-Litronic "Projection"
Bi-Litronic "Projection" system is based
on a PES Litronic headlamp. Xenon light
is made available for high-beam operation
by shifting alight shield for the light/dark
cutoff. With lens diameters of 60 and
70 mm, Bi-Litronic "Projection" enables
the presently most compact headlamp
design with combined high/low beam and

Headiamp systems
a) Dual headlamps,
b) Quad headlamps,
c) Six headlamps.

a -- Highlowbeam

- High/low beam-__

High/low beam
or
low beam

High beam-
or
auxiliary driving lamp

C Low beam-

High beam-

Fog lamp

at the same time outstanding luminous ef-
ficiency

High beam
The high beam is usually genErated by a
light source located at the focal point of the
reflector (see Fig. on P 739), Ttis causes
the light to be reflected outward in the di-
rection of the reflector's axis. The intensity
of the high beam projected alorg the axial
plane is largely a function of the reflector's
luminous surface area. In four and six-
headlamp systems, in particular, purely
paraboloid high-beam reflectors can be
replaced by units with complex geometri-
cal configurations designed to supply a
"superimposed" high-beam pattern.

The calculations employed to design
these units seek to achieve a uigh-beam
distribution that harmonizes wih the low-
beam pattern (simultaneous activation).
The pure high beam is virtually "superim-
posed" on the low-beam projection to do
away with the annoying overla normally

b

Light-distribution patterns of Bi-Litronic
1 Low beam, 2 High beam, I

m
400

1 2

300

200

100

-50 0 50 m
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found in the transitional area at the front of
the light-distribution pattern.

Designs
Global regulations mandate two head-
lamps for low beam and at least two (or
the option of four) high-beam units for all
dual-track vehicles.

Dual headlamp system
This design utilizes bulbs comprising two
separate light sources (Bilux, Duplo) to
project both low and high beams via a sin-
gle reflector.

Quad headlamp system
Two of the headlamps provide both high
and low beam or low beam only, while the
second pair only provides high-beam illu-
mination,

Six-headlamp system
This configuration differs from the quad
design by incorporating a supplementary
fog lamp in the main headlamp.

Component groups:

Lens (adjustable in bodywork)
The lens and reflector are combined in a
single headlamp unit. The beam is ad-
justed by pivoting the complete assembly.
Under unfavorable circumstances, this
can lead to the lens being at a slight angle
relative to the car's bodywork. The head-
lamp assemblies are generally equipped
with seals in the area adjacent to the bulb,
and also feature special ventilation sys-
tems.

Lens (fixed to the bodywork
There is no connection between the lens
and the reflector which is mounted in a
housing designed to move relative to the
lens for adjustment (housing type). Be-
cause the reflector has no connection to
the lens it remains stationary and can be
fully integrated into the vehicle's body-
work. The complete headlamp is sealed
or provided with ventilation elements.

Components

Reflector
Reflectors are made of sheet metal or
plastic.
Sheet-metal reflectors are manufactured
as follows:
- Deep-draw processing to obtain a pa-

raboloid or more complex geometrical
configuration,

- Galvanization or powder-coaing to pro-
tect against corrosion,

- Paint application to obtain a smooth sur-
face,

- Evaporative application of aluminum to
form the reflective layer, and

- Evaporative application of a special pro-
tective layer onto the aluminum sub-
strate.

This process hermetically seals the sheet
metal while providing an extremely
smooth reflective surface featuring a max-
imum residual ripple of 1/10,000 mm.

Plastic reflectors are produced by injec-
tion molding (duroplastic, thernoplastic);
no special anti-corrosion treatment is re-
quired. Plastic can be shaped with much
greater precision and can also be used to
manufacture stepped reflectors

Lens
A large proportion of lenses is manufac-
tured using high-purity glass (free of bub-
bles and streaks). During the lens mold-
ing process high priority is assigned to
surface quality in order to prevent unde-
sirable upward light refraction in the final
product - this would tend to blind oncom-
ing traffic. The type and configuration of
the lens prisms depend upon reflector
size and focal depth aswell as hedesired
light-distribution pattern. Witi the im-
provement in calculation methods, it is
also possible to develop ieadlamps
where complete light distribution is deter-
mined by the reflector. This eliminates all
the diffuser elements on the lens, thus
producing a "clear lens". The first plastic
lens entered series production in 1992.
Aside from reduced weight, plastic lenses
provide other advantages for automotive
applications including greater latitude in
headlamp and vehicle design.
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Main headlamps,
American system

Low beam
The demands placed on light distributlon
in American motoring differ from those in
Europe. Since 1.5.1997, however, head-
lamps with light/dark cutoffs have also
been authorized in the USA. These
though must be visually adjusted. It is
thus now possible to develop headlamps
which conform to both legal requirements

High beam
As with the European system, the light
source is usually located at the focal point
of the parabolic reflector, Dual, quad and
six-headlamp configurations are employed.

Designs

Sealed beam
In this design which is no longer used, the
aluminized glass reflector must be sealed
gas-tight with the lens on account of the
unencapsulated light sources. The whole
unit is sealed and filled with an inert gas.
Should a filament burn through, the entire
unit must be replaced. Units with halogen
light sources are also available. The lim-
ited range of available sealed-beam
headlamps on the market severely re-
stricted the designers' latitude for front-
end styling variations.

American sealed-beam headiamps
a) Low beam., High beam.
1 Low-bam filament,2 Focalpoint,
3 High-beam flamen I(at focal point)

a b

..

Replaceable Bulb HeadIlamp (BH)
European developments based on re-
placeable bulb technology also had an ef-
fect on the American system from 1983
onwards. The headlamps'size and shape
can be adapted for improved vehicle de-
sign (styling considerations). The RBH
design usually features plastic reflectors
andlenses.

Vehicle Headlamp Aiming Device VHAD
This design involves RBH headlamps
which are mechanically adjusted verti-
cally with the aid of a level gauge inte-
grated in each headlamp and orizontally
by means of a system comprising needle
and dial: This is in fact "on-board aiming".

Headlamp systems
As in Europe, dual-, quad- and six-head-
lamp configurations are used in North
America.

Main headlamps,
European regulations

Regulations and directives for main
headlamps
76/1761/EEC and ECE-R1 and R2:
Headlamps for high and low beam includ-
ing their bulbs.
ECE-R8: Headlamps with HI, H2, H3,
H7 H8, H9. H11, HIR1, HIR2, H83 and
HB4 bulbs.
ECE-R20: Headlamps with H4 bulbs.
StVZO §50: Headlamps for high and low
beam.
76/756/EEC and ECE-R48: for installa-
tion and application.
ECE-R 98/99: Headlamps with gaseous-
discharge lamps.

Low beam, installation
Regulations prescribe 2 white-light low-
beam headlamps for multiple-track vehi-
cles,

Low beam, illumination technology
The relevant ordinances gove-ning sym-
metrical low-beam iuminaticn in Ger-
many are contained in the Technical Re-
quirements (TA) of the StVZO (FMVSS/
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CUR; Vehicle Homologation and Licens-
ing Regulations). The only applicable reg-
ulations for asymmetrical low beams are
international regulations and guidelines
containing precise stipulations governing
photometric testing of the different low-
beam units (with standard or halogen
bulb).

Homologation testing is carried out us-
ing test lamps manufactured to more pre-
cse tolerances than those installed in
production vehicles.

Headlamp glare is evaluated based on
StVZO §50 (6). Glare is considered to be
eliminated when the illuminance at a
height equal to that of the center of the
headlamp does not exceed 1 lx at a dis-
tance of 25 m. This test is carried out with
the engine running at moderate speed.

Low beam, switching
All high-beam lamps must extinguish si-
multaneously when the low beams are
switched on. Dimming (gradual deactiva-
tion) is permitted, with a maximum dim-
ming period of 5 seconds. A 2-second re-
sponse delay is required to prevent the
dimming feature from activating when the
high-beam flashers are used. When the
high beams are switched on, the low-
beam units may continue to operate (si-
multaneous operation). H4 bulbs are gen-
erally designed for limited use with both
filaments in operation.

High beams, installation
A minimum of two and a maximum of four
headlamps are prescribed for the high-

European headlamp system (low beam)

- 12

0L0-

-.0

oA

Dimensions in mm
*400 and
<main beam

beam mode.
Prescribed instrument-cluster high-

beam indicator lamp: blue or vellow.

High beams, illumination technology
High-beam light distribution is defined in
the regulations and guidelines together
with the stipulations governing the low
beams.

The most important specifications are:
symmetrical distribution relative to the
central vertical plane, maximum light
along the headlamp's centeraxis.

The maximum approved luminous in-
tensity, a composite of the intensity rat-
ings for all high-beam hezdlamps in-
stalled on the vehicle, is 225,000 cd. The
respective ratings are indicated by refer-
ence codes located adjacent to the ho-
mologation code on each headlamp.
225,000 cd corresponds to the number
75. The luminous intensity of the high
beam could be indicated, e.g., by the
number 20 stamped next to the round
ECE test symbol-

If these are the only headlamps on the
vehicle (no auxiliary driving amps) then
the composite luminous intersity is to be
in the range of 40!75 of 225,000 cd, viz.,
120,000 cd.

High- and low-beam adjustments

Conditions for aiming
- Tire pressures must conform to specifi-

cations.
- Vehicle loaded, in accordance with

model type:
For passenger cars. one person or 75 kg
on the driver's seat.
For trucks: unladen
For single-track vehicles anc single-axe
tractors: one person or 75 kg on the dri-
ver's seat.
- The vehicle should be rolled several

meters to allow the suspension to adapt
to the added load.

- The vehicle must be parked on a flat,
level surface.

If adjustment is carried out without a
headlamp aiming device, a test surface
must be set up at a distance of 10 meters
from the vehicle so that the center mark is
located in the direction of travel in front of
the headlamp to be adjusted (see Figs.).
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- The headlamps must be adjusted indi-
vidually, with all other headlamps cov-
ered.

- If the vehicle is equipped with a manual
headlamp range adjuster, the switch

Table 2. Setting dimension "e" for
headlamp adjustment, Europe')

Vehicle type Head- Fog
lamp lamp

cm cm

1 Motor vehicles on which the upper edge of
the reflector surface is not more than
140 cm above the standing surface

iaPass.cars(alsostation 12 20
wagonsiestates)

lb Vehicles with self-leveling 10 20
suspension or automatic
beam adjusters 2 )

ic Muiti-axle tractors and
special-purpose machinery

id Single-track vehicles-
e Trucks with forward

loading area.

if Tricks w th rear loading 30 40
area.,)

Ig Semitraier tractors
3 )

1h Buses.3 )

2 Motor vehicles on whch 1/3 H/3)+7
the upper edge of the
reflector surface is not
more than 140 cm above
the standing surface-)

3 Single-axle tractors or 2 N 20
special-purpose machin-
ery with permanently
dimmed headlamps on
which the required light
beam center inclination is
indicatedt)

4 Vehiclewithhomologation Refer- see
in acc. with Directive ence di- above
76/756/EEC or ECE R48 mension

on
vehicle

1) The results obtained with the aid of head-
lamp aiming equipment must correspond
to the figures in the table.

2) Special attention must be paid to compliance
with the manufacturers instructions.

3) Except motor vehicles as defined in lb.
) H Height of center of headlamp above

support surface in. cm.
N Specified figure far inclination of beam
center at distance of 5 m.

should be set to the position prescribed
by the manufacturer.

Adjustment information:
The adjustment marks and lines are
arranged to accommodate nain head-
lamps at a normal installation height, with
the center mark set to height H. corre-
sponding to the middle of the headlamp.
The adjustment dimension e = 10 cm rep-
resents the vertical distance between the
center mark and the boundary line.

On headlamps with e > 10cm the
boundary line is lowered to the required
level. Obviously, the center mark will then
no longer be level with the center of the
headiamp. It can, however, be used to
check the position of the igh beam
(where present).

Test surface for headlamp beam
1 Boundary line, 2 Center mark,
3 Test surface, 4 Break point
H Height of headlamp center above

standing surface in cm,
4 Height oftest-surface boundaryine

above standing surface in cm.
e = h -h Setting dimension.

12 3

E
-L<- ----

Relative positions of test surface and
vehicle'slongitudinalaxis
1 Center mark
2 Test surface
A Distance between headlenip

centers.

1

YA

2
On,
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Table 3. Geometric range of the horizontal component of the low beam's
light/dark cutoff line. Headlamp installed at height of 65 cm

Inclnation of light'dar cutoff line in % 1% 1.5% 2% 4.5% 3%0 %= 10 cm/ 10 M)

Referencedimensionc 10cm 15cm 20cm 2tcm- 30Cm

Geometric range in n for the horizontal componen 6 32,5m, 2E 21-mof the ight/dark cutoff line

The left-side (horizontal) section of the
light/dark cutoff line must be adjusted to
the limit line.
Refer to Table 2 for dimension e.
The headlamps must be readjusted fol-
lowing any operations that could affect
their height (suspension work. etc.), The
procedure is also recommended after
bulb replacement

If the high beam is incorporated in a
single unit along with the asymmetrical
low beam (Bilux and Duplo bulbs) then it
will be aimed automatically when the low
beam is adjusted.

Separate individual high-beam units
are aimed horizontally and symmetrically
using the center of the headlamp and the
center mark as references.

Headlamp test and adjustment device
1 Orientation mirror, 2 Handle,
3 Photometer, 4 Refraction mirror
5 Markings for center of lens.

Headlamp aiming devices

Function
Correct adjustment of motor-vehicle
headlamps should ensure the best possi-
ble illumination of the roadway by the low
beam while at the same time minimizing
dazzle for oncoming traffic. -or this pur-
pose, the inclination of the headlamp
beams with respect to a level base sur-
face, and their direction to the vertical lon-
gitudinal center plane of the vehicle, must
satisfy the official requirements.

Equipment design
Headlamp aiming devices are portable
imaging chambers which comprise a sin-
gle lens and a collector screen located in
the focal plane of the lens and rigidly con-
nected to it. The collector screen has

Viewing window in aiming device
a) Boundary line for igh tdark cotoff on
asymmetrical low beam, b) Centermark for
middle of high-beam pattern.
a

L

3-

4-
5-

b p .. WWI
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markings to facilitate correct headlamp
adjustment, and can be viewed by the
equipment operator using suitable ap-
pendages such as windows and ad-
justable refraction mirrors,

The prescribed headlamp adjustment,
i.e. the inclination relative to the center
line of the headlamp in cm at a fixed dis-
tance of 10 m, is set by turning a knob to
move the collector screen.

The aiming device is aligned with the
vehicle axis using a sighting device such
as a mirror with an orientation line- It is
turned and aligned so that so that the ori-
entation line uniformly touches two exter-
nal vehicle-reference marks. The imaging
chamber can be moved vertically and
clamped at the level of the vehicle head-
lamp.

Headlamp testing
The headlamp can be tested once the
equipment has been correctly positioned
at the front of the lens. An image of the light
distribution pattern as emitted by the head-
lamp appears on the collector screen.
Some test devices are also equipped with
photodiodes and a display to allow mea-
surement of luminous intensity.

On headlamps with asymmetrical low-
beam patterns the lightidark cutoff line
should contact the marked limits; the
point of intersection for the horizontal and
vertical components must lie on the cen-
ter mark of the vertical line- Following ad-
justment of the low beam's light/dark cut-
off line in accordance with the regulations,
the center of the high beam (assuming
that high and low beam are adjusted to-
gether) should be within the corner limits
indicated around the center mark.

Main headlamps,
North American regulations

Regulations and guidelines
Federal Motor Vehicle Safety Standard
(FMVSS) No.108 and SAE Ground Vehi-
cle Lighting Standards Manual (Stan-
dards and Recommended Practices).

The regulations governing installation
and control circuits for headlamps are

comparable to those in Europe. Since 1, 5,
1997, headlamps with light/dark cutoffs
have likewise been authorized in the USA.

The main differences were previously in
the headlamp systems. Until 1983 the
available sealed-beam types in the USA
were restricted to the following dimen-
sions:
Dual-headlamosystems:
- 178 mm diameter (round),
- 200 x 142 mm (rectangular).
Quad-headlamp systems:
- 146 mm diameter (round),
- 165 x 100 mm (rectangular)
Since 1983 a supplement to FMVSS 108,
has made it possible to use RBH (Re-
placeable Bulb Headlamps) headlamp in-
serts of various shapes and sizes.

Headlamps conforming to ECE regula-
tions or EEC directives are not approved
for use on dual-track vehicles n the USA,
even if they satisfy the American require-
ments relating to lighting and aimability
(visual). They are however approved for
use without restriction on motorcycles.

Conditions for aiming
In Europe, headlamps are always ad-
justed based on visual assessment of the
light beam, but the use of mechanical
aiming devices has become the most
common method of aiming headlamps in
the USA. The headlamp units are
equipped with three pads on the lens -
one for each of the three adjustment
planes. A calibrating unit is placed against
these pads. The calibration is carried out
with spirit levels,

The VHAD (Vehicle Headlamp Aiming
Device) method is employed to adjust the
headlamps relative to a fixed reference
axis defined by the vehicle. This proce-
dure is carried out using a spirit level
firmly attached to the headlamp. The
three lens pads are no longer required.

Since mid-1997, however, visual (only
vertical) aiming authorizec as from
1. 5. 1997 has also gained increasing ac-
ceptance in the USA. There is no hori-
zontal aiming here.
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Headlight leveling control
(vertical-aim control)
Table3indicates the geometrical ranges at
various inclination angles for headamps
installed at a height of 65 cm. The inspec-
tion tolerance extends to include inclination
angles of up to 2,5% (1.5% below stan-
dard setting). According to European
Union regulations, the basic setting based
on dimension e is (10...15cm)/10m with
the weight of one person on the driver's
seat. The specifications for this seting are
provided by the vehicle manufacturer.

Since 1.1.1998, an automatic or manu-
ally-operated headlight leveling control
(range adjustment) device has been
mandatory in Germany for all vehicles
registered for the first time, except in
those cases where other equipment (e, g.,
hydraulic suspension control) ensures
that the light beam's inclination will remain
within the prescribed tolerances. Al-
though this equipment is not mandatory in
other countries, its use is permitted.

Automatic levelng
must be designed to compensate for load
variations by lowering or raising the low
beam's projection by between 5cm/10n
(0.5%) and 25cm/10m (2.5%).

Manual leveling
This device is operated from the driver's
seat and must incorporate a detent at the

Automatic vertical-aim control (principle)
1 Adjustment actuator, 2 Processing unit,
3 Level sensors.

-J

2

3r 3

base setting; beam adjustment is also
performed at this position. Units with infi-
nitely variable and graduated control,
must both feature visible markings in the
vicinity of the hand switch which corre-
spond to the vehicle load coiditions ne-
cessitating vertical-aim adjustment. All
design variations employ an adjustment
mechanism to provide vertical adjustment
of either the headlamp reflector (housing
design)ortheentireheadlampunit.

Manuallyoperatedunitsemployaswitch
at the driver's seat to control the setting,
while automatic units rely on level sensors
on the vehicle axles to monitor suspension
compression and relay the crresponding
signals to the adjustment actuators.

Hydromechanical systems
This type of system operates by transmit-
ting a fluid through the connecting hoses
between the manual switch (or level sen-
sor) and the adjustment elements. The
degree of adjustment corresponds to the
quantity of pumped fluid.

Vacuum systems
The manual switch (or level sensor) in this
type of system modulates vacuum from
the intake manifold and transmits it to the
adjustment actuators to achiave varying
degrees of adjustment.

Electrical systems
These employ electric gear motors as ad-

Manual vertical-aim control
(principle)
1 Adjustment actuator, 2 Switch.

2
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justment actuators. These are switched
either by the relevant switches in the vehi-
cle or by axle sensors,

Headlamp cleaning systems
Headlamp cleaning systems remove dirt
from the lenses of the main headlamps.
This ensures unimpaired illumination of
the roadway and prevents oncoming traf-
fic from being dazzled. There are two
types of cleaning system:

Wipe/wash system
The use of these systems is restricted to
glass lenses because plastic lenses, de-
spite having high scratch-resistant coat-
ings, are too sensitive to mechanical,
cleaning.

High-pressure washer system
High-pressure washer systems (see Fig.)
are gaining increasing acceptance as
they can be used on both glass and plas-
tic lenses. The cleaning effect is chiefly
determined by the cleaning pulse of the
water droplets. The decisive factors are:
- the distance between jet nozzle(s) and

lens,
- the size, contact angle and contact ve-

locity of the water droplets and
- the amount of water.
As well as fixed nozzle holders on the
bumpers, telescopically extending nozzle

High-pressure washer system for
headlamps
1 Water reservoir, 2 Pump, 3 Non-return
valve, 4 Tconnection, 5 Nozzle holder
6 Hose.

21

N4

holders are also used. The telescope sig-
nificantly improves the cleaning effect be-
cause it always assumes an op:imal spray
position. Furthermore, when riot in use,
the nozzle holder can be concealed e.g.
inside the bumper.
High-pressure washer systemt consist of
- water reservoir, pump, hosE and non-

return valve and
- nozzle holder, which is extended by

means of a telescope, with one or more
jet nozzles.

Foglamps
Fog lamps are intended to improve road-
surface illumination in fog, snow, heavy
rain and dust.

Optical concept

Paraboloid
A parabolic reflector featurig a light
source located at the focal point reflects
light along a parallel axis (Fs with the
high-beam lamp) and the lens extends
this beam to form a horizontal band. A
special screen prevents the Deam from
being projected upward.

Free-form technology
New calculation methods (CAL Computer
Aided Lighting) can be used to shape re-
flectors in such a way that tiey scatter

Fog lamp with free-form reflector

0
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light directly (i.e. without optical lens pro-
filing) and simultaneously generate (with-
out separate shading) a sharp light/dark
cutoff line.

The fact that the lamp features pro-
nounced envelopment of the bulb leads to
an extremely high volume of light com-
bined with maximum dispersion width.

PES fog lamps
In fog, this technology minimizes the glare
reflected back to the driver. The screen,
the image of which is projected onto the
road surface by the lens, furnishes maxi-
mum contrast at the light/dark cutoff line.

Designs
DIY and dealer-installed fog lamps are
designed as individual projection units in
their own housings. These are installed
either upright on the bumper, or sus-
pended beneath it.

Stylistic and aerodynamic considerations
have led to increased use of integrated fog
lamps, designed either for installation within
body openings or included as a component
within a larger light assembly (with ad-
justable reflectors when the fog lamps are
combined with the main headlamps).

Most fog lamps are designed to project
a white beam. There is no substantive ev-
idence that yellow lamps provide any
physiological benefits, A fog lamp's effec-
tiveness depends upon the size of the il-
luminated area and the focal length of the

Fog lamp (parabolicreflector upright
installation)
1 Mask, 2 Lens, 3 Reflector,
4 Vertical adjustment shall.

1 2

4 3

reflector. Assuming the same illuminated
area and focal length, from the lighting-
engineering viewpoint the difierences be-
tween round and rectangular fog lamps
are insignificant.

Regulations
Design is governed by ECiE 19, installa-
tion by EEC 76/756, ECE R48, StVZO
(FMVSS/CUR) §52. Two white- or yellow-
light tog lamps are permitted. The control
circuit for switching the fog lamps must be
independent of that used for high and low
beams. The (German) StVZO allows fog-
lamp installation in positions more than
400mm from the widest point of the vehi-
cle's periphery provided that the switching
circuit is designed to ensure that they op-
erate only in conjunction wth the low
beams. The adjustment procedures for
fog lamps are basically the same as for
headlamps. Adjustment dimeisions e are
provided in Table 2.

Auxiliary driving lamps
Auxiliary driving lamps enhance the high-
beam visibility provided by dual, quad and
six-headlamp systems. The basic optical
principles are similar to those used for fog
lamps. The only difference being the lens,
which is specifically designed to furnish
an extended beam. Auxiliary driving
lamps are often identical to fog lamps in

fFog lamps (positioning)

0L
V1

/ ~

2

-. .

s400

Dmensions in mm
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shape and size.
Auxiliary driving lamps are mounted

and aimed in the same way as standard
headlamps, and the underlying lighting
concepts are the same. Auxiliary driving
lamps are also subjectto the cited regula-
tions governing maximum luminous inten-
sity in vehicular lighting systems, accord-
ing to which the sum of all reference num-
bers is not to exceed 75. For older lamps
without approval number, the number 10
is used for general assessment purposes.

Lights and lamps
Design specifications are contained in
ECE RS, R7 and R38, installation is gov-
erned by EEC 76/756, ECE R48 and
StVZO § 49a (FMVSS/CUR).

These types of lamp are intended to fa-
cilitate recognition of the vehicle and to
alert other road users to any intended or
currentchanges in direction or motion. Ei-
ther of two basic concepts can be em-
ployed to satisfy the corresponding tech-
nical requirements.

Lamps with reflector optics
A reflector in one of various forms (often
parabolic) redirects the light emitted by the
bulb to obtain a roughly axial projection
angle A lens with optical dispersion ele-
ments then determines the beam pattern.

Lamp with reflector optics (princple)
I Housing. 2 Reflector,
3 Lens with dispersion elements.

1 2 :

Lamps with Fresne optics
The light is projected directly against the
lens, with no refraction at a reflector. A
lens utilizing Fresnel technology then di-
rects the beam in the desired direction.

Fresnel optics devices are usually less
efficient than reflector-optics lamps.

Lamps combining reflector and
Fresnel optics
Designs combining both the above princi-
ples have been used with success. The
GP reflector (rotated parabola) is em-
plyed to derive undiminished luminous
flux from more compact units featuring

LampwithFesIoptics(prnci)
I Housing, 2 Lens with Fresneopcs.

-2

Reflector with rotated parabola
1 GP reflector, 2 Fresnet lens

1 2
3
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Free-form lamp with clear lens
I Reflector, 2 Clearlens.

21-

2 N 20s0

70 200 106
10090 35

70 200 10e

200

v
20, V, 0' 1T 20'

Standardized color scale (color location)
1, 2 Ranges for yellow/orange and red,

fl7X,

1 3 34 . 1,

r2co0A 0 1o 04303 '8, I vn " Ppe 13''t

SL'on 
7

0 a.1 02 c , a G 5 D 5
--- 0 x

both shallower reflectors and smaller
lenses. These designs employ a specially
shaped reflector (rotated parabola) to
capture the light beam emanating from
the bulb at the largest possitle peripheral
angle. The Fresnel optics ten homoge-
nize the light beam for projection along
the desired path. A free-forn lamp with
Fresnel cap combines excellent luminous
efficiency with a variety of stylistic conver-
sion options. The light from the lamp is
deflected by the reflector. In the process,
the required expansion of light distribution
is generated completely or partially by the
reflector. The outer lens can thus be de-
signed as a clear lens or supplemented
with cylindrical lenses in the horizontal or
vertical direction, The Fresiel lens im-
proves the luminous efficiency by deflect-
ing in the desired direction a further part
of the light which would not otherwise
contribute to the function of the lamp.
Both versions are mainly usedin the front
turn-signal lamps. Which version is actu-
ally used depends on the bocy shape and
thus on the available structural space, on
the stylistic requirements ano on the lumi-
nous values required.

Illumination technology, luminous
intensities
As projected along the reference axis,
minimum and maximum luminous intensi-
ties for all lamps must remain within a
range calculated to ensure signal recogni-
tion without, however, inducig annoying
glare for other road users.

Luminous intensity levels to the sides,
and above and below the reference axis,
may be lower than along the axis itself.
This deviation has been quantified on a
percentual basis ("unified spatial light dis-
tribution").

Color fiters
Depending on their applicaticn (e.g. stop,
turn-signal, fog warning lamps), motor-ve-
hicle lamps must display uniform, distinc-
live colors in the red or yellow color range.
These colors are defined in specific
ranges of a standardized color scale
(color location). Since white light is com-
posed of various colors, filters can be
used to weaken or filter out completely the
radiation of undesired spectral regions

ECE measuring screen lights and
lamps"(valuesin%)

20'

'0

*10 020 0

o 35 90

o 07
@10 020 I

10 *20

20'
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(colors). The color-filter functions may be
performed by either the tinted lenses of
the lamp or a colored coating on the glass
bulb of the lamp (e.g. yellow lamp in turn-
signal lamps with clear lens).

Filter technology can also be used to
adapt lamp lenses in such a way that
when the lamp is switched off the color is
matched to the vehicle's paintwork and
nevertheless the existing homologation
regulations are complied with when the
lamp is on. In the EU region, color loca-
tions have been laid down which e.g. cor-
respond to a wavelength of 592 nm for
turn-signal lamps that are colored "Yel-
low/Orange" and to a wavelength of
625 nm for stop and tail lamps that are
colored "Red" (see Fig.).

Turn-signal indicators

EEC 76/759, ECE R6, StVZO § 54
(FNIVSS/CUR).
Group 1(front-mounted), Group 2 (rear-
mounted) and Group 5 (side) turn-signal
lamps are required on dual-track vehicles.
Group 2 turn-signal lamps are sufficient
for motorcycles and mopeds. The instru-
ment cluster indicator lamp may be in any
desired color. The flash frequency is de-
fined as 90 ± 30 cycles per minute.

Front turn-signal lamps
Two yellow turn-signal lamps are slipu-
lated. An indicator is required inside the
vehicle.

Rear turn-signal lamps
Two yellow turn-signal lamps are stipu-
lated.

Side-mounted turn-signal lamps
Two yellow turn-signal lamps are stipu-
lated.

Front turn-signallamps
(position, dimensions in mm)
) less then 2100 mm if vehicle bocy type

prohibits compliance with regulatison
maximum height

--- 7

~~- -600

5400

Rear turn-signal lamps
(position, dimensions in mm)
1 Tail lamp. Height and width asofront
turn-signallamps

gL

Side-mounted turn-signal lamps
(position, dimensions in mm)
V or 2500 mm it vehicle bony type

prohibits copliance
with regulations on

2)or2300mm maximumheight.

V, 1

la16001)
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Hazard-warning and turn-
signal devices

Regulations
Both the StVZO (FMVSS/CUR) and EU
Directive EEC 76/756 stipulate that the
standard lighting will be supplemented by
visual signaling devices for indicating
turns and for use as hazard-warning
flashers on all vehicles with a top speed
exceeding 25 km/h.
flashing sins: Signals with a frequency
of 60...120 pulses per minute and a rela-
tive illumination period of 30...80%. Light
must be emitted within 1.5 s of initial acti-
vation. Should one lamp fail, the remain-
ing lamps must continue to generate visi-
ble light.
Turn-signalflashing: Synchronous signal
generated by all turn-signal lamps on one
side of the vehicle. The lamps are electri-
cally monitored. Malfunctions are indi-
cated.
Hazard-warning flashing: Synchronous
flashing of all turn-signal lamps, also op-
erational with the ignition off. An operation
indicator is mandatory.

Hazard-warning and turn-signal de-
vices for vehicles without trailer
The electronic hazard-warning and turn-sg-
nal flasher includes a pulse generator, de-
signed to switch on the lampsvia relay, and
a current-controlled monitoring circuit to
modify the flashing frequency in response
to bulb failure. The turn-signal stalk controls
the turn signals, while the hazard flashers
are operated using a separate switch

Hazard-warning and turn-signal de-
vices for vehicles with/without trailers
This type of hazard-warning and turn-sig-
nal flasher differs from that employed on
vehicles without trailers in the way that
turn-signal operation is monitored.
Single-circuit monitoring
The tractor and trailer share a single mon-
itoring circuit designed to activate the two
indicator lamps at the flashing frequency.
This type of unit cannot be used to local-
ize lamp malfunctions. The lashing fre-
quency remains constant.
Dual-circuit monitoring
Tractor and trailer are equipped with sep-
arate monitoring circuits. Localization of
malfunction is by means of the indicator

Hazard-warning and turn-signal flasher for passenger cars
1 Hazard-warning and turn-signal flasher unit with integrated circuit (IS) or pulse geneator G and
control circuit H, 2 Signal stalk, 3 Indicatorlamp, 4 Turn-signal lamps, 5 Hazard- warnig switch
with indicator.

4915

I-i 49a
H~~ C, K Al

30 5 L 2 F E D

3 31

4
31
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lamp which fails to light up. The flashing
frequency remains constant.

Side-marker, clearance and
tail lamps
EEC 76/758, ECE R7, StVZO §§ 51 and
53 (FMVSS/CUR). Side-marker lamps
(visible from the front) are stipulated on ve-
hicles and trailers with a width exceeding
1600 mm. Tail lamps (at rear) are manda-
tory equipment on vehicles of all widths.
Vehicles wider than 2100 mm (e.g., trucks)
must also be equipped with clearance
lamps visible from the front and rear.

Side-marker lamps
Two white-light marker lamps are stipu-
lated.

Tail lamps
Two red tail lamps are mandatory equip-
ment.

When the tail and stop lamps are joined
in a nested assembly the luminous-inten-
sity ratio for the individual functions must
be at least 1:5. Tail lamps are to operate
together with the side-marker lamps.

Stop lamps (positions, dimensions in mm)
1Central high-mounted stop lamp (cat. S3),
2Stop lamps (cat S1/S2
')>400 mm (if widthc<1300 mm),
2)2100nm (i compliance withmax. height

regulationsnotpossible)or
3)S 150 mm below lower edge of rear win-

dow.
) however, the lower edge of the central high-

mounted stop lamp must be higher than the
upper edge of the (main) stop lamps.

1 2

IL--7

0 0

..............7COL O I )
72,.CdK1

V.> VT.

Clearance lamps
Two white-light lamps to be visible from
the front, and two red lamps from the rear.
Position: As far outward and as high as
possible.

Parking lamps
EEC 77/540, ECE R77. StvZO Q§51
(FMVSS/CUR).
The vehicle may be equipped with either
two parking lamps front and rear or one
parking lamp on each side. WhIte light is
prescribed at the front and red at the rear.
Yellow may also be used at the rear it the
parking lamps have been designed as sin-
gle units with the side turn-signal lamps.

The parking lamps must be designed to
operate even when no other vehicle lights
(headlamps) are on. The paring-lamp
function is usually assumed by thetail and
side-marker lamps.

License-plate lamps
EEC 76/760, ECE R4, StVZO § 60
(FMVSS/CUR).
The rear license-plate lamp(s) must be
designed to ensure that the rear license
plate remains legible upto a distance of at
least 25 m by night. Approved are:

The minimum luminance at al points on
the surface of the license plate is
2.5 cd/n2. The luminance gradient of 2x
BmIn/cm should not be exceeded between
any of the test points distributed across
the surface of the test plate. Bmi, is de-
fined as the smallest luminance mea-
sured at the test point.

Stop lamps
EEC 76/58, ECE R7, StVZO §53
(FMVSS/CUR).
For each passenger car, two category S1
or S2 stop lamps and one category S3
stop lamp are prescribed as mandatory

When a nested design wit the stop
and tail lamps is used, the uminous-in-
tensity ratio between individual functions
must be at least 5:1.
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The category S3 stop lamp (central
high-mounted stop lamp) must not be in-
corporated in a nested design with an-
other lamp.

Fog warning lamps (rear fog
lamps)
EEC 77/538, ECE R38, StVZO § 53d
(FMVSS/CUR).
The European Union nations have man-
dated that one or two red-light fog warning

Fog warning tamps (rear tog lamps)
(position, dimensions in mm)
I Stop lamp,
2 Fog warning lamps (2 units),

U)

2

100

lamps (rear fog lamps) will be installed on
all new vehicles.

They must be distanced at least
100 mm from the stop lamp.

The visible illuminated area along the
reference axis is not to exceed 140cm2 .
The electrical switching must be designed
to ensure that the fog warning lamp oper-
ates only in conjunction with the low
beam, high beam and/or front fog lamp. It
must also be possible to switch off the fog
warning lamps independently of the front
fog lamps.

3 Fog warning lamp (1 unit).
Position for I unit shown for right- hand traffic.

1 3

0100

V1

Backup (reversing) lamps
(position, dimensions in mm)
Oty I or 2.

C--i

Daytime running lamps
(position dimensions in mm)

vi N
AA

2>600

D 400
Dimensions in mm

1I
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Prescribed indicator lamp: Yellow
(green also approved on vehicles initially
registered prior to January 1981).

Backup (reversing) lamps
EEC 77/539, ECE R23, StVZO § 52
(FMVSS/CUR).
One or a maximum of two white-light
lamps are approved.

The switching circuit must be designed
to ensure that the backup lamps operate
only with reverse gear engaged and the
ignition on.

Daytime running lamps
ECE R87.
ECE R87 authorizes the installation of
daytime running lamps in Europe- Their
use or the use of low-beam headlamps to
generate daytime running light is pre-
scribed as mandatory in Denmark, Nor-
way, Finland and Sweden. "Low beam on"
during daytime hours is required by law in
out-of-town areas in Poland and Hungary,

Other lighting devices
Identification lamps StVZO § 52
(FMVSS/CUR), ECE R65.
Identification lamps must be visible
through 360 degrees from the vehicle,
and should be perceived as flashing when
viewed from any particular location. The
flashing frequencyflies between 2 and 5
Hz. Blue identification lamps are intended
for installation on official vehicles. Yellow

Table 4. Specified minimum flash
intensities for identification lamps

Measurement range Flash intensity ed
blue yellow

Parallel to > 20 > 40
oad surface

Witnin 40 > 10
light beam
Angle
to road
surface 8 > 30

identification lamps are designed to warn
of dangers or dangerous transport.

Spot lamps
Spot lamps generate a narrow beam of
light of high luminous intensity, making it
possible to illuminate a small area from a
substantial distance.

Floodlamps
On a moving vehicle, floodlamps may be
switched on only when the vehicle's mo-
tion represents an integral part of the op-
eration being performed, foinstance,
when tractors are used in agriclture and
forestry, on self-propelled maclinery, on
rescue vehicles, etc.

Motor-vehicle bulbs
Bulbs for automotive lighting in accor-
dance with ECE R37 are available in 6 V,
12 V and 24 V versions (see table on fol-
lowing pages). To help avoid m x-upsdif-
ferent bulb types are identified by different
base configurations Bulbs of differing op-
erating voltages are labeled with this volt-
age in order to avoid mix-ups in the case
of identical configurations. The bulb type
suitable in each case must be indicated
on the equipment.

The luminous efficiency (lumens per
watt) represents the bulb's photometric
performance level relative to its power in-
put. The luminous efficiency of vacuum
bulbs is 10.-18 Im/W. The higher lumi-
nous efficiency of halogen bulbs of
roughly 22.26 Im/W is primar ly a result
of the increased filament temperature,
D2S and D2R gaseous-discharge bulbs
(Litronic) provide a luminous efficiency
level in the order of 85 Im/W fcr substan-
tial improvements in low-bem perfor-
mance.

Replaceable bulbs must be homolo-
gated in accordance with ECE R37. Other
light sources which do not conform to this
regulation (LED, neon, light bulbs) can
only be installed as a fixed component
part of a lamp. In the event of repair work,
the entire unit must be replaced.
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Table 5. Specifications for motor-vehicle bulbs (2-wheeled vehicles not includedi

Application Category Voltage Power
rating rating

Luminous IEC
flux Basetype

IlIstration

V W Lumen

Hgh beam! R2 6 45,40') 600 min/ P 45 t-41
Low beam 12 45/40 400-550)

24 55/50

Foglamp, Hi 6 55 13502) P4.5e
Hgh, low 12 55 1550
beam in 4-HL 24 70 1900
systems

Fog lamp. H3 6 55 1050') PK 22s
High beam 12 55 1450

24 70 1750

High beam/ H4 12 60/55 1650! P 43 1 - 38
Low bearn 1000 ),2)

24 75/70 .900/1200

High beam, -17 12 55 1500W) PX26Sd
Low beam in
4-HL systems,
Fog lamp

Fog lamp H10 12 55 1250(?) PY20d

Low beam HB4 12 55 1100 P 22 d
in 4-HL
Systems

Highbeam/ HIR2 12 55 1875 PX22d
Low beam

Hgh beam HB3 12 60 1900 P 20 d
in 4-HL r
systems

High beam! HIRI 12 65 2500 PX20d
Low beam

Stop, flasher, P 21 W 6 21 460) BA 15 s
rearfog, PY 21 W6)12
reversing amp 24

Stop lamp P 21/5 W 6 21/54) 440/35 ), ) BAY 15d
PY 21 W7)12 21/5 440/35

24 21/5 440/402)

Side-marker R5W 6 5 50 ) BA 15 s
lamp, 12
tail amnp 24 InaD
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Table 5. Continued

Application Categoy Voitage Power Luminous IEC Illustration
rating rating flux Basetype
V W Lumen

Tail lamp R 10 W 6 10 1253) BA 15 s
12
24

Stoo, flasher, P 27 W 12 27 4753) W2.5x16d
rearfog,
reversing lamp

Stoptlamp P27/7W 12 27,7 475!363) W2l5x16q
tail lampjI

License-plate C 5 W 6 5 453) SV 8-5
lamp, 12
tail lamp 24

Reversing C 21 W 12 21 4603) SV 8.5
lamp

Side-marker T4W 6 4 353) BA 9 s
lamp 12

24

Side-marker W5W 6 5 50a) W 2-1 x 9-5 d
amp, 12
License-plate 24
lamp

Side-marker W3W
lamo,
License-plate
lamp

Lowbeam Dis
in 4-HL
systems

6
12
24

3 223% W 2.1 x 9.5 d

85 35 3200
12 ) approx. 40')

D2S 85 35 3200
12r) approx. 40,)

D2R 85 35 2800
125) approx. 405)

P 32 d-2 Ik

P 32 d-3

HighIow beam. 2) Specifications at test voltage of 6.3; 13.2 or 28.0 V
)Specifications at tes voltage ot 6.75; 13.5 or 28.0 V

-)Main/secondary filament. 5) With ballast unit, ) Yellow-light vesion

PK32d-2

Low beam
in 4-HL
systems

Low beam
in 4-HL
systems

1111k
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766 Acoustic signaling devices

Acoustic signaling devices

Regulations
The internationally applicable ECE Regu-
lation No. 28 specifies that the acoustic
signals produced by motor vehicles will
maintain a uniform sound quality with no
perceptible frequency fluctuations during
operation. The use of sirens, bells and the
like is not permitted, as well as the playing
of melodies by means of sound genera-
tors operating in a given sequence.

Installation
Elastic couplings must be used to decou-
ple electric horns from the vehicle's body,
as the horn would otherwise induce sym-
pathetic oscillations in the adjacent body-
work. The resulting feedback would di-
minish both volume and tone quality. Both
electric and electropneumatic horns are
sensitive to resistance in their control cir-
cuits. When horns are installed in pairs,
they should be triggered by relays.

Horns

Standard horns
The mass of the armature together with
theflexible diaphragm forms an oscillating
system within the horn. When voltage
is applied to the contacts controlling the
solenoid coil, the armature impacts
against the magnetic core at the horn's
fundamental frequency. A fixed tone disk,
directly attached to the armature, re-
sponds to these intense periodic impacts
by radiating harmonic waves. Legal regu-
lations stipulate that the maximum sound
energy must lie within a band of
1.8.3.55 kHz. This frequency explains
the horn's relatively piercing note. This
sound, which is essentially emitted along
the horn's axis and out toward the front,
can be heard above the background noise
in traffic, even over longer distances.

The horn's size is one of the factors
which determine the fundamental fre-
quency and volume,

Supertonehorns
As well as increased diameters, super-
tone horns have a higher electrical power
input. Their warning signals can therefore
still be heard under extreme conditions
(truck driver's cab with high noise levels).

Fanfare horns

The electropneumatic fanfare horn em-
ploys the same basic actuating system as
its standard counterpart, the salient differ-
ence being that the armature is allowed to
vibrate freely in front of the coil with no im-
pact occurring. The oscillating diaphragm
induces vibration of an air cclumn within a
tube, The resonant frequency of the di-
aphragm and the air column are tuned to
one another and they determine the pitch
of the signal The tube is in ie shape of a
funnel, with a wide opening to enhance
the efficiency of sound propagation. The
funnel tube is generally coiled to minimize
the unit's size.

The presence of upper iarmonics in
the lower range of the frequency spec-
trum endows the fanfare hoin with a rich,
melodious sound. The tone is less pene-
trating than that of a standard horn due to
the more consistent distribution of sound
energy over a wide spectrum.

Selecting the correct horn
The warning produced by the impact horn
is more conspicuous; it thLs represents
the better choice for vehicles which are
frequently used for long hauls on roads
with a large amount of truck traffic. Alter-
natively, the fanfare horn is superior for ur-
ban driving, as pedestrians tften find the
standard horn excessively oud and un-
pleasant. Both sets of requ rements can
be fulfilled by installing the two horn types
together in a single system with a selec-
tion switch for urban or rural traffic. Stan-
dard and fanfare horns both operate at
standardized frequencies. High and low
tones can be combined to produce a har-
monious dual-tone sound.

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1307



Theft-deterrent systems 767

Theft-deterrent systems

Regulations

Theft-deterrent systems (car alarms) in-
stalled in motor vehicles must conform to
the regulations defined in Paragraph 38 b
of the StVZO Road Licensing Regulations
(FMVSS/CUR) as well as ECE Directive
R18 A primed alarm system responds to
attempts at unauthorized vehicle entry by
emitting warning signals.

Approved warning signals
- Intermittent audible signals of max.

30 s in length emitted by either the ve-
hicle's own horn or an auxiliary unit.

- Flashing signals of max. 5 min in length
using the hazard warning flashers
(StVZO), or 30 s flashing of the low
beams (ECE)

If the vehicle is repeatedly tampered
with, the system may only produce a further
acoustic alarm once the previous alarm has

expired. The driver or authorized person
must be able to deprime the alarm immedi-
ately. It must be impossible for alarm units
to become active when the engine is run-
ning. The alarm is not to be triggered by ve-
hicle movements (such as tremors etc.) not
caused by attempted unauthorized entry.

Automotive alarm systems

Basic system
The schematic diagram below is of an ac-
tual unit available on the market. The cen-
tral ECU evaluates the signals at its input
terminals, activates the syctem and
switchesonthewarningsignals(hornand
visual signals) via its outputs.

The system is primed and deprimed
with an infrared or radio remote-control
unit which uses individual codes. This se-
cures the vehicle against unauthorized

45 D_ -V2 -- I
7

6.1 6.2 A _

LI a0-_---1_.

311

3 10 12 1

7 v3 ttLvI
30 VL '1'1HF

Theft-deterrent system (car alarm)
I Battery 2 Driving switch, 3 Radio, 4 ignition. 5 Starting motor, 6 Remote control system
(6.1 Transmitter, 6.2 Receiver), 7Alarm system ECU, 8 Alarm horn, 9 Ultrasonic passenger-
compartment protection, 10 Tilt alarm, 1 Interior lighting, 12 Direction indicator 13 Door
contact switch, 14 Contact switches for hood and trunk 15 Status display

30 303030

31 j -,

F_ l
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768 Theft-deterrent systems

Ultrasonic protection for passenger
compartment
I Ultrasonic detector, 2 Ultrasonic field.

2 1

use The ignition must be off (i.e. engine
off) before the system can be primed.

The input terminals TK, MK, KK serve as
connections for the door and hood
switches. Opening one of these will im-
mediately trigger the alarm. This will also
occur when the radio-monitoring loop is
open-circuited or the ignition is turned on
with the alarm primed. Output Z activates
the external ancillaries which trigger the
alarm via input TZ.

All of the mutually independent inputs
are able to trigger consecutive alarms.
The starter-motor disable facility prevents
unauthorized starting of the engine.

An LED at output HS blinks when the unit
is primed and in doing so signals the unit's
operating status (primeddeprimed).

Ultrasonic passenger-compartment
protection
Such installations generate an ultrasonic
field inside the vehicle. An ultrasonic de-
tector registers motion or pressure varia-
tions that cause the field to fluctuate.
Such variations occur, for instance, when
a hand reaches into the vehicle or when a
window is broken). The electronic evalua-
tion unit responds with an immediate
alarm. The response threshold can be ad-
justed to optimize the system's protective
efficiency.

The following principles are applied for
the evaluation of the ultrasonic field: The
amplitude method, the pulse-echo

Electronic wheel and tow-away protection

30-
30 Evaluation unit

TZ

3 2

50 5

EE

Postion senscor

1 1 3
(0

method, or a method based on the
Doppler effect,

Optional extras

Electronic wheel and tow-away
protection
This unit consists of a position sensor and
evaluation electronics. Upon priming the
alarm unit the inclination or tilt angle at
which the vehicle has been parked (on a
level surface or on a hill) is stored as the
zero reference angle. An alarm is trig-
gered when either the rate of variation in
the angle or the angle itself exceeds the
programmed limits, Normal changes in
the vehicle's position (for instance due to
air loss in the tires, deliberate rocking
of the vehicle, or settling in soft ground)
are recognized as such by the electronics,
and do not trigger an alarm.
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Theft-deterrent systems 769

Vehicle immobilizers

In addition to the ignition and steering-
wheel lock, electronic vehicle immobiliz-
ers are employed to protect the vehicle
against unauthorized use.

After switching off the ignition, and at
the latest when locking the doors after
leaving the vehicle, the vehicle immobi-
lizer is automatically activated and puts
oneormoreof those major units out of ac-
tion which are essential to vehicle opera-
tion. Systems incorporating interrupter
circuits use a relay to immobilize the units.
Normally, the following three major cir-
cuits are interrupted:

- Starter motor,
- Fuel supply,
- Ignition or diesel fuel-injection pump.

In the case of units featuring coded ac-
cess, one or more units are blocked or
switched into circuit again by entering a
code.

The following systems are used for deac-
tivating the immobilizer:

Radio/infrared system
By means of a hand-held transmitter, a
coded signal is sent to the immobilizer.
The fact that the central-locking system
can also be operated with this system
represents a further increase in operative
comfort for the driver

Transponder systems
The key is fitted with a transponder which
from a short distance transmits a coded
signal to a receiver coil (wound around
the ignition lock for instance). The system
deactivates the immobilizer as soon as
the transponder enters the coil's receive
area.

Electronic key
The immobilizer is deactivated when con-
ductive coupling takes place between the
electronic key and the immobilizer sys-
tem.

Code keypad
The secret code number to deactivate the
system is entered using a keypad.

System with coded access
I Battery2Centrallockingsysten,
3 Display unIt. 4 gnition5 Engine ECU,

Pemr- ntroSystemz(6, Transmitter,

S2BCeuitelmmotilizerECU,

30
15

-~ -

2
7
30 15

3

31

6.1 a 25

System with interrupter circuits
' Battery, 2 CentraI locking system
3 Display unit, 4 Ignition, 5 Engine ECU,
6Remote-control system 1Transmitter
6.2Recerver), 7mmobrlizer ECU.
8 Starting switch, 9 Starting motor
10 Elactric fuelpump

2
7 *Ts -

31

6.1 6.2'

8

vv

9 A

CU,
miller,

15

4
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770 Windshield and rear-window cleaning

Windshield and rear-
window cleaning

Systems for cleaning the vehicle's wind-
shield, headlamps, and rear window are
needed in order to comply with legal stipu-
lations for good visibility at all times. Such
systems can be subdivided as follows:
- Windshield wiper systems,
- Rear-window wiper systems,
- Headlamp wiper systems
- Headlamp washer systems
- Combination wiper-washer (wipe/wash)

systems.

Windshield wiper systems

The following are the most important wind-
shield-cleaning systems, using the pas-
senger car as an example. These systems
are based on the legally prescribed areas
of vision (Europe, USA and Australia). The
wiped areas may be changed by additional
controls acting on the wiper blades (paral-
lelogram, general tour-bar mechanism).

The windshield wiper system must meet
the following requirements:
- Removal of water and snow,
- Removal of dirt (mineral, organic or

biological),
- Operation at high temperature (+ 8000)

and low temperature (- 30'C),
- Corrosion resistance against acids,

alkalis, salts (240 h), ozone (72 h),
- Service life: passenger cars 1.5-106

wipe cycles, commercial vehicles
3 106 wipe cycles,

- Stall test.

Mechanical wiper mechanism
Series- or parallel-coupled totr-bar mech-
anisms are used, with transversely jointed
linkage or additional control ed four-bar
linkages also being used for large wipe
angles or difficult mechanical transmis-
sion configurations.

Optimization of the mechanism isimpor-
tant. Smooth operation can be achieved by
matching the maximum values of angular
acceleration and/or the force-ransmission
angles near to the wiper reversal points.

The trend is no longer to allow the crank
to rotate fully but to allow it to complete

Principle of the mechanical wiper
mechanism
1 Series-coupled, 2 Parale-coupled,
a Crank angle. j, y Wipe angle,
Vr Tangential force-transmission ngle

1 Oscilating Crank2
y.Jcrank 1 i

Couoae

rod

iT

Couple
rod 2

Oscillating Crank 1
crank 2

2 Oscillatingcrank2

Crnkcrank 1C prt rank 

Couple rod 1 Crank 2 Cou ile rod 2

Windshield cleaning systems

Tandem system

Opposed system

Tandem system,
with aerodynamic
characteristics

Single-arm wiper
system. not controlled

Single-arm wiper
system controlled

cz
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Windshield and rear-window cleaning 771

only (barely) a half rotation. This signifi-
cantly reduces the space needed by the
linkage for movement. For this purpose,
the drive motor is electronically controlled
and its direction of rotation reversed in
line with the wiping motion.

It is thus also possible with only minor
additional expenditure to achieve an "ex-
tended parking position", "protection
against snow overload" and, despite vary-
ing operating conditions, a relatively con-
stant wiped area.

It problems are experienced in locating
the linkage, the above-mentioned tech-
nology permits a large linkage to be re-
placed by 2 significantly smaller units,
each with its own (smaller) drive motor.

A second step towards optimization of
the wiper mechanism involves the working
position of the wiper-blade lip relative to the
surface of the windshield or rear-window.
By positioning the wiper bearings at the
proper angle to the windshield, and by ap-
plying additional torsion to the wiper arms,
the position of the wiper blades is defined
so that at their reversal points they are in-
clined laterally towards the wiped-area bi-
sector, thus assisting the wiper-blade ele-

Tandem wiper system (series-coupled)
Right-hand part of wiper mechanism de-
signed as
I Oscillating crank, 2 Transverselyjointed link-
age, 3Additionalcntro/edfour-barlinkage,
4 Controlled crank with attached coupling link.

,i-

Direction
of rotation

2

4j

ments to swivel into their new working
position when reversal takes place.

Wiperblades
Wiper blades are used in lengths of
260.1000 mm. Their dimensions for
mounting (e.g., slide-in or hook mounting)
are standardized. Minimum-wear opera-
tion is achieved by eliminating play in their
mountings and joints. The tops of the cen-
ter brackets are perforated o prevent
blade lift-off at high speeds, In special
cases aerodynamic deflectors are inte-
grated in the wiper arms or blades to press
the blades against the windshield.

Rubber wiper-blade elements
The most important componen of a wiper
system is the rubber element. t is loaded
by the claws of the bracket system, and
supported by spring strips. Its double mi-
croedge is pressed against the wind-
shield, and at its point of cortact has a
width of only 0.01...0.015 mm. When mov-
ing across the windshield, the wiper-blade
element must overcome coefficients of dry
friction of 0.8...2.5 (depending upon air
humidity), and coefficients of Net friction
of 0.6 .. 0.1 (depending upon frictional ve-
locity). The correct combination of wiper-
element profile and rubber properties
must be chosen so that the w per lip can
wipe the complete wiped area of the wind-
shield surface at an angle of approx. 45.

Rear-window cleaning systems

These systems perform similar to wind-
shield-cleaning systems. However, ser-
vice life is limited to 0.5-106 wipe cycles

Rubber wiper-blade element inworking
position
I Claw bracket,

2 Spring strip,
3 Lip,
4 Double microedge,
5 Windshield.

45'/ /4
5

1

3
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772 Windshield and rear-window cleaning

In right-hand traffic vehicles, the wiped
area is preferred with parking position on
the right-hand side (as viewed in the di-
rection of travel). The 180' system is used
when rear-window dimensions permit.

Headlamp cleaning systems

Twosystemshavebeenadoptedforclean-
ing headlamps: the wipe/wash system and
the wash-only system (P. 773). For the
wipe/wash system a wiper arm is driven di-
rectly by a motor with a step-down gear
unit; the water required to clean the head-
lamps is taken from the windshield-washer
reservoir.

The advantages of the headlamp-wash
system lie in its simplicity and often in its
easier adaptation to the vehicle styling
concept It is important that the nozzles
are positioned correctly so that water jets
properly cover the headlamps at all dri-
ving speeds.

The law requires that a dirty headlamp
whose luminosity has been reduced to
20% must regain 80% luminosity within a

Rear-window wiped areas
The shaded areas (here, LHD vehicle) repre-
sent impaired visibility with regard to vehicles
whichareovertaking.

period of 8 seconds. The system must be
able to complete at least 50 cycles on one
charge of cleaning fluid.

Wiper motors

Permanent-magnet DC motors are used
as wiper motors. For normal ise in wind-
shield-wiper systems, they ircorporate a
worm-gear unit, butwhen used in rear-win-
dowandheadlampcleaningsystems,they
often incorporate an additiona gear unit for
translating rotary motion into oscillating
motion (four-bar linkage. rack-and-pinion
mechanism or crank-wheel machanism).

The output of wiper motors for wind-
shield and window cleaning systems is
rated differently from that of common elec-
tric drives. Legal regulations and applica-
tion requirements usually specify that the
operating speed of the first wipe frequency
be ne = 45 mir- and for the second wipe
frequency nu = 65 min- Taking the maxi-
mum friction between rubber alement and
window, this results in a torrue for each
wiper arm which the wiper mo:or must pro-
duce al a minimum speed of A = 5 mirr1
The starting torque MAn in Nm for operation
of one wiper arm is calculatec as follows:

MArl= /wVFN - tmax fS LA/ '
(COw, flax/ocUv.5) (1la( -(RAJRAk)

WFN Downward nominal load of wiper
arm in N (arm movement on wind-
shield or rear window, approx
15 N per m wiper-blade length),

Pm", Max. coefficient of dry friction of
rubber element (2.5 atr < = 93%
relative air humidity),

fs Multiplier to account for joint fric-

Wiper motor with worm gear
I Perrnanent-magnet DC motor,

2 Worm gear, 3 Shaft end

2 3
K i I

7-V. 7

I;
ffi~

Location of headlamp cleaning nozzle
(wash system and wiper blade)
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Windshield and rear-window cleaning

Characteristic curve of a wiper motor
a Speed, I Current, P Power output,
y EfficiencyAt Torque.
The subscripts refer to wiper speeds I and 2.

*02 1 i

ng

1IA2 Al

tion of wiper arm (usually 1.15),
f Tolerance factor to account for

wiper-arm load tolerance (usually
1.12),

L Wiper-arm length in m,
o m Max. angular velocity of the wiper

arm,
rnv Mean angular velocity of the

wiper-motor crank,
tOtH rax/oboM 0.15 - (0,01- alv)

+ sin (xv/2)
ak,=Wiper angle / or ,

los Efficiency of gear unit, usually as-
sumed to be 0.8; must be mea-
sured separately when using spe-
cial mechanism components (e.g.
transversely jointed linkage, addi-
tional controlled four-bar linkage,
multiple O-ring seals),

RA, Electrical resistance of armature
winding heated by nominal opera-
tion,

RAk Electrical resistance of cold arma-
ture winding.

(RAw/IR ) usually 1.25

The motor's short-circuit strength is an-
other important factor in its design. This is
defined as the length of time during which
the stalled motor must withstand the full
test voltage without short-circuiting its
windings (usually specified as tK = 15 min).

Together, the frictional load and the
gear ratio result in an operating torque on
wet glass which is 0...20% of the tighten-
ing torque. In the case of very large wiper

systems operating on nearly vertical
windshields (e.g. on buses), the torque of
the wiper arm resulting from its own
weight must also be taken into considera-
tion (separately calculated allowance),

In the case of drive motors with pendular
mechanisms (rear window anc headlamp
cleaning systems), the required torque is
determined at the oscillating shaft.

It is calculated as
MI = F -FN ( -S . ,A- (RAJRAk)

Washing systems

To ensure good visibility in the wiped
areas, it is imperative that the wiper sys-
tem is backed by a washing system. Elec-
trical centrifugal pumps of simple design
are used (characteristic pump curve) to
pump the water through 2 to 4 nozzles and
onto the windshield in a narrow spray pat-
tern. The water, to which a cleaning addi-
tive is added, is contained in a eservoir of
1.5...2 t capacity. If the same water is used
also to clean the headlamps, E larger vol-
ume of up to 7 1 is necessary. A separate
reservoir can be provided for the rear-win-
dow cleaning system. The washing sys-
tem is often coupled to the corresponding
wiper system by means of an electronic
control so that water is sprayed onto the
window or windshield while a pushbutton
is pressed, with the wiper system continu-
ing to operate for several additional cycles
after the pushbutton is released.

773

Electric washing-system pump ivith
characteristic curve
I inlet connection wi inlet fitting, 2 Impeller
3 Pumphousing, 4 Delivery connection,
5 DC motor

.4
2 xdia0.7mm ThrorIepoints

bar fo)rnovIaz~dies.
2 x dia. 0.8 m m

12 
x dia. 1 0 m

10 
7

0 f0 2.0 30 l/mn
Delivery rate Q -I
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774 Windshield and rear-window cleaning

Automotive windshield
and window glass

Silica glass is used for automotive wind.
shields and windows. Approximate com-
position:
72% SiO2 as vitrifier
14% Na2 O as flux
10% CaO as stabilizer
4%MgO Ia

Windows are made of flat glass which is
poured using the float-glass process. Fu-
sion occurs at a temperature of 1550'C;
the melt then passes through a refining
zone of 1500'C to 1100C before being
poured onto the so-called float bath (liquid
tin) and cooled to a temperature of 600C.
It is at this stage that the two plane-paral-
lel surfaces of exceptionally high quality
are produced (tin-bath surface below, fire-
finished surface above). After passing
through a cooling zone, the glass is then
cut to pieces of 6.10 mx 3.35 m.

The glass can now be further processed
in one of two ways:
- as single-pane toughened safety

glass (TSG)
or

- as laminated safety glass (LSG),
which is primarily used for wind-
shields.

TSG windows differ from LSG windows in
that they exhibit higher mechanical and
thermal strength as well as different
breakage and shattering behavior, TSG
panes pass through a toughening
process which greatly presiresses the
surface of the glass. In case cf breakage,
these windows break into many small
dull-edged pieces.

The LSG window, on the other hand,
exhibits a normal shattering pattern.
When an LSG window is cracked, it is

Material properties and physical data of automotive glass(finished windshields aid windows)

[Prpery Dimension [ TSG [iF_____

1) Properties of finished laminated safety glass (LSG) In calculating the permissible bending stress,
the coupling effect of the PVB film is to be disregarded
) Calculated values; these values already contain the necessary safety margins.

Derisily
Surface hardness
Compressive strength
Modulus of elasticity
Bending strength

before prestressing
after prestressing

Impact-ball strength (DIN 52 306)
(at room temperature)

Arrow-drop strength
DIN 52 307 (at room temperature)
Specific heat
Coefficient of thermal conductivity
Coefficient of thermal expansion
Dielectric constant
Light transmittance (DIN 52 306), clear
Index of refraction
Deviation angle of wedging

Dioptric faults (DIN 52 305)
Temperature resistance

Resistance to temperature shocks

2500
5 ... 6
700_.900
68 000

30 )
502)
> 7
l227 g ball)

0.75 ... 0.84
0.70 ... 0.87
9.0- 0 -
7 .8
= 90
1 52
< 1.0 flat
< 1.5 bent
< 0.03
200

200

2500

700._900
70 000

301)

> 90
(2-26 kg ball)
> 18')

0-75..--0.84
0.70 ... 0.87
9U - 10-6

=901)

< 1.0 flat')
<; 1,5 bent')
sO0.031)
901)
(max. 30')

kg,(rn3
Mphs
M N/M2

MN/m2

MN/m2
MNW
Nm

kJ,'kgK
VVJmK
m1mK

Angle
minute
DPtr
.C

K
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Visible range

Windshield and rear-window cleaning 775

Light transmittance of automotive windshield and glass
1 Float glass and TSG windows, thickness: 4 mm,
Tinted LSG windows of different colorsr total thickness: 5.5 mn,
2 Clear, 3 Bronze-colored, 4 Green

Infrared rangeUV100

a
U
C
Is

S
In
C
Is

a)
-U

0.3 04 0.4 0.6 0.7 0.8 1,0 12 1.4 1,6 1.8 2.0 2.2
Wavelength

8 -

60

40

20

n

easier to see through than a TSG window.
Laminated glass is made of two panes of
glass bonded to each other by means of
an intermediate film of plastic (polyvinyl
butyral).

The formation of many small, blunt frag-
ments of glass which are held in position
by the plastic film reduces the danger of
injury. In the case of the Sekuriflex win-
dow (a refinementofthe LSG window), an
additional plastic film with excellent opti-
cal and mechanical properties (e.g.,
abrasive and scratch resistance) is ap-
plied to the inside surface of the window.

Green or bronze-colored windows are
used for heat absorption because they
block the transmission of infrared light
more strongly than light of shorter wave
lengths. On the other hand, light trans-
mission in the visual spectrum is reduced
from 90% to 80%.

Optical properties

The optical properties of TSG and LSG
windows are roughly the same, because
the optical properties of the PVB film are
very closely aligned to those of glass,

Heatable safety glass

In the case of heatable safety glass
(TSG), heating conductors are applied to
the window (not yet prestressed) using
the silk screen process, and ere sintered
in place during the prestressing process.
Subsequent galvanization increases the
strength of the heating conductors, tem-
pers them and protects them against en-
vironmental influences. Window areas
treated in this way can be kept free of mist
by heating, and even of ice if the heating
power is high enough.

Heated window areas must never be
cleaned using caustic or scouring
cleansers (e.g. chlorine, ammonia, sand
or acids).

In the case of LSG windows, very thin,
nearly invisible heating wires are applied
in wavy lines to the plastic adnesive film.
They are connected in series and/or par-
allel in order to achieve the intended elec-
trical resistance. The thin wi es provide
even better heating coverage. The heat-
ing power of passenger-car rear window
heating systems is aporoximately
3...5 W/dm2.

4
tj
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776 Heating, ventilation and air conditioning

Passenger-compart-
ment heating,
ventilation and air
conditioning (HVAC)
Function
The vehicle's climate-control system pro-
vides for the following:
- a comfortable climate for all passengers,
- an environment calculated to minimize

driver stress and fatigue,
- more recent units use filters to remove

particulate matter (pollen, dust) and
even odors from the air,

- good visibility through all windows, and
windshield-

In many countries the performance of
the heater unit is governed by legal re-
quirements, with emphasis on the de-
froster's ability to maintain clear windows
and windshields (such as EEC Directive
78/317 within the European Community,
and MVSS 103 in the USA),

Systems deriving heat
from the engine

On vehicles with liquid-cooled engines,
the engine heat (by-product of the com-
bustion process) contained in the coolant
is used to warm the passenger compart-
ment. With air-cooled engines, engine
heat is taken from the exhaust or, in some
cases, from the engine's lubrication cir-
cuit. The heater core consists of tubes
and fins, and has the same basic design
as the engine radiator. Coolant flows
through the core's tubes while air flows
through its fins. Two design concepts are
available for regulating the heater's ther-
mal output.

Coolant-side heater control
In these systems, the entire air flow is
usually directed through the heater core
while a valve controls the heating output
by regulating the flow of coolant through
the unit. Extreme precision is required
from the valves, which must be capable of
providing consistent, stable settings for

C)

C)a
S
S

Is
C.)

Comfortable interior temperature andair
flow rate as a function of outside
temperature
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Outside temperaturer to

accurate control at the minimal flow rates
necessary for maintaining low heat levels
(important between seasons). A disad-
vantage lies in the fact that the heating
output varies according to the coolant's
pressure and temperature, meaning that
heater performance is affected by engine
speed and load.

Air-side heater control
In this type of system the flow of coolant
through the heater core is Lnrestricted.
The heat is regulated by dividing the air
flow before it reaches the cor: A portion
of the air flows through the core, while the
rest is directed around it.Thetwo currents
are subsequently reunited in the plenum
chamber. An air flap can be used to regu-
late the distribution of the two currents,
thereby determining the amcunt of heat
taken from the coolant. This lype of con-
trol arrangement is less senstive to fluc-
tuations in engine load, and air-tempera-
ture adjustments take effect immediately
Water and/or air-side blocks prevent un-
desirable residual warmth from emerging
from the hot core when the heater is not in
operation.

One disadvantage of the air-side con-
trol layout lies in the larger ins allation vol-
ume required for housing the bypass duct
and the plenum chamber.

The air-ventilation current is provided
by a constant-speed or adjustable-speed
electric blower, whereby aerodynamic
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pressure can also become a significant
factor as vehicle speed increases. The
minimum hourly air-flow rate should be
30 m- per person (figure for reference pur-
poses only). Factors such as passenger-
compartment temperature, outside tem-
perature, airflowand (toacertaindegree)
heat radiation, all affect the process of
achieving a comfortable climate (see illus-
tration). Because the precise data on
these variables vary substantially from
one vehicle to the next, actual figures
must be derived empirically.

As motor vehicles have relatively small
passenger compartments, drafts and
sunlight entering through windshield and
windows confront the heating, ventilation
and air-conditioning (HVAC) systems with
extreme challenges. In order to enhance
passenger comfort, an attempt should be
made to maintain the temperature in the
footwell 4..8 'C above that of the air
around the upper body.

Electronic heater control
Variations in outside-air temperature and
vehicle speed cause fluctuations in the
temperature of the passenger compart-
ment. On standard systems, the heater
controls must be constantly readjusted by
hand in order to maintain an agreeable
temperature. Electronic heater control
dispenses with this requirement by main-
taining the interior temperature at the de-
sired level automatically.

On heater units featuring water-side
regulation, sensors monitor the tempera-
tures of the vehicle's interior and of the
emerging air; the control unit processes
this information and compares it with the
preselected temperature. Meanwhile, a
solenoid valve installed in the cooling cir-
cuit opens and closes at a given frequency
in response to the signals which it receives
from the control unit. The adjustments in
open/close ratio in the cycle periods regu-
late the flow rate from the closed position
up to the maximum. A servo-actuated ad-
justment flap is usually employed to pro-
vide infinitely-variable temperature regula-
tion in air-side systems (pneumatic linear
adjusters are also occasionally used). So-
phisticated systems allowing separate ad-
justment for the left and right sides of the
vehicle are also available.

Air conditioners

The heater unit alone is not capable of
providing a comfortable environment at all
times. When the outside tomperature
climbs beyond 20C, the air must be
cooled to achieve the required interior
temperatures. Here, compresor-driven
refrigeration units with R 134a refrigerant
are in use (until 1992, R12 refrigerant)

The engine-driven compressor com-
presses the vaporous refrige'ant, which
heats up in the process and is then di-
rected to the condenser where it cools
and liquefies. The energy supplied in the
compressor and the heat absorbed in the
evaporator are dissipated to the environ-
ment here.

An expansion valve sprays the cooled
Iquid into the evaporator where the evap-
oration process extracts the required
evaporation heat from the incoming
stream of fresh air, thereby cooling the air.

Air conditioner with electronic water-side
control(schematic)
I Blower, 2 Evaporator, 3 Evapor tor
tempera ure sense 4ater co r e
5 Solenoid valvo,56Aircxi-tenmpo aure
sensor 7 Setpoint control, 8 Intenor sensor
(ventilated). 9 Control unit, 10 Compressor
a) Fresh air, b) Recirculatedair, c, Defrost,
d) AC bypass, e) Ventilation, ) Fo Dwell
Y) Condensation drain,

;e
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778 Heating, ventilation and air conditioning

Moisture is extracted from the cooled air
as condensation, and the air's humidity is
reduced to the desired level. Evaporators
and condensers are generally designed
as tube-and-fin heat exchangers. The
evaporator is located before the heater
core in the fresh-air stream and cools the
air to approx. 3...500. The dehumidified
air is reheated in the heater core to the
desired temperature.

Automatic climate control
Automatic climate control is particularly
usefulforvehiclesinwhichbothaircondi-
tioner and heater are installed, because
the constant monitoring and adjustment
required to maintain a temperate climate
presents the occupants with a compli-
cated task. This rule applies to bus drivers
in particular, as they are exposed only to
the conditions at the front of the vehicle.
An automatic climate control system in-

corporating a preselection feature can au-
tomatically maintain the correct tempera-
ture, air flow and air distribution in the
passenger compartment. These parame-
ters are mutually interdependent, and
changes to one will affect the others. At
the center of the system is a tmperature-
control circuit for interior temperature,
The control unit continuously monitors
both the preselected temperature and all
essential variables which affect the sys-
tem, using this information to calculate a
setpoint t, The setpoint is compared with
the actual temperature, and the control
unit uses the difference between the two
as the basis for determining the required
heating, refrigeration, and air-flow rate,
Another function controls the position of
the air-distribution flaps with reference to
the program which the occupants have
selected. Meanwhile, all control circuits
continue to respond to manual inputs.

Coolant circuit of an air-conditioning system
I Compressor 2 Electric clutch (or compressor on/off function), 3 Condenser 4 Auxilary fan,
5 High-pressure switch,6 Fluidreservoir with desiccant insert, 7 Low-pressure switch,
8 Temperature switchor oncontrol (for compressor on/off function), 9 Temperature sensor,
10 Condensate drip pan, It Evaporator 12 Evaporatorfan, 13 Fan switch, 14 Expansion valve.

.......... _ 14
13

2

12

10
3

--9
- 8

5 67
High pressure, liquid - Suction pressure, liquid
High pressure, gaseous Suction pressure, gaseous
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The setpoint temperature determined by
the control unit is achieved by means of
water or air-side adjustments (as de-
scribed in "Electronic heater control").

Infinitely-variable or graduated blower
control is used to adjust the air flow to the
specified level. There is generally no set-
point processing involved in this opera-
tion. This type of arrangement is inade-
quate for dealing with the increases in
flow rate caused by aerodynamic pres-
sure at high speeds. Here, a special con-
trol function can compensate by respond-
ing to increasing vehicle speeds, initially
by reducing the blower speed to zero, and
then, should the flow continue to rise, by
using a restriction flap to throttle the
stream of incoming air.

Control of air distribution to the three
levels - defroster, upper compartment
and footwell - is effected manually, with
preselection, or with a fully-automatic pro-
gram. Especially popular are units featur-
ing program control buttons in which each
button provides a specific air-distribution
pattern for the three levels.

The defroster represents a special
case. In order to clear the windows as
rapidly as possible, the temperature con-
trol must revert to maximum heat and
maximum blower speed while directing
the air flow through the upper defroster
outlets. On systems with program
switches and fully-automatic units, this
operating mode is selected with a single
button; at temperatures above 0 OC the re-
frigeration unit is also activated to extract
humidity from the air. To prevent the still
unheated air giving rise to drafts, the
blower is switched off electronically after
cold starts in winter, except when "DEF'
and cooling are in operation.

The variations described above are
used in both passenger cars and trucks,
Buses require more complicated layouts
The passenger compartment can be di-
vided into several control zones, in which
the temperature is controlled by electron-
ically regulating the speed of the zone's
individual water pump.

Auxiliary heater installations

The fuel for units which produce heat
without the aid of the engine is supplied
either by the standard vehicle tank, or, on
large vehicles, by a separate tank. An
electric pump supplies the fuel to an in-
jector, which sprays a fuel mist into the
combustion chamber; the mist mixes with
the air and burns. The hot exhaust gases
are then directed to a heat exchanger.
The heat exchanger can function in one of
two ways, either warming the interior air
directly, or by transferring heal to the en-
gine's coolant circuit. In the latter case,
circulation is maintained by a separate
electric pump, making it possible to use
the standard heating unit to warm the
passenger compartment. Th s type of
auxiliary heating for the engine coolant
also improves cold-start response in the
winter.

Auxiliary air heater (independer t of
engine)
IAirheaterwithblowerforcombustion
and heatinyaircombustion chaniner and
ho texchanger, Hot-air intake, Air oulet
to vehicle interior, 4 Combustion-airintake,
5 Fuel supply, 6 Exhaust system, 7Electronic
controlunit,8Thermostatandtim-rforpre-
selecting switch-on time.

1
3

2 6

44
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Instrumentation

Drivers have to process a permanently in-
creasing stream of information originating
from their own and other vehicles, from
roads and from telecommunications
equipment. All this information must be
conveyed to drivers in the information and
communications areas of their vehicles
with suitable display and indicating equip-
ment and in compliance with ergonomic
requirements. In future, it will increasingly
become the norm for cellular phones, nav-
igation systems and ranging systems to
join radios and vehicle monitoring systems
as standard features in motor vehicles.

Information and
communications areas

in any vehicle, there are four information
and communications areas, which must
satisfy different requirements in terms of
their display features:
- the instrument cluster,
- the windshield,
- the center console and
- the vehicle rear compartment.

The display features of these areas are de-
termined by the available range of informa-
tion and the necessary, useful or desirable
information for the occupants concerned,

Dynamic information and monitoring in-
formation (e.g. fuel level) to which the dri-
ver should respond is indicated in the in-
strument cluster (i.e. as near as possible
to the primary field of vision)

A head-up display (HUD), which re-
flects the information in the windshield, is
especially suited to engaging the driver's
attention (e.g. in the case of warnings
from a ranging warning radar (ACC) or
route directions). The display is supple-
mented acoustically by voice output.

Status information or dialog prompts
are mainly displayed in the vicinity of the
operator unit in the center console.

Information of an entertainment nature
is featured in the vehicle rear comoart-
ment, away from the primary field of vi-
sion. This is also the ideal location for the
mobile office. The backrest of the front

passenger seat is a suitable installation
location for the monitor and cperator ter-
minal of a laptop computer.

Driver information systems

The driver information area in the vehicle
cockpit and the display technclogies used
have gone through the following stages of
development:

Individual and combined instruments
Conventional individual instruments for
the optical output of information were ini-
tially superseded by more cost-effective
instrument clusters (combination of sev-
eral information units in a single housing)
with good illumination and antireflection
qualities. The passage of time, with the
continual increase in information, saw the
creation in the existing space available of
the modern instrument cluster with sev-
eral needle instruments and numerous
tell-tale lamps (Fig., no. 1)

Driver information area (development)
I Needle instrument, 2 Needle instrument
with TN LCD and separate AMLCD in center
console, 3 Needle instrument wih (D)STN
and integrated AMLCO, 4 Programmable
instrumerr with two AMLOD components.
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Digital displays

Djgial instruments
The first digital instruments used on a
large, worldwide scale featuring vacuum
fluorescent displays (VFDs) and later liq-
uid-crystal displays (LCDs) can now
mainly be found in Japan and the USA in
luxury-class cars. These instruments
found little favor in Europe and have now
virtually disappeared from use. Here the
trend towards needle instruments has
continued uninterrupted but with a radical
technical change in the way in which they
are activated (Fig., no. 2).

Central display and operator unit in
center console
The introduction of navigation and driver
information systems (PP. 796/798) has
seen the incorporation of a display monitor
and a keypad in the center console. Such
systems combine all the additional infor-
mation from functional units and informa-
tion components (e.g. cellular phone, car
radio/CD, controls for heating/air condi-
tioning (HVAC) and - Important for Japan
- the "TV"function) in a central display and
operator unit. The components are inter-
connected in a network and are capable of
interactive communication

Positioning this terminal, which is of uni-
versal use to driver and passenger, in the
center console is effective and necessary
from both ergonomic and technical stand-
points. The optical information appears in a
graphics display. The demands placed by
TV reproduction and the navigation system
on the image/map display determine the
resolution and color reproduction.

Graphics modules
Fitting vehicles with a driver's airbag and
power steering as standard has resulted
in a reduction in the view through the top
half of the steering wheel. At the same
time, the amount of information that has to
be displayed in the installation space
available has increased This creates the
need for additional display modules with
graphics capabilities whose display areas
are able to show any information flexibly
and in prioritized form.

This tendency resultsin instrumentation
featuring a classical needle instrument but

supplemented by a graphics display Even
the central display monitor is located at
the height of the instrument clUster. What
is important to all optical displays is that
they can be easily read inside the driver's
primary field of vision or in its immediate
vicinity without the driver having to divert
his eyes from the road for long periods.
This is the case for instance wien the dis-
plays are positioned in the lower area of
the center console (Fig., no. 31.

The graphics modules in the instrument
cluster permit mainly the display of driver-
and vehicle-related functionssuch as e.g.
service intervals, check functions cover-
ing the vehicle's operating stzte and also
vehicle diagnostics as needed for the
workshop. They can also show route-di-
rection information from the navigation
system (no digitized map excerpts, only
route-direction symbols such as arrows
as turn-off instructions or intersection
symbols), It is to be expected that the ini-
tially monochrome modules ill be suc-
ceeded ina second stage by color dis-
plays whose reading speed and reliability
are increased by color reproduction.

For the central display monitor with an in-
tegrated information system, the tendency is
now to switch from a 4:3 aspect ratio to a
wider format with a 16:9 aspect ratio (cin-
ema-film format), which enables additional
route-direction symbols to be displayed as
well as the map. More recent d velopments
see the display being split into Iwo separate
screens: one screen is only read by the dri-
ver and displays driver-related information
while the other screen can onk be seen by
the passengerand shows e.g. E cinemafilm.

Individual module with computer
monitor
By roughly 2003, the remaining mechani-
cal measuring instruments will have dis-
appeared and the entire area of the in-
strument cluster will have been replaced
by a freely addressable graplics monitor
(provided the price of LCD computer mon-
itors develops economically). Such a unit
module would offer an array oi information
display options. It is conceivable to have
an individually selectable form of display
which is geared to the specific needs of in-
dividual user groups (e.g. frequent, older
or sports car users) (Fig., no. 4).
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Instrument clusters

Design
Microcontroller technology and the ongo-
ing networking of motor vehicles have in
the meantime transformed instrument
clusters from precision-mechanical in-
struments to electronically dominated de-
vices. A typical instrument cluster (LED-il-
luminated, with TN-type conductive-rub-
ber-contacted segment LCDs, see Fig.) is
a very flat component (electronics, flat
stepping motors) and virtually all the com-
ponents (mainly SMT) are directly con-
tacted on a printed-circuit board.

Operating concept
While the basic functions are the same in
most instrument clusters (see typical block
diagram), the partitioning of the function
blocks into (partly application-specific) mi-
crocontrollers, ASICs and standard periph-
erals sometimes differs significantly (prod-
uct range, display scope, display types).

Electronic instrument clusters indicate
measured variables with high accuracy
thanks to stepping-motor technology, and
also take over "intelligent" functions such
as engine-speed-dependent oil-pressure
warning, prioritized fault indication in ma-
trix displays, or service-interval indicator.
Even online diagnostic functions are stan-
dard and take up a significant part of the
program memory

Because instrument clusters are stan-
dard features on all vehicle types and all
the bus systems merge here anyway, the
former are becoming increasingly estab-

Instrumentcluster (design)
I Tell-tate lamp, 2 Printed-circuit board,
3 Stepping motor, 4 Reflector, 5 Flug
6 View cover 7 Needle, 8 LED, 9 Dial face
10 Optical waveguide, II LCD
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lished as gateways, i.e. bridges between
the different bus systems in the motor ve-
hicle (e.g. engine CAN, body CAN and di-
agnostic bus).

Measuring instruments
In Europe, manufacturers still tend towards
the classical instrument with mechanical
needle and dial face. Here, initially the
compact, electronically triggered moving-
magnet quotient measuring instrument re-
placed the bulky eddy-current speedome-
ter. Geared stepping motors with very low

Instrument cluster (block diagram)

c signalS7 inputs

Busnterlaces
j (CANetc.)

Stepp - j
ng-motor

Warning amps Lighting

driver

Display--
driver

Microcontroller
Typical software
functions:
-Signal acquisition
-Flieing
- Diagnostic functions

Activation of waming
lamps and stepping
moors

-Calculation algorithms
(e.g speed, service
interval, oil quantity)
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overall depth and still higher precision are
currently used. Thanks to a compact mag-
netic circuit and (mostly) 2-stage gearing
with a power output of only approx. 100
mW, these motors permit swift and highly
accurate needle positioning.

Lighting
Instrument clusters were originally lit by
frontilghting technology in the form of
electric bulbs. Backlighting technology
has in the meantime gained acceptance
on account of its attractive appearance.
Bulbs have been replaced by long-lasting
light-emitting diodes (LEDs, see P. 143),
LEDs are also suitable for warning lamps
and for the backlighting of scales, displays
and (via plastic optical waveguides)
needles (refer to table headed "Overview
of lighting sources").

Highly efficient InAIGaP-technology
LEDs are meanwhile available in the col-
ors yellow, orange and red. The newer In-
GaN technology is currently producing
significant efficiency improvements in the
colors green, blue and white. Here the
color white is obtained through the combi-

Overview of lighting sources

Lighting Possiblecolors
source

Typical
data )

nation of a blue LED chip with an orange-
emitting luminescent material (yttrium-
aluminum granulate).

However, new technologies are also
being used for special configu:-ations:
- CCFLs (Cold Cathode Fluorescent

Lamps): mainly for "black screen" in-
struments, which appear black when
they are deactivated. The combination
of a tinted view cover (e.g. 25% trans-
mission) with these very bight lamps
(high luminance, high voltage) pro-
duces a brilliant appearance with out-
standing contrast. Since color LCDs
have very low transmission (typically
approx. 6%) it is imperative that CCFLs
are used to backlight them in order to
obtain good contrast even in daylight.

- ELfelectroluirinescent)(i: AC is ap-
plied to this flat film in order for it to light
up. It features very uniform light distrib-
ution, and has only recently become
suitable for automotive applications. It
offers extensive freedom o design for
color combinations and/or for superim-
posing dial areas on display surfaces.

Techni- E
cally 2
suitable c

a o
0
E

Cm

Service
lifei?) in h

Ac!iti

Bulb White 1mW Dial lace + - B9 4,500 No special
(everycolor 65mA Needle 0 - activation
possible wilfilter) 14V Display + o required

SMD LED Red,orange,yellow Blm Dial face 0 - B3 > 10,000 Se ies resistors
lumines- (InAIGaP) 25mA Needle + + or control
cent diode Display + - recuired

Blue,green 2---5m Dial face o - 83 > 10,000
(InaN), white 20mA Needle o o
(with converter) 3.5V Display 0 -

EL film Blue,violet,yellow, 2m Dial face + - approx. Hih voltage
electrolumi-greenorange, 100VAC Needle - - 10,000 rewired
nescent white 400Hz Display - -

CCFL While (every color 25mn Dialface + + 3 10,000 High voltage
cold- possible depending 2 kV AC Needle - 0 required
cathode on luminescent 50...100kHz Display [+ +
lamp mnate rial)I I

fficency in inW iumen per wat), oure)t inm Avolage in V or kV, activation freq4ency in kHz
) Bj Point witn 3% failure probabilty Suitaiity: preerroed, condilional, no appication
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Display types

TN LCD
With its high status of development, TN-
LCD technology ("Twisted Nematic Liq-
uid-rystal Display", see P 143) is the
most commonly used form of display. The
term stems from the twisted arrangement
of the elongated liquid-crystal molecules
between the locating glass plates with
transparent electrodes. A layer of this
type forms a light valve", which blocks or
passes polarized light depending on
whether voltage is applied to it or not. It
can be used in the temperature range of
-40O'C...+85DC. The switching times are
relatively long at low temperatures on ac-
count of the high viscosity of the liquid-
crystal material,

TN LCDs can be operated in positive
contrast (dark characters on a light back-
ground) or negative contrast (light charac-
ters on a dark background). Positive-con-
trast cells are suitable for front- and back-
lighting while negative-contrast cells can
only be read with satisfactory reading
contrast when strongly lit from the rear.
TN technology is suitable not only for
smaller display modules but also for
larger display areas in modular or even
full-size LCD instrument clusters.

Graphics displays for instrument
clusters
Dot-matrix displays with graphics capabil-
ities are needed to display infinitely vari-
able information. They are activated by
line scanning and therefore require multi-
plex characteristics. Under the conditions
prevailing in a motor vehicle, conventional
TN LCDs can today produce multiplex
rates of up to 1:4 with good contrast and
up to 1:8 with moderate contrast. Other
LCD display technologies are needed to
achieve higher multiplex rates. STN and
DSTN technologies are now being used
for modules with moderate resolution.
DSTN technology can be implemented to
provide monochrome or color displays.

STN LCD and DSTN LCD
The molecule structure of an STN (Super
Twisted Nematic) display is more heavily
twisted inside the cell than in a conven-

tional TN display STN LCDs permit only
monochrome displays; usually in blue-yel-
low contrast. Neutral color -an be ob-
tained by applying "retarder film", but this
is not effective throughout the entire tem-
perature range encountered in the vehicle.

DSTN LCDs (Double-layer STN) fea-
ture considerably improved characteris-
tics, which permit neutral black-and-white
reproduction over wide lemperature
ranges with negative and positive con-
trast. Color is created by backlighting with
colored LEDs. Multicolor reproduction is
created by incorporating red, green and
blue thin-film color filters on one of the two
glass substrates. Under auornotive condi-
tions,'shades of gray are only possible to
a very limited extent, the resu t of which is
that the range of colors is limited to black,
white, the primary colors red, green and
blue and their secondary colors yellow,
cyan and magenta.

AMILCD
The task of the visually sophisticated and
rapidly changing display of ccmplex infor-
mation in the area of the instrument clus-
ter and the center console witi high-reso-
lution liquid-crystal monitors with video
capabilities can only effectively be per-
formed by an AMLCD (Active-Matrix Liq-
uid-Crystal Display).

The best developed and mostly widely
used are the TFT LCDs (hin-Film Tran-
sistor LCDs) addressed w;th thin-film

Thin-film transistor LCD(TFT LCD)
I Row circui, 2 Thin-film transistr,
3 Column circuit 4 Front-plane eectrode,
5 Colorlaer6Black matrx
7tGlass sutrse3Pixel electrde.

1 2 4-
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transistors. Display monitors with diago-
nals of 4"...7" in the center-console area
and an extended temperature range
(-25 C-..,+85 'C) are available for motor
vehicles. Formats of 10"...14" with a still
wider temperature range (-40 0C...
+950C) are planned for programmable in-
strument clusters.

TFT LCDs consist of the "active" glass
substrate and the opposing plate with the
color-filter structures. The active sub-
strate accommodates the pixel electrodes
made from tin-indium oxide, the metallic
row and column circuits and the semicon-
ductor structures At each intersecting
point of the row and column circuits, there
is a field-effect transistor which is etched
in several masking steps from a previ-
ously applied sequence of layers. A ca-
pacitor is likewise generated at each
pixel,

The opposite glass plate accommo-
dates the color filters and a "black-matrix"
structure, which improves the contrast of
the display. These structures are apphed
to the glass in a sequence of photolitho-
graphic processes. A continuous counter-
electrode is applied on top of them for all
the pixels. The color filters are applied ei-
ther in the form of continuous strips (good
reproducfion of graphics information) or
as mosaic filters (especially suitable for
video pictures).

Head-up display (HUD)
Conventional instrument clusters have a
viewing distance of 0.8...1.2 m. In order to
read information in the area of the instru-
ment cluster, the driver must adjust his vi-
sion from infinity (observing the road
ahead) to the short viewing distance for
the instrument. This process of adjust-
ment usually takes 0.3... 0.5 s. Older dri-
vers find this process strenuous and in
some cases, depending on their constitu-
tion, even impossible. HUD, a technology
involving projection, can eliminate this
problem. Its optical system generates a
virtual image at such a viewing distance
that the human eye can remain adjusted
to infinity. This distance begins at approx-
2 m, and the driver can read the informa-
tion with very little distraction, and without
having to divert his eyes from the road to
the instrument cluster.

Desqin
The HUD features an activated display for
generating the image, a lighting facility, an
optical imaging system and a "combiner",
with which the image is reflected into the
driver's eyes. The untreated windshield
can also take the place of the combiner
Active displays (light emitters) such as
CRTs or VFDs and passive d splays (light
modulators) are used for HLED. PDLC or
DSTN displays are suitable but they do
need very bright lighting because they ab-
sorb approx.70% of the transmitted light
on account of the required polarizers.

Indication of HUD information
The virtual image should not cover the
road ahead so that the driver is not dis-
tracted from the traffic or road conditions.
It is therefore displayed in a region with a
low road or traffic-information content.

In order to prevent the driverfrom being
overwhelmed with stimuli in his primary
field of vision, the HUD should not be
overloaded with information, and is there-
fore not a substitute for the conventional
instrument cluster. It is however particu-
larly well-suited to displaying safety-re-
lated information such as warnings,
safety distance and route directions

Head-up display HUD (principle)
Virtual image, 2 Reflection in windshield,

3 LCDandlighting orCRT VFC) 4 Optical
system, 5Electronics.

2 3

1 7 -

-

4 
/

5
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Automotive sound
systems

Reception conditions

Critical FM reception conditions occur e.g.
when the transmitter signal is briefly inter-
rupted by a mountain or building (resulting
in hiss) or with the delayed reception of
broadcast waves which are reflected by
these obstructions (resulting in distortion).
Other sources of interference: Cross-talk
from adjoining high-power transmitters,
interference at one frequency emanating
from intermodulation products of two
other - more powerful - transmitters.

Technical terms

ARI: Autofahrer-Rundfunk-Information
(radio information for the driver). This traf-
fic-information system is the product of a
cooperative development project involv-
ing Blaupunkt, the ADAC (the largest Ger-
man motorists' association) and the Ger-
man ARD radio network, It is in active use
in Germany, Switzerland, Austria, and
Luxembourg:

Those FM broadcasters participating in
the traffic-information network constantly
transmit a special identification signal
(SK), which is recognized by all ARI-
equipped radios. If the ARI button has
been activated, the channel scanner will
pause only at traffic-information stations.

The stations also transmit a supple-
mentary regional identification (BK) code
to identify the specific area for which traf-
fic information is being broadcast. A code
letter (A through F) appears in the display
on radios which are capable of regional
recognition (letters correspond to those
found on the blue signs on German high-
ways).

Yet another signal is transmitted for the
actual traffic announcements: DK, the an-
nouncement code- This signal ensures
that the driver always hears the traffic in-
formation at an appropriate volume (ad-
justable), quite aside from whether the ra-
dio is turned down or a cassette or CD is

playing (playback mechanism pauses for
the duration of the announcement).
Antenna-diversity recognition: This is a
receiver system for vehicles which are
equipped with several - usually two - an-
tennas (e g., window antennas). It's chief
function is to alleviate the effects of the
multipath distortion induced by reflected
radio waves. As multipath intarference is
characterized by substantial local fluctua-
tions in field strength (within a range of
50...100 cm), at least one of the vehicle's
antennas can usually be counted on to be
positioned for clear reception, provided
that there is sufficient distance between
them. The diversity system automatically
switches over to the antenna with the best
reception. Different systems are charac-
terized by varying degrees Df technical
complexity,
a) Conventional scanner (1-tuner diversity):
Should the reception quality at antenna
"A" fall below a specified level, the unit re-
sponds by tentatively switching to an-
tenna "B". If "B" is even won;e, then the
unit reverts to "A". If "B" is better, the unit
remains at "B".
b) Seleqtiveprocessmulti-tuner diversty.
Each antenna feeds to its owi tuner. The
system compares the reception quality at
the respective antennas on a continuous,
uninterrupted basis, using this information
to select the antenna providng the best
signal,

ADA (Auto-Directional Antenna): This
is a multi-antenna reception system de-
veloped by Blaupunkt which uses a sepa-
rate tuner with each antenna in a layout
similar to that of the "selective process"
described above. The salient difference
lies in the fact that there is no alternation
between antennas with ADA. Instead, the
system processes all - up to four - an-
tenna/tuner signals, modifying amplitudes
and phase lengths as required for subse-
quent summation. A special control algo-
rithm automatically processes amplitude
and phase to ensure that minmal interfer-
ence is reflected in the cumu'ative signal.
The system can thus selectvely deacti-
vate reception from individual directions,
electronically simulating the response of a
directional antenna.

ADA has been designed for application
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with several window antennas and/or sim-
ple wire and foil antennas in bumpers.
ASU: Automatic interference suppression
for car radios, suppresses ignition noise in
the FM band.

Output power: Amplified output which
the car radio or auxiliary amplifier
(booster) transmits to the speakers. DIN
45324 distinguishes between sinusoidal
output (continuous power with pure tone)
and music output (continuous power with
complex sample signal) in watts. When
units on the market are compared, max.
power (brief maximum output power) is
generally specified. The relationship be-
tween "volume" and "output" is exponen-
tial. The increase in volume produced by
doubling the output is just barely audible
(3 dB). More important is the speakers'ef-
ficiency factor (volume in dB/1W/1m).
While "output variations in watts" play a
secondary role in practice, technical justi-
fication for the installation of ultra-high-
output systems may well be present in the
form of reduced low-frequency distortion
(--4 Automotive speakers -+ Subwoofers).

CD (Compact Disc): 12- or 8-centimeter
sound-reproduction medium featuring
signals stored in digital form and playing
time of more than 60 minutes. A laser
beam is directed toward a reflective infor-
mation layer for contactless optical scan-
ning. Variations in this layer (pits) dampen
the reflected beam received by the prism.
A photo diode monitors this information
for binary transmission to a digital-analog
converter. A new 16-bit amplitude value is
processed 44,100 times per second, pro-
viding the D/A converter with the data to
reconstitute the original sound signal "bit
by bit".

DigiCeiver: New technology developed
by Blaupunkt in which the radio receiver
digitally processes the signal through to
the prestage output. The results in signif-
icant advantages in terms of reception
performance and sound quality. A con-
stituent part of the DigiCeiver concept is
Sharx, a digitally variable filter for optimiz-
ing the selectivity. Radio stations which
are very close together can thus be
crisply picked out from each other.

Automotive sound systems 787

DPE (Digital Parametric Equalizing):
Steep-edged two-stage equalizer with
freely selectable operating frequencies
and filter levels with which unwanted res-
onances are effectively suppressed and
frequency-response incursion; of speak-
ers are linearized. The sound becomes
much more homogeneous and coherent.

DSA (Digital Signal Adaptation) com-
prises a digital 4-channel 9-band equal-
izer (self-calibrating or manually ad-
justable) and a DNC component (Dy-
namic Noise Covering). DNC perma-
nently analyzes the driving noise with an
external microphone and adapts the vol-
ume and sound of the radio accordingly
on a frequency-selective basis. Its opera-
tion is adjustable in three stages.

RDS (Radio Data System): Digital data-
transmission system for FM broadcasters,
who transmit the RDS "data telegram" in a
single standardized format throughout
Europe. The data, which can be inter-
preted by car (or home) radios equipped
with RDS decoders, include the following:
-The call letters or identity o' the station

being received (e.g., "BAYERN 3" or
"BBC Radio 1") appear on the radio's
display (PS Code).

- Also transmitted is a list of alternative
frequencies on which the current broad-
cast can also be received (AF Code).
The RDS receiver responcs to reduc-
tions in the quality of reception from the
station to which the radio is tuned by
searching through the AF list for alter-
native frequencies for the same station.
If the first alternative provides better re-
ception, then the unit locks onto the new
frequency. If it is worse, then RDS con-
tinues to the next substitute frequency.
The process is virtually inaudible under
ideal conditions (depending on individ-
ual unit design).

- Each station also has an identification
number (PI Code) for backup verifica-
tion, The PI code must rern3in constant
when the system selects a substitute
frequency, otherwise the system regis-
ters an impermissible station change.

- Traffic-information and aniouncement
codes (TP and TA Codes) The RDS re-
ceiver evaluates TP and TA in a process
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comparable to that employed for ARI-SK
and DK (-4 ARI). As most European coun-
tries are still without an ARI traffic-infor-
mation system, implementation with RIDS
was a logical step. The present ARI sys-
tem is expected to remain in place though
in A, CH, D, and LUX, operating parallel to
RDS, until 2005. In all North, South, and
West-European countries, the stations of
the national networks and most indepen-
dent broadcasters can be received with
the RDS services listed above.

The RDS format incorporates further op-
tions, e.g.:
- PTY Code (Program Tyoe): Classifies

up to 16 different program types accord-
ing to their content, i.e., news, classical
music, etc.

- "PTY 31": Control signal for superimpo-
sition of civil defense messages for the
general population (similar to TA). The
PTY 31 function cannot be deactivated.

- EON Code .EnhancedOther Net-
wors): "EON" informs thereceiver
when a traffic announcement is being
transmitted on a parallel program of a
chain of stations, and can switch to this
parallel broadcast for the announce-
ment's duration.

-IM Code (Traffic Messa:e annel):
For transmitting standardized informa-
tion bits, e.g., on traffic congestion. The
information bits can be triggered for re-
production - in any language. at any
time - via speech synthesizer. Naviga-
tion systems can monitor warnings on
obstructions for immediate calculation
of the best route for the given conditions.

- CT CodeJck/imme): Time, date.
- PTCode RadioText:Text transmis-

sion for receiver with suitable display,
e.g. display of music track currently be-
ing heard.

Auxiliary equipment

- Amplifier, booster: Separate auxiliary
amplifier (-4 Output power).

- Equalizer: Equalizers are employed to
improve bass and treble response
through graduated ampilfication and/or
suppression of individual frequency
ranges. The specific acoustical proper-

ties of the motor vehicle's interior result
in distortions of emphasis (non-linear
propagation) an equalizer can com-
pensate for these distortions. Today, it
is usually installed as a digital chip in
top-line car radios -- OPE, DSA.

- CD changer: CD player fcr installation
in the luggage compartment/trunk. The
CD changer is loaded with a disk mag-
azine which is usually capable of hold-
ing up to 10 disks. The CDs and the in-
dividual tracks are selectec using either
a suitably-equipped radio or a separate
remote-control unit

Automotive speakers

The acoustical properties of the vehicle's
interior, the speakers' locations and the
speakers themselves all influence the
quality of reproduction. The larger the
speakers, the better the bass response
(e.g., four x 160 mm syster). Separate
subwoofers are becoming popular in
sound systems at the higher end of the
price range; they can be hidden, e.g. be-
low the rear tray or on the panel between
passenger compartment and trunk. For
optimal reproduction, subwoofer systems
generally require powerful -Amplifiers

Antennas

The effectiveness of a vehicle's antenna is
directly proportional to its distance from the
vehicle's major ground masses. Good re-
ception is ensured by the telescoping rod
antenna, also available as a motor-driven
automatic antenna". An alteinative is the
integral window or windshield-mounted an-
tenna which is also available as an after-
market unit for attaching to the inner sur-
face of windshield or windows. Although it
is more sensitive to direction, which puts it
at a slight disadvantage relative to the rod-
type unit, among its main advantages are
the fact that it needs no maintenance and is
unaffected by wear: In contrast to the rod
antenna, the window unit causes no aero-
dynamic drag, and it requires no retraction
space. A third alternative is a short, flexible
whip antenna which is techn cally a com-
promise between the other two extremes.
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Digital Audio Broadcasting
DAB

Features
The new digital broadcasting system DAB
is the most significant development in
broadcast engineering within the frame-
work of the European EUREKA 147 pro-
ject since the introduction of FM. It offers
the following features:
- safe and interference-free reception for

both mobile and portable applications,
- CD-comparable sound quality,
- economical in frequencies due to

sound-data reduction and mutual
broadcasting networks,

- economical in power due to suitable
transmission procedures and coding,

- suitable for international, national, re-
gional and local radio and

- assured future on account of multime-
dia compatibility.

The system developed by the Eureka
147 DAB project and standardized by the
European Telecommunications Stan-
dards Institute (ETSI) is up to now the
only system which satisfies these require-
ments and for which the International
Telecommunications Union (ITU) has
voiced a recommendation

Typically, 5.7 radio stations and several
data channels are combined into an en-
semble. A station ensemble, e.g. all the
stations of a German ARD broadcasting
network (e.g. BR, WOR), is broadcast
throughout the country on a mutual net-
work so that the stations can be received
everywhere on the same frequency. Band
III (175...239MHz) is designated for na-
tional broadcasting while local radio is
planned in the L-band (1453...1491 MHz).

Through flexible division of an ensem-
ble, it is possible to transmit other data
such as video/television or Internet pages
instead of the radio stations, These DAB-
system applications have been intro-
duced under the term DMB (Digital Multi-
media Broadcasting), Its highly favorable
mobile reception characteristics make it
possible to provide drivers with intelligent
telematics services (DAB/ITS). Under the
title MEMO (Multimedia Environment for
Mobiles), a return channel via GSM is on

Automotive sound systems 789

offer for the DAB system This enables the
transmission of the Internet or other data
services with high data rates .nd interac-
tive user operation.

Principles of Eureka
147 DAB system
The DAB system is essentiall based on
three components:
- the sound-data reduction pocedure in

accordance with MPEG-i1 (ISO 11172-3)
or MPEG-2 (ISO 13818-3). Layer II in
each case,

- the transmission procedure Coded Or-
thogonal Frequency Divisioi Multiplex-
ing (COFDM) and

- a flexible division of the transmission
capacity into a variety of sibchannels
which, independently of eacn other, can
transmit sound and data programs with
differing data rates and with differing er-
ror-protection levels (DAB multiplex).

Audio coders are used for the data reduc-
tion of the individual radio stations. Chan-
nel coding is then employed tc add the re-
dundancy required for error correction in
the receiver. Several data services can be
combined in a packet multiplexer which is
Then also submitted to channel coding.
The subochannels' channel-coded data
are combined with the Fast Information
Channel (FIC) data, which -ontain the
multiplex and program-information struc-
ture, and are then COFDM modulated.
This generally takes place digitally in the
form of a Fast-Fourier Traisformation
(FFT). The signal is converted from digital
to analog, mixed to the corresponding
transmit frequency, amplified, filtered and
transmitted.

The antenna signal is converted to the in-
termediate frequency (IF) in the high-fre-
quency stage and then filtered and digi-
tized. The information is then recovered
from the individual COFDM carriers (gen-
erallyby means of an FFT again). Here, in
principle only that part of the data which
contains the desired programs needs to
be evaluated.

After error correction (by Viterbi decod-
ing), the data are either directed to the au-
dio decoder, which recovers the sound
signal, or made available for further use at
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790 Automotive sound systems

an appropriate data interface. The FIC
data are used to control and operate the
receiver.

For sound-data reduction, Eureka 147
has settled on the procedure complying
with MPEG-1 Layer 11 and several supple-
ments from the follow-up standard
MPEG-2 Layer II, which is sometimes
also (although incorrectly) referred to as
the "Musicam procedure". The advantage
of this procedure is that it permits high
compression factors while maintaining
manageable complexity and relatively
short delays in coding and decoding. With
data rates of 160.256 kBit/s, for stereo
transmission it provides quality which is
comparable to that of a CD.

The COFDM procedure is particularly
well-suited to providing reliable multi-
channel reception and shared-channel
broadcasting by networks. The essential
concept of the procedure is to divide the
entire data stream into many data sub-
streams (192... 1536). Each of these sub-
streams is transmitted on a subcarrier
with a low data rate and thus a long sym-
bol duration (magnitude 100ps...1 ms).
The symbol duration for COFDM is there-
fore significantly greater than the typical
propagation-time differences of the
received signal elements (magnitude
10...100Ops). In this way, and due to the
additional protection interval, it is even
possible to avoid intersymbol interference
completely. Error protection coding is
used to eliminate remaining bit errors.

A bandwidth of 1.536 MHz has been
selected for DAB. There are four parame-
ter records for the COFDM procedure,
which facilitate the implementation of both
terrestrial common-frequency networks in
Band Ill and the L-band, as well as satel-
lite broadcasting up to 3GHz. The num-
ber of COFDM subcarriers amounts here
to 1536, 768, 384 or 192 and the carrier
spacing is accordingly 1, 2, 4 or 8 kHz.

On account of the choice of bandwidth,
the DAB system offers a considerably
higher data rate than is needed to trans-
mit a radio program. For this reason, sev-
eral programs and data services are com-
bined to form a multiplex which is then
transmitted. All the stations transmitted
on a DAB multiplex are jointly termed an
"ensemble". The ensemble multiplex is

flexible, both in terms of the number and
data rate of the individual subchannels
and also in terms of its error protection,
i.e. the redundancy added or transmis-
sion. With minimum redundancy, the bit
rate of the DAB system can extend to
1.84 MBits while it is possible to start out
from approx. 1.2 MBit/s for mobile recep-
tion.

Because the multiplex is flexible, the re-
ceivers must be informed as to how the
multiplex of the DAB ensemble that has
just been received is configured or when
and how it will be reconfigured. This
process takes place in the Fast Information
Channel (FIC). All other data which is
needed to operate and control the receiver,
e.g. station names and altrnative fre-
quencies, are transmitted on this channel.

The combination described above of
sound-data reduction, COFOM, and flexi-
ble multiplex, makes DAB en extremely
versatile system whose app ications can
extend far beyond traditional radio broad-
casting. In the end, these willlead to digi-
tal multimedia broadcasting, which can
also be received in cars and with portable
devices.
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Parking systems

Parking aid with ultrasonic
sensors

Introduction
On virtually all motor vehicles, in order to
reduce fuel consumption the bodies have
been designed and developed in such a
way as to achieve the lowest possible
drag-coefficient values. Generally speak-
ing, this trend has resulted in a gentle
wedge shape which greatly restricts the
driver's view when maneuvering. Obsta-
cles can only be poorly discerned - if at all.

Parking aids with ultrasonic sensors
provide drivers with effective support
when parking. They monitor an area of
approx. 30 cm to 150 cm behind or in front
of the vehicle. Obstacles are detected and
brought to the driver's attention by optical
and/or acoustic means.

Detection range ofparking systems with
all-round monitoring

[i ~

YI

-- v -

System
The system comprises the following com-
ponents: ECU, warning element and ul-
trasonic sensors.

On vehicles with only rear-end protec-
tion, usually 4 ultrasonic sensors are in-
stalled in the rear bumper,

Additional front-end protection is pro-
vided by installing a further 4 to 6 ultra-
sonic sensors in the front bumper.

The system is activated atomatically
when reverse gear is engaged or, in a
system with additional front-end protec-
tion, when the vehicle drops below a
speed threshold of approx. 1E km/h. The
system's self-test function ensures that all
the system components are permanently
monitored during operation.

Ultrasonic sensor
Following a principle that is the same as
echo depth sounding, the sersors trans-
mit ultrasonic pulses with a frequency of
approx. 40 kHz and detect the time taken
for the echo pulses to be reflected back
from obstacles. The distance of the vehi-
cle to the nearest obstacle is calculated
from the propagation time of the first echo
pulse to be received back accc rding to the
formula:

a=0.5 -e-c

to Propagation time of ultrasonic signal(s)
c Speed of sound in air (approx. 340 ms)

The sensors themselves consist of a plas-
tic housing with integrated plug connec-
tion, an aluminum diaphragm on the inner
side of which a piezoceramic water is at-
tached, and a printed-circuit board with
transmit and evaluation electrnnics. They
are electrically connected to 1he ECU by
1hree leads, two of which serve to supply
power. The third, bidirectiona signal line
is responsible for activating the transmit
function and returning the evaluated re-
ceived signal to the ECU. When the sen-
sor receives a digital transmit pulse from
the ECU, the electronic circuit excites the
aluminum diaphragm with suare-wave
pulses at the resonant frequency so that it
vibrates, and ultrasound is emitted. The
diaphragm, which in the meantime has re-
turned to rest, is made to vibrate again by
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Mounting principle of ultrasonic sensor in
bumper
I Senso, 2Decoupling ring,
3 4nstalaionhousing, 4Bumper.

1 2 3 4

<F
/1

/9

Antenna emitting diagram of an ultrasonic
sensor

Verical, 2Hoizontal

0
0 2

/ I 8

1 2

Block diagram of sensor

Oscil- Tans-
Eator former

Trans3-\

-4+ mi/

r-2 ve ]

Compa- Band- Amrpli-

the sound reflected back fron the obsta-
cle. These vibrations are converted by the
piezoceramic wafer into an analog electri-
cal signal which is then amplilied and con-
verted into a digital signal by the sensor
electronics.

In order to be able to cover as extensive
a range as possible, the detection charac-
teristic must fulfill special requirements In
the horizontal range, a wide detection an-
gle is desirable. In the vertical range, how-
ever, it is-necessary to have a smaller an-
gle in order to avoid interference from
ground reflections. A coripromise is
needed here so that obstacles can be re-
liably detected.

Specifically adapted mounting brackets
secure the sensors in their respective po-
sitions in the bumper.

ECU
The ECU contains a voltage stabilizer for
the sensors, an integrated microproces-
sor and all the interface circu ts needed to
adapt the different input and output sig-
nals. The software assumes the following
functions:
- sensor activation and echc reception,
- propagation-time evaluation and calcu-

lation of obstacle distance,
- activation of the warning elements,
- evaluation of the input signals from the

vehicle,
- monitoring of the system components

including fault storage and
- provision of the diagnostic function.

Warning elements
The warning elements identify the dis-
tance to an obstacle. Their design is vehi-
cle-specific, and they usually provide for a
combination of acoustic signal and optical
display. Both LEDs and LCDs are cur-
rently used for optical displays.

In the example of a warning element
shown here, the indication of the distance
to the obstacle is divided into 4 main
ranges (see table)

Protection area
The protection area is determined by the
range and number of sensors and by their
emission characteristic.

Experience has shown that 4 sensors
are sufficient for rear-end protection, and
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Range Distance

<1.5m M

<1.0

< 0.5m r

< 0.3m M

Opt. display Accustic1
LED signal

green Intermittent

green-yellow Intermittent

green+yellow Continuous
-red

All LEDs Cont nuous
fiasn

4 to 6 for front-end protection. The sen-
sors are integrated in the bumpers, which
means that the distance to the ground is
already fixed.

The installation angle of, and the gaps
between the sensors are vehicle-specific.
These data are taken into account in the
ECU's calculation algorithms. At the time
of going to press, application engineering
had already been carried out on more
than 150 different vehicle types. Thus,
even older vehicles can be retrofitted.

Calculating distance toan individual
obstacle (example)
a Distance, burnper/obstacle,
b Distance, sensor 1/obstacle,
c Distance, sensor2/obstacle,
dDistance,sensor1/Sensor2.
1 Transmit and receive sensor,
2Receivesensor.3Obstacle-

2(2 +2-b2)?
a = c24d2

23 1

* A

Example of a warning element
1 LED warning lights.
2 Opening for a acoustic signal

1-x
2- -

IV

li

Block diagram of ECU

Tenw 15310, 
t 
sercs

von

Vehicle PC Sensor
signal _1-interfaCe
interface PU

CP

ROM Arose1c

intter 'e wa ring

PROM
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Trip recorders

These devices record the vehicle speed,
the distance covered (odometer), and the
time. They also incorporate a warning
lamp which is triggered when vehicles ex-
ceed a preset speed (such as the legally
permitted limit, or the maximum speed
commensurate with economical opera-
tion). The following data is also recorded
on the tachograph chart along with the
corresponding clock time: Road-speed
curve, wheel time and pauses, distance
covered. The trip recorder, which is de-
signed specifically so that it can be call-
brated, is mandatory for certain vehicle
categories within Germany (Paragraph
57b, StVZO (FMVSS/CUR)). Various
other countries also have specific national
regulations governing the use of trip
recorders.

Mode of operation

The EC tachoorah is a spec al form of trip
recorder which incorporates an auxiliary
feature allowing diferentiated recording of
wheel time and test periods (time-group
monitor); different versions are available,
for either one driver or two. The EC tacho-
graph meets all the requirements set forth
in EEC Directive 3821/85, i.e., the EC
tachograph charts serve as the driver's
official daily record. Within the countries of
the European Union, the EC achograph is
obligatory equipment on specific types of
vehicle, where it monitors compliance with
the time behind the wheel and the rest
periods prescribed in EEC Directive
3820/85. The supplementary features on
the EC tachograph include a clock-func-
tion display and an LED which confirms to
the driver that the charts are installed and
that all styluses are functioning properly

Some tachographs also display and
record engine speed. Opeiation control
and further parameters can also be
recorded when the appropriate options

EC tachograph chart
IClock time scales. 2Speed recordingsS3 0riving and stationary times (time group ecording)
4 Distance traveled.

T 1 
7 r

jt - /%~) j

2 -- 4

~t22
tt¼_LA

1 1

V

J ?
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are installed. These include the two-stage
auxiliary stylus (e.g., for recording fuel
consumption) and contacts which trigger
other warning and control devices in re-
sponse to vehicle and engine speed.

Trip recorders and EC tachographs must
maintain the strict operating tolerances
defined in the German Calibration Regu-
lations, in Paragraph 57b of the StVZO
(FMVSS/ CUR) and in EEC Directive 3821/
85. These regulations also extend to gov-
ern periodic inspection of tachograph and
related equipment by authorized facilities.

The tachograph chart can be interpreted
using any of several methods, including vi-
sual, electronic and microscopic evalua-
tion. Visual evaluation is the simplest
method, as the chart disk makes it possible
to appraise and check an entire day's op-
eration at a glance. Systematic visual eval-
uation embraces the following individual
checks: Written entries, working time,
breaks, rest periods, assessment of driving
style, fuel consumption and engine speed,
as well as manipulated or incorrect record-
ings. Microscopic examination uses a spe-
cial microscope to analyze the recording
down to a precision range measured in
seconds and meters. The data gathered
can be entered in a time/distance graph
(see illustration) for precise reconstruction,
e.g., of the events preceding an accident.

Within the framework of a fleet-man-
agement system, tachograph charts can
also be subjected to semi- or fully auto-
matic evaluation and the data processed
in a computer.

Pulse drive is employed on tacho-
graphs featuring electronic monitoring
systems. It runs on signals produced by a
pulse generator, installed either within the
vehicle or at the transmission's speedo-
meter-drive gear, which converts the me-
chanical rotation of the speedometer pin-
ion into electronic pulses.

The most modern electronic trip
recorders and EC tachographs incorpo-
rate an integral conversion feature to
adapt the unit for variations in the number
of pulses per kilometer traveled. No extra-
neous devices are required. On vehicles
with variable-ratli rear axles, a conver-
sion-gear unit modifies the ratio of the
tachograph's drive signal to maintain syn-
chronization with vehicle conditions.

Accident chart with microscopicay
determined driving-speed curve
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Navigation systems

Navigation systems have become ex-
tremely popular in recent years. Initially,
the available systems were mainly in-
tended for retrofitting. Since then, naviga-
tion systems are mainly fitted as optional
extras on new cars and are no longer the
sole preserve of a few luxury-sedan mod-
els. This development has enabled such
systems to be better integrated in the ve-
hicle. Sensors can be jointly used by var-
lous vehicle systems. Displays in the in-
strument cluster place important route-
guidance information in the driver's
primary field of vision,

Some vehicle manufacturers have even
incorporated navigation as part of a com-
plete driver information system with audio
and telephone functions. This develop-
ment will continue.

Simple systems which offer the driver
no more than a mere indication of his/her
position on a card and a straight-line di-
rection to destination, have for the most
part disappeared from the market.

Common to all systems is the combina-
tion of the basic functions of "positioning",
"destination selection", "route computa-
tion" and "route guidance". Systems in the
upper performance spectrum also offer a
color map display. All the functions
require a digital map of the road network
and this is generally stored on a CD-
ROM.

Orientation
Position location
The position is located by means of com-
posite positioning whereby the route ele-
ments are added cyclically according to
amount and angle. This process involves
the accumulation of errors but these are
compensated for by permanent compari-
son of the position with the road in the dig-
ital map (map matching). Thanks to the
GPS satellite positioning system, the nav-
igation system can still be operated with-
out any problems after short trips outside
the digitized road network or after the
vehicle has been transported by sea or
rail.

Sensors
For positioning purposes, it was fre-
quently the case that two wheel sensors
were used to determine the travel and
changes of direction, and a geomagnetic
sensor was used to determine the ab-
solute direction of travel Essentially, the
GPS positioning system served to correct
heavy sensor interference or to locate the
correct point of reentry into the stored
road network after trips outside the range
of the digital map. More modern systems
only need a simple travel signal, as is al-
ready often available for seed-depen-
dent volume control of car radios. The
change of direction is determined by a
yaw-rate sensor (gyrometer'. The geo-
magnetic sensor has become superflu-
ous as it has now become possible to de-
termine the absolute direction of travel via
the Doppler effect from the GPS signals.

Destination entry
Directories
The digital CD map contains directories
so that a destination can be eitered as an
address. Lists of all the locations (towns,
villages) available on the CD are required
for this purpose. In turn, all locations are
allocated lists containing the names of the
stored roads/streets. For further precise
pinpointing of destinations, it is also pos-
sible to select road/street intersections or
street numbers. However, the availability
of house numbers is still very limited due
to the prohibitive expenditure involved in
ascertaining such data. Diivers rarely
know the addresses of destinations such
as airports, rail stations, service stations,
car parks and many more. For this rea-
son, there are classified directories listing
these destinations, which are also fre-
quently called points of interest (POls).
With these directories, it is even possible
for instance to find a filling station in the
vicinity of one's vehicle. Mar<ing a desti-
nation in the map display or calling up
destinations which were prev ously stored
in a destination memory are firther selec-
tion options.

Travel guides
As a logical development of selecting
POls. CDs are now available with travel
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guides as the result of joint cooperation
between publishing companies and the
manufacturers of the digital maps. For in-
stance, these CDs can be used to look up
hotels in the vicinity of the destination. In-
formation on size, prices and facilities of
the POls are also contained on the COs.

Route computation
Destination selection
It must be possible to adapt the route
computation to the driver's wishes. Set-
tings for optimizing the route in accor-
dance with driving time or mileage are
available in many systems. Route compu-
tation should lake care of such assign-
ments as avoiding freeways/motorways,
ferry connections and toll roads. Initial
computation of the route once the desti-
nation has been selected must be com-
pleted inside halt a minute. If the driver
departs from the recommended route, it is
critical for the system to recompute the
route still more quickly. The option to re-
quest an alternative route at the touch of
a button is helpful in that it enables the dri-
ver to bypass traffic congestion ahead,

Dynamic routing
Automatic bypassing of traffic congestion
is already possible through evaluation
of RDS-TMC-coded traffic messages
These can be received by way of RDS or
GSM.

Route guidance
Determination of route
Route guidance is performed by compar-
ing the present position with the com-
puted route. From the sequence of the
road section just covered and the roads
still to be covered on the route, the system
can decide whether the driver must make
a turn-off maneuver or simply continue
along the present road.

Route and direction recommendation
The route and direction recommenda-
tions are first and foremost issued
acoustically. This enables the driver to0fol-
low the directions without being distracted
from his/her job of driving. Simple graph-
ics, if at all possible in the primary field of

vision (instrument cluster), support the
driver in understanding the directions.
The conciseness of these acoustic and
graphic directions is the decisive factor in
the quality of route guidance Identifying
the direction to be taken from a map in the
display is not considered a primary option
as this distracts the driver.

Dynamic routing
Traffic congestion is automatically by-
passed by evaluating the coded traffic
messages which are transmitted inaudi-
bly over the Traffic-Message Channel of
the Radio Data System (RDS-TMC) par-
allel to the radio program They are al-
ready available in GSM services.

Map display
Depending on the system, the map can
be displayed on a color moiitor with a
scale ranging between approx. 1:8000
and 1:16 million. It is helpful depending
on the scale, in maintaining an overview
of the route in the vicinity or or, a more far-
ranging scale. Driver orientation is sup-
ported by the provision of topographical
background information showing such
things as lakes, rivers and carals, built-up
areas, railroads and forests.

Road-map memory
The CD-ROM has become :he primary
medium for storing road mapt. The struc-
tures of the data stored on they represent
manufacturer-specific know-how and sig-
nificantly influence system performance.
For this reason, the CDs presently on the
market for systems of different manufac-
turers are not compatible with each other
Efforts are being made however to stan-
dardize navigation CDs.

With the size of the digitized areas, the
completeness of recording te road net-
work and the increasing wealth of addi-
tional information, the capacity of the CD-
ROM (which initially seemed so great) will
be exhausted in the foreseeable future
The Digital Versatile Disc rDVD), with
many times the capacity of the CD-ROM,
has already been marked out as its suc-
cessor

797
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Traffic telematics

The word "telematics" is derived from the
contraction of the words "telecommunica-
tions" and "informatics". Accordingly, the
transmission of traffic-related information
from and to motor vehicles, and its subse-
quent, mostly automatic evaluation is
combined under the term "traffic telemat-
ics".

Transmission paths

Today, the main transmission paths for
telecommunications are provided by
radio and mobile radiocommunications
networks.

Radio only allows a path into the vehi-
cle and does not serve to communicate
individual messages. With GSM, informa-
tion can be exchanged in both directions
between vehicles and control centers run
by service providers. The amount of infor-
mation exchanged is restricted in each
case by the bandwidth of the available
transmission channels. It is therefore es-
sential that the coding of standardized
message content is as free as possible of
redundant information.

Standardization

In the case of reports of traffic holdups, the
standardization of content refers for in-
stance to the type of holdup (such as
"jam", "road block"), to the causes (such
as "accident', "black ice") and to its extent
and expected duration. Coding of the lo-
cation of a traffic holdupis also necessary.

While a person can interpret spoken
messages with his/her geographical ex-
perience and e.g. the signposts in his/her
surroundings, this option is not available
for computer-controlled evaluation of in-
formation.

The coding of the designations for geo-
graphical regions, longer freeway/motor-
way sections (segments), and individual
road points (locations) such as free-
way/motorway junctions and intersec-
tions, has been standardized to permit
transmission over the Traffic Message

Channel of the Radio Data Sstem (RDS-
TMC).

For traffic-telematics applications using
the Short Message Service (SMS) in
GSM networks, service providers have
drawn up the Global Automotive Telemat-
ics Standard (GATS), which is used for
breakdown and emergency calls, infor-
mation services and traffic-data acquisi-
tion in accordance with the Floating Car
Data principle described below.

Selection

One of the strengths of traffic telematics is
its ability to select from a frequently very
large stream of information those mes-
sages which are of relevance to the driver,
For instance, by evaluating the vehicle's
position, microcomputers in the vehicle
can determine which trafic message
could affect the vehicle's route.

Decoding of traffic messages

Decoding and selection of TMC-coded
traffic messages are today already inte-
grated features in 1-block ca' radios, such
as the Blaupunkt "VIKING TMC 148", The
driver can enter up to 5 freeways/motor-
ways, national highways or regions for
which a selection of messages is to be
performed. These are then converted by
a voice-output chip into audible mes-
sages. Because the messages conform
to standardized information groups, there
is also no problem in conver:ing them into
different languages.

Telematics services

Devices such as the Blaupunkt "Gemini
GPS 148" have a GSM module and a re-
ceiver for the Global Positioning System
(GPS). As well as normal teephone func-
tions, the GSM module also facilitates the
bidirectional transmission of messages
via SMS. The GPS module enables the
vehicle's position to be pinpointed to an
accuracy of approx. 100 m. Such devices
can make use of telematics services such
as "traffic information", "breakdown calls"
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and "calls for assistance".
Traffic messages can be selected as a

function of the vehicle's actual location
and direction of travel, and also through
selection of freeways/motorways and na-
tional highways. In the event of a break-
down, the driver can establish a tele-
phone link to a control center at the touch
of a button. At the same time, the vehicle's
position is transmitted via SMS.

For future GSM services, the functions
of the devices can be extended by loading
new software.

Dynamic route guidance

The most extensively automated evalua-
tion of traffic information is performed for
the purposes of dynamic route guidance.
Thanks to standardized coding of loca-
tions (see "Standardization"), distur-
bances and their extent and expected du-
ration, computers in route-guidance sys-
tems can assess the effect of a traffic
holdup on the driver's route and then as-
sess whether there is a better alternative
route.

In this case, the driver is instructed that
the route has been recalculated on ac-
count of traffic messages. Subsequent
route directions follow in accordance with
the new route.

For dynamic route guidance, it is nec-
essary for the CDs, which usually carry
the digital map for route-guidance sys-
tems, to include a reference table cover-
ing the locations of the traffic messages.

The traffic messages are received ei-
ther through an FM receiver with RDS de-
coder or through SIS from GSM net-
works.

Systems with dynamic route guidance
have been available since 1998, and have
rapidly become popular because of their
comfort and convenience for the driver.

Information collection

The benefit to drivers presented by traffic
telematics can only be as good as the in-
formation used. In particular, the up-to-
dateness of the messages has not been
without problems.

Traffic telematics 799

Information collection by way of road
infrastructure
For many years now, information about
the traffic flow on important stretches of
road has been recorded by induction
loops inserted in the roads 1hemselves.
Using these loops, the numbe and speed
of the vehicles passing over the loops can
be ascertained, and the figu'es used to
calculate the traffic density (vehicles
per km) and traffic intensity (vehicles
per hour). There has been a marked step-
up in the installation of such loops in re-
cent years, but this is a time-consuming
and expensive process.

Alternatively, GSM service providers in-
stall sensors on freewzy/motorway
bridges. These are powered by solar cells
and transmit their information without
electric cables. They are simple and
cheap to install, but due to thEir system of
measurement they are limitec to counting
vehicles and roughly classifying their
speed.

Floating Car Data
A further option for collecting traffic infor-
mation involves the Floating Car Data
principle.

A car "floats" along in the ow of traffic
and transmits its position and speed cycli-
cally to a control center. In the control
center, statistical analysis of 'he individu-
ally collected data is employed to gener-
ate current messages on the traffic situa-
tion. For this method, all veh cles have a
bidirectional connection (such as SMS).
However, the precondition for the collec-
tion of statistically reliable data is that
there is a high percentage of appropri-
ately equipped vehicles on the road. Be-
cause this is not yet the case, this proce-
dure has up to now only been used in field
tests. Since the vehicle percentage was
still not high enough in the field tests, final
proof of effectiveness is still to come.

I
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800 Mobile radio

Mobile radio

Mobile radiocommunications systems
can be divided into two categories: Public
radio networks (car phones, etc.) and pri-
vate mobile radio (or PMR). The public ra-
dio networks are - like their land-line
counterparts - universal-access systems.
In contrast, access to a PMR system is re-
stricted to specific groups. Mobile radio
networks consist of mobile transmitter/re-
ceiver units (mobile stations) and the req-
uisite infrastructure (system administra-
tion, stationary units and base stations).
Attempts to economize on the number of
necessary frequencies have led to the es-
tablishment of cellular networks; these
make it possible to use the same fre-
quencyrepeatedlyinnumerouscells,pro-
vided that the distances between the cells
are sufficient The precise number of sta-
tionary transmitters employed in a single
network depends upon the size of the
area being served and/or the number of
subscribers. Mobile radio units fall into
three categories: Vehicle units, portable
radios and hand-held devices.

C-Net communications control
1 Speech, 2 Compressed speech, 3 Digital
telegram, 4 Compressed speech & digital
telegram.

1/11 125rns l011 12.5ms

3

6bts (4databits)

4

1

2

Cellular telephone networks

Communications within the mobile tele-
phone network are always esiablished via
a stationary base station; the network is
not restricted to providing :ommunica-
tions between mobile units, and access to
and from the standard land-line telephone
system is also possible. At present, there
are (technically different) analog cellular
telephone networks and digital systems
(D-Net: GSM, E-Net) in operation in Eu-
rope.

C-Net
This radio-telephone networ operates in
Germany in the 450 MHz band.

The speech transmission utilizes ana-
log modulation. The communcations path
between two units is estaolished and
monitored with digital telegrams relayed
on special organization channels. The
system administration facility continually
monitors existing communications links
on the oral-communications channels by
slotting digital telegrams into gaps in the
speech transmission. The speech trans-
mission is subdivided into blocks of
12.5 ms. Before transmission, these
blocks are compressed into ime units of
10/11 x 12.5 ms. The digital telegrams are
inserted into the resulting gaps of 1/11 x
12.5 ms. Upon arrival at the receiver, the
telegram is filtered from the ransmission
signal and the speech is re-Dxpanded to
its original value of 12.5 ns. In recent
years, there has been a drop-off in the
number of users in favor of the digital net-
works.

D- and E-Net
The Europe-wide digitized cellular mo-
bile-telephone system GSM Global Sys-
tem for Mobile Communications) in the
900 MHz range (E-Nets in the 1.86 GHz
range) is intended to overcome the com-
patibility problems of the various Euro-
pean analog telephone systems. In con-
trast to the analog telephone networks, in
the D- and E-Net the speech is transmit-
ted in digital form. Here, 8 s~eech chan-
nels each with 16kbit/s, or 16 speech
channels with 8 kbit/s, are superimposed
upon a high-frequency channel with a
bandwidth of 200 kHz. Speech-channel
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Mobile radio 801

access inside the high-frequency channel
utilizes the TOMA (Time-Division Multiple
Access) method.

Private mobile radio systems
(PMR)

These are mobile-radio networks de-
signed specifically to meet the individual
operational requirements of given cus-
tomer groups. The essential object is to
provide total radio coverage within a spe-
cific, well-defined area, thus ensuring
consistent access to the mobile stations.
For analog PMR systems, the typical
times for establishing a link are below 1
second, whereas in special operating
modes ("open channel) no time at all is
needed to establish a link.
The most important subscriber groups
are:
- Electric utilities,
- Public-transport authorities,
- Official agencies and security

organizations,
- Common-frequency subscribers,
- Taxi and rental-car agencies.

Various analog and digital signaling pro-
cedures are employed to administer the
communications links. Selective-call net-
works allow the user to call a specific indi-
vidual station. The most important signal-
ing procedures are the 5-tone sequence
and the digital calling methods The five
digits of the 5-tone sequence contain the
code for the station address of the party
being called, with each digit being as-
signed a value of 0...9. Each number rep-
resents a frequency. The transmission
time for each number is 70ms.

Upon receiving and processing the 5-
tone sequence, the target station trans-
mits an acknowledge signal in the form of
its own 5-tone sequence, while a call tone
is also generated to alert the caller. This
establishes the communications link.

Systems employing a digital calling
system represent a further development
of the tone-sequence method. The data in
the "call and "acknowledge" telegrams
are contained in binary codes. Frequen-
cies of 1,800 Hz and 1,200 Hz are as-

signed to the bits "O" and "1"respectively,
The advantage over the tone-sequence
method lies in the fact that the digital
telegram can relay additional status infor-
mation over and beyond the target ad-
dress.

Trunked radio networks
In order to eliminate the increasing fre-
quency-crowding which was plaguing the
PMR networks, the German Post Office's
TELEKOM division set up trunked radio
networks in the 400 MHz band. The ob-
ject is to increase utilization efficiency
through common use and aministration
of several radio channels. Under the
same conditions, the system accommo-
dates more users on each channel than a
conventional network. It provides good
access within the trunked raio network
and exclusive communications links. The
possibility of dialing from the mobile sta-
tion into the public land-line telephone
system should be mentioned.

The link is administered through a spe-
cial radio frequency within the frequency
group (organization channel). as defined
by Specification MPT 1327 (MPT Ministry
of Post and Telecommunications). The
digital trunked radio network TETRA-25
(Trans-European Trunked Radio) has
been specified by the European Telecom-
munications Standards Institute (ETSI)
This TDMA (Time Division Wultiplex Ac-
cess) procedure uses a channel grid of
25 kHz each with four time slots in the
400 MHz range. The bit rate is 36 kbit/s
(overall) per carrier frequency

Another digital trunked radie network -
TETRAPOL-usestheFDMA(Frequency
Division Multiplex Access) procedure with
a narrow-band channel grid of 10 or
12.5 kHz. The bit rate here is 8 kbit/s
(overall) per carrier frequency

The European railways are planning a
radio-transmission procedure based on
GSM technology (GSM 2+, GSM-Rail-
way) for their radiocommunications oper-
ations.
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Vehicle information
system

In addition to the display and control ele-
ments for the predominantly vehicle-re-
lated functions, there is an increasing ar-
ray of information, communication and
comfort applications in a modern-day mo-
tor vehicle. The radio is virtually a stan-
dard feature, and telephone, navigation
system etc. are following this trend, Each
of these further applications would nor-
mally require its own display, specially
configured controls and a different proce-
dure for its operation. This agglomeration
of controls and displays would place addi-
tional burdens on the driver and, under
certain circumstances, would no longer
satisfy future requirements for comfort
and road safety. The motor-vehicle infor-
mation system provides the driver with a
standardized "user interface" for an as-
sortment of different applications.
This system combines the display and op-
erating elements from several applica-
tions within a sigle display and operating
unit. A substantial reduction in the num-
ber of input and output elements facili-
tates implementation of an ergonomically
satisfactory control layout In the face of
increasing complexity, the vehicle infor-

mation system furnishes an opportunity to
design clear, convenient vehicle instru-
mentation, an endeavor in which traffic
safety is one of the chief beneficiaries,
The display and operating un t maintains
mutual (bidirectional) commur ication with
the connected components via a bus sys-
tem (e.g. CAN) to control and indicate in-
formation in the display.

The most important control functions
are mainly input via input elements which
can be located by the driver "without look-
ing" within his/her immediate reach and
also via control elements on the steering
wheel. More extensive programming
tasks (such as storing automatic-dialing
codes for telephone numbers) can be per-
formed by remote control; sa-ety consid-
erations dictate that this type at program-
ming is only carried out with the vehicle
stationary.

The central display serves to indicate
the most varied of image information such
as texts, pictures and videos. Information
that is important to the driver while driving
(e.g. name of the traffic program station
being received, or a direction arrow as a
navigation instruction) can be shown in a
display in the instrument cluster. A voice-
output facility can provide the optical dis-
play with additional support. In the future,
a voice-input facility will assist the driver in
any number of system functions.

EE5nmi
000 r BLUPNK

Structure of a motor-vehicle information system

Central
display and
operating
unit

II
-- to drivetrain CAN bus to interior e-

Entertainment Telecommunications Comfort Monitoring
Radio, Telephone, fax, Navigation, Or-board computer,
TV, e-mail,emergency RIDS-TC, Back-up warning aid,
Drives. call, service provider, Traffictlelernatics, Alarm syrtem,

Audio, Internat. Airconditioner. Immobilizr,
Video, Diagnostis.
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Safety systems

Safety in motor vehicles

Active and passive safety
Active safety systems help prevent acci-
dents and thus make a preventive contri-
bution to safety in road traffic. One exam-
ple of an active driving safety system is
the Antilock Braking System (ABS) with
Electronic Stability Program (ESP) from
Bosch, which stabilizes the vehicle even
in critical braking situations and maintains
steerability in the process.

Passive safely systems serve to protect
the occupants against serious or even fa-
tal injuries. An example of passive safety
are the airbags, which protect the occu-
pants following an unavoidable impact.

Occupant safety systems

Seat belts and seat-belt tighteners

Function
The function of seat belts is to restrain the
occupants of a vehicle in their seats when
the vehicle hits an obstacle.

Seat-belt tighteners improve the restrain-
ing characteristics of a three-oint inertia-
reel belt and increase the protection
against injury In the event of a frontal im-
pact, they pull the seat belts tighter
against the body and thus hcld the upper
body as closely as possible against the
seat backrest. This prevents excessive
forward displacement of the occupants
caused by mass inertia (see Fig.).

Operating concept
In a frontal impact with a solid obstacle at
a speed of 50 km/h. the se.t belts must
absorb a level of energy comparable to
the kinetic energy of a perscn in free fall
from the 41 floor of a buildinc.

Because of the belt sack, the belt
stretch and the delayed effect of the belt
retractor ("film-reel effect"), three-point in-
ertia-reel belts provide only limited pro-
tection in frontal impacts with solid obsta-
cles at speeds of over 40 km/h because
they can no longer safely prevent the
head and body from impacting against the
steering wheel or the instrument panel.
An occupant experiences extensive for-
ward displacement without restraint sys-
tems (see Fig. on next page).

In an impact, the shoulder belt tightener
compensates for the belt slack and the
"film-reel effect" by retracting and tighten-

Occupant protection systerns with belt tighteners and front airbags
I Bett 2ightener 2Frontairbag for passenger, 3 Front airbag for drivr 4 ECU.

r-7-

3
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804 Safety systems

ing the belt strap. At an impact speed of
50 km/h, this system achieves its full ef-
fec within the first 20ms of the impact;-
and thus supports the airbag which needs
approx. 40ms to inflate completely. The
occupant continues to move forward
slightly until making contact with the de-
flating airbag and in this manner is pro-
tected from injury

A prerequisite for optimum protection is
that the occupants' forward movement
away from their seats remain minimal as
they decelerate along with the vehicle
This is achieved by triggering the belt
tighteners immediately upon initial impact
to ensure that safe restraint of the occu-
pants in the front seats starts as soon as
possible. The maximum forward displace-
ment with tightened seat belts is approx.
1 cm and the duration of mechanical tight-
ening is 5l10ms,

On activation, a pyrotechnical propel-
lant charge is electrically fired. The explo-
sive pressure acts on a piston, which
turns the belt reel via a steel cable in such
a way that the belt rests tightly against the
body (see Fig.).

Variants
In addition to the above-mentioned shoul-
der-belt tighteners for retracting the belt
reel, there are variants which pull the belt

Deceleration to standstill and forward
displacement of an occupant at an impact
speed of 50 km/h
( Impact, @ Firing of belt tightener/airbag,
C Belt tightened, Airbag inflated
--- without- with restraint systems.

km/h - cm
50 -100-

E

40- 80

30 - 60

(n2- / 40

20

0

0 20 40 60 80 MS
fimes

buckle back (buckle tighteners) and thus
simultaneously tighten the shoulder and
lap belts. The restraining effect and the
protection afforded against occupants
sliding forward beneath the lap belt ("sub-
manning effect") are improved still further
by buckle tighteners. The tightening pro-
cess in these two systems takes place in
the same period of time as for shoulder-
belt tighteners.

Mechanical belt tighteners are also avail-
able in addition to the pyrotechrically trig-
gered versions. In the case of a mechani-
cal tightener, a mechanical o electrical
sensor releases a pretensioned spring,
which pulls the belt buckle bac\. The sole
advantage of these systems is that they
are cheaper.

Further developments
The tightening performance o pyrotech-
nical seat-belt tighteners is continually be-
ing improved: "high-performance tighten-
ers"are ableto pull back an extended belt
approx 18cm in length in roughly 5ms.

Shoulder-belt ightener
I Ignition cable,
2 Fiing element,
3 Propellant charge,
4 Piston,
5 Cylinder
6 Metal cable,
7 Beit ree/
a Belt strap.

567 8

1 2 4t

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1345



Safety systems 805

Front airbag

Function
The function of front airbags is to protect
the driver and the front passenger against
head and chest injuries in a vehicle im-
pact with a solid obstacle at speeds of up
to 60 km/h. In a frontal impact between
two vehicles, the front airbags afford pro-
tection at relative speeds of up to
100 km/h. A belt tightener alone cannot
prevent the head from hitting the steering
wheel in response to severe impact. In or-
der to fulfill this function, depending on
the installation location, vehicle type and
structure-deformation response, airbags
have different filling capacities and pres-
sure build-up sequences adapted to the
specific vehicle conditions.

In a few vehicle types, front airbags also
operate in conjunction with "inflatable
knee pads", which safeguard the "ride
down benefit", i.e. the speed decrease of
the occupants together with the speed de-
crease of the passenger cell. This en-
sures the rotational forward motion of the
upper body and head which is actually
needed for optimal airbag protection, and
is of particular benefit in countries where
seat-belt usage is not mandatory.

Operating concept
To protect driver and front passenger, py-
rotechnical gas inflators inflate the driver
and passenger airbags in pyrotechnical,
highly dynamic fashion after a vehicle im-
pact detected by sensors. In order for the
affected occupant to enjoy maximum pro-
tection, the airbag must be fully inflated
before the occupant comes into contact
with it. The airbag then responds to up-
per-body contact with partial deflation in a
response pattern calculated to combine
"gentle" impact-energy absorption with
non-critical (in terms of injury) surface
pressures and decelerative forces for the
occupant. This concept significantly re-
duces or even prevents head and chest
injuries.

The maximum permissible forward dis-
placement before the driver's airbag is
fully inflated is approx. 12.5cm, corre-
sponding to a period of approx. Oims +
30 ms = 40 ms after the initial impact (at
501km/h with a solid obstacle) (see Fig.

'Deceleration to standstill") It needs
10 ms for electronic firing to take place
and 30ms for the airbag to inflate

In a 50 km/h crash, the airbag takes ap-
prox. 40 ms to inflate fully and a further
80...100ms to deflate througi the defia-
tion holes. The entire process thus takes
little more than a tenth of a second, i.e.
the batting of an eyelid.

Impact detection
Optimal occupant protection against the
effects of frontal, offset, oblique or pole
impact is obtained through the precisely
coordinated interplay of electrically fired
pyrotechnical front airbags aid seat-belt
tighteners. To maximize the effect of both
protective devices, they are activated with
optimized time response by a common
ECU (triggering unit) installed in the pas-
senger cell. The ECU's deceleration cal-
culations are based on data from one or
two electronic acceleration sensors used
to monitor the decelerative forces that ac-
company an impact. The impact must
also be analyzed. A hammer blow in the
workshop, gentle pushing, driving over a
curbstone or a pothole should not trigger
the airbag. With this end in mnd, the sen-
sor signals are processed in digital analy-
sis algorithms whose sensitivity parame-
ters have been optimized wilh the aid of
crash-data simulations. Depeiding on the
impact type, the first trigger threshold is
reached within 5.60ms. The accelera-
tion characteristics, which are influenced
for instance by the vehicle equipment and
the body's deformation perfo'mance, are
different for each vehicle. They determine
the setting parameters which are of cru-
cial importance for the sensitivity in the
analysis algorithm (computing process)
and, in the end, for airbag arid belt-tight-
ener firing. Depending on the vehicle-
manufacturer's production concept. the
trigger parameters and the extent of vehi-
cle equipment can also be programmed
into the ECU at the end of the assembly
line ("end-of-line programmiig" or "EoL
programming").

In order to prevent injuries caused by
airbags or fatalities toout-of-position" oc-
cupants or to small children in Reboard
child seats, it is essential that the front
airbags are triggered and inflated in ac-
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806 Safety systems

cordance with the particular situations,
The following improvement measures are
available for this purpose:
1. Deactivation switches. These switches
can be used to deactivate the driver or
passenger airbag. The airbag function
states are indicated by special lamps.
2. In the USA, where there have been ap-
prox. 130 fatalities caused by airbags, at-
tempts are being made to reduce aggres-
sive inflation by introducing "denowered
arbags". These are airbags whose gas-
inflator power has been reduced by
20...30%, which itself reduces the infla-
tion speed, the inflation severity and the
risk of injury to "out-of-position" occu-
pants. "Depowered airbags" can thus be
depressed more easily by large and heavy
occupants, i.e. they have a reduced en-
ergy-absorption capacity. It is therefore
essential - above all with regard to the
possibility of severe frontal impacts - for
the occupants to fasten their seat belts.
3.'lntgllgent airbag systems". The intro-
duction of improved sensing functions
and control options for the airbag inflation
process, with the accompanying improve-
ment of the protective effect, is intended
to result in a step-by-step reduction in the
risk of injury. Such improvements of func-
tion are:
-Impact-severity detection through im-

provement of the triggering algorithm or
through the use of one or two upfront
sensors installed in the vehicle's crum-
ple zone (e.g. on the radiator cross-
member). These are acceleration sen-
sors which facilitate early detection of
impacts that are difficult to sense cen-
trally, e.g. ODB (Offset Deformable Bar-
rier crashes, offset against soft crash
barriers), pole or underride impacts, It
is also possible to detect the impact en-
ergy with these sensors:

- Selt-belt usage detection.
-Occupant presence, position and

weight detection.
- Seat-position and backrest-inclination

detection.
-Introduction of up to ten and more dif-

ferent triggering thresholds (seat-belt
tightener
stage 1 and stage 2 driver's airbag
stage 1, unbelted; driver's airbag
stage 2, unbelted driver's airbag

'Dynamic"inflation of a drivers airbag

0 ms

10 Ms

20 ms

30 ms

.
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Safety systems 807

stage 1, belted; driver's airbag
stage 2, belted; passenger airbag
stage 1, unbelled; passenger airbag
stage 2, unbelted; passenger airbag
stage 1, belted; passenger airbag
stage 2, belted; rear-end impact stage
1 and stage 2).

- Use of airbags with two-stage gas infla-
tors or with a single-stage gas inflator
and pyrotechnically activated gas-dis-
charge valve.

- Use of seat-belt tighteners with occu-
pant-weight-dependent belt-force limi-
tation.

- Including the occupant protection sys-
tem in a CAN bus network for the com-
munication of data (diagnostic informa-
tion, warning-lamp activation etc.), and
for the synergetic use of sensor data
from other systems (driving-speed,
brake-actuation, buckle-switch and
door-contact information).

The "crash output" is used for emer-
gency calls following a crash and to acti-
vate "secondary safety systems" (hazard-
warning system, opening of central lock-
ing system, shutdown of fuel pump etc.)
(see Fig. "Combined control unit").

Side-impact protection systems
1 Combined ECU,
2 Acceleration sensors (PAS),
3 Gas inflators,
4 Side airbags.

Side airbag

Function
Side impacts make up approx. 20% of all
accidents This makes the side collision
the second most common tye of impact
after the frontal impact. An increasing
number of vehicles are therefore being lit-
ted with side airbags in addition to seat-
belt tighteners and front a rbags. Side
airbags, which in order to protect the head
and upper body inflate across the length
of the roof lining (e.g. inflalable tubular
systems, window bags, iniatable cur-
tains) and from the door or tie seat back-
rest (thorax bags), are designed to cush-
ion the occupants gently and thus protect
them against injury in the event of a side
impact (see Fig.).

Operating concept
Due to the lack of a crumple zone, and the
minimum distance between the occupants
and the vehicle's side struc:ural compo-
nents, it is particularly difficult for side
airbags to inflate in time. In the case of se-
vere impacts, therefore, the time needed
for impact detection and activation of the
side airbags must be approx. 3...5ms and
the time needed to inflate the approx. 121
thorax bags must not exceed 10ms.

Bosch offers the following option for
satisfying the above requirements: an in-

3>
3,
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808 Safety systems

strument-cluster ECU which processes
the input signals of peripheral (mounted
at suitable points on the body), side-sens-
ing acceleration sensors, and which can
trigger side airbags as well as the belt
tighteners and the front airbags.

Components

Acceleration sensors
Acceleration sensors for impact detection
are integrated directly in the ECU (belt
tightener, front airbag) and mounted at
selected points on the left and right body
sides (side airbag) or in the vehicle's front-
end deformation area (upfront sensors for
"intelligent airbag systems"). The prec-
sion of these sensors is crucial in saving
lives. They are generally surface-micro-
mechanical sensors consisting of fixed
and moving finger structures and spring
pins. A special process is used to incor-
porate the "spring/mass system" on the
surface of a silicon wafer. Since the sen-
sors only have low working capacitance
( 1 pF), it is necessary to accommodate
the evaluation electronics in the same
housing so as to avoid stray-capacitance
and other forms of interference.

Combined ECUs for belt tighteners and
front/side airbacs
The central ECU, also called 'he trigger-
ing unit, incorporates the follcwing func-
tions (current status):
- Impact detection by accele'ation sen-

sor and safety switch, or by two accel-
eration sensors with no safety switch
(redundant, fully electronic sensing).

- Prompt activation of front airbags and
belt tighteners in response to different
types of impact in the vehicle longitudi-
nal direction (e.g. frontal, oblique, off-
set, pole, rear-end). Here tha accelera-
tion is recorded at a central point in the
passenger compartment and evaluated
by the triggering algorithm.

- For the side airbags, the ECU operates
in conjunction with a central lateral sen-
sor and two or four peripheral accelera-
tion sensors. These are attached to the
seat cross-members, to the 3-pillars, or
to the 8- and C-pillars. The peripheral
acceleration sensors (PAS) transmit the
triggering command to the central ECU
via a digital interface. The central ECU
triggers the side airbags provided the
internal lateral sensor has confirmed a
side impact by means of a plausibility
check.

Combined ECU for belt tighteners and front/side airbags

Centra ECU

Vehicle
osaitive '9r 0-

4SgnalI Fe-

t9inalpie.
+p,'cessiig

Peripheral Line ar and
acceleration ,Iaia ral accele-
sensors, iah ration ,sensor

and right

Vehicle
ground

Micro-
controller

with ADC
and

EEPROM

4 Driver *?' Side airtagas),
siages left

Side airbag(s),

+diag- right
nostics *b Crash output

F;Diagnos:c interface

XZCrash Oulput
Driver
stages

+diag-
nosics

4-p1" ---- Front airoag,
4 -4jo--n aft

a Font airoag,
right
Seat-bell tighier

- right tnr

F-a-belt fighter-er,
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- Votage transformer and energy accu-
mulator in case the supply of power
from the vehicle battery should fail.

- Selective triggering of belt tighteners
according to monitored belt-buckle sta-
tus: firing takes place only when buckle
isengaged.

- Setting of upto more than ten triggering
thresholds for two-stage belt tighteners
and two-stage front airbags depending
on the status of belt use and seat occu-
pation.

- Adaptation to the different vehicle fea-
tures (energy absorption and vibra-
tional behavior of the vehicle structure).

- Diagnosis of internal and external func-
tions and of system components.

- Storage of fault types and durations
with crash recorder, readout via the di-
agnostic or CAN-bus interface.

- Warning-lamp activation.

Gas inflators
The pyrotechnical propellant charges of
the gas inflators for generating the airbag
inflation gas (mainly nitrogen) and for ac-
tuating belt tighteners are activated by an
electrically operated firing element.

The gas inflator in question inflates the
airbag with nitrogen. The driver's airbag
integrated in the steering-wheel hub (vol-
ume 35 .671) or the passenger airbag in-
stalled in the glovebox (70...1501) is in-
flatedapprox.30msafterfiring.

AC firing
In order to prevent inadvertent triggering
through contact between the firing ele-
ment and the system voltage (e.g. faulty
insulation in the wiring harness), AC firing
involves firing by alternating-current
pulses at approx. 80 kHz. A capacitor in
the firing-element plug incorporated in the
firing circuit isolates the firing element
from the DC current. This isolation from
the system voltage prevents unintentional
triggering, even following an accident
where the airbag remains untriggered and
the occupants have to be freed from the
deformed passenger cell by emergency
services, whereby it may be necessary to
cut through the (permanent +) ignition ca-
bles in the steering-column wiring har-
ness,

Rollover protection systems

Function
In the event of an accident where the ve-
hicle rolls over, open-top vehiles such as
convertibles, off-road vehicles etc. lack
the protecting and supporting roof struc-
ture of closed-top vehicles.,Initially, there-
fore, rollover sensing and protection sys-
tems were only installed in convertibles
and roadsters without fixed rollover bars.

Today, engineers are developing roll-
over sensing for use in closed passenger
cars where there is the danger of non-
belted occupants being thrown through
side windows in the event of a crash and
crushed by their own vehicle. There is
also the danger that body parts of belted
occupants, such as arms, head and upper
body, can project out of the vehicle and be
seriously injured.

To protect against this darger, already
existing restraint systems such as belt
tighteners and head airbags are triggered
in any case, and in convertibles, the ex-
tendable rollover bars or the extendable
head restraints, are triggered.

Operating concept
The earlier sensing concept; (from mid-
1989) started out with an orrnidirectional
sensing function, i.e. the intention was to
detect rollovers in all directions. For this
purpose, manufacturers used all-round-
sensing acceleration sensors and tilt sen-
sors (AND-wired) with rear-axle switches
or level-gauge (spirit-level p'inciple) and
gravitation sensors (sensor closes a reed
contact with spring support when contact
with the ground is lost).

Today's sensing concepts no longer
trigger the system at a fixed threshold but
rather at one that conforms to a situation
and only forthe most commoi rollover sit-
uations, i.e. overturning about the longitu-
dinal axis.

The Bosch sensing concept involves a
surface-micromechanical yaw sensor
(see Fig.) and high-resolution accelera-
tion sensors in the vehicle traisversal and
vertical directions (y- and z-axes)

The yaw sensor is the primary sensor
the y- and z-acceleration sensors serve
primarily to check the plausibility of identi-

809
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tied rollover situations. These sensors are
incorporated in the airbag triggering unit.

Depending on the rollover situation
(rollover on an embankment or slope, or
due to an obstacle underneath the vehi-
cle), and on the yaw rate and lateral ac-
celeration, the occupant protection de-
vices are adapted to the situation. In other
words, using automatic selection and ap-
plication of the algorithm module appro-
priate to the type of rollover, triggering
takes place after 30...3000 ms.

Passenger-compartment sensing
Occupant-classification mats, which mea-
sure the pressure profile on the seat, are
used to identify whether the seat is being
occupied by a person or by an object. In
addition, the pressure distribution and the
pelvic-bone spacing are used to indicate
the occupant's size and thus indirectly the
occupant's weight. The mats consist of
individually addressable force-sensing
points which reduce their resistance ac-
cording to the FSR principle (Force Sens-
ing Resistor) as the pressure increases.

An absolute-weight measurement is
also carried out with two to four piezo-
resistive sensors or wire strain gauges on
the seat frame.

Active infrared or ultrasonic sensor ar-
rays are used for "out-of-position" detec-
tion with triangulation.

There is as yet no unified standard for
interior-compartment sensing. For this
reason, occupant classification mats are
sometimes also combined with ultrasonic
sensors.

Operating principle of the yaw sensor
I Detection capacitance, 2 Drive capacitance 3 Detedion capacitance, 4 Sensing axis
Fe Conoijs force
u Drive speed
Yav rate.

42

4 J
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Outlook

As well as front-airbag switchoff using de-
activation switches, in the near future
child seats with standardized anchorage,
so-called ISOFIX child seats, will come
onto the market Switches integrated in
the anchoring locks initiate an automatic
passenger-airbag switchoff, which must
be indicated by a special lamp.

For further improvement of the trigger-
ing function and better advance detection
of the type of impact ("precrash" detec-
tion), relative speed, distance, and impact
angle in a frontal impact, will be detected
with microwave radar sensors.

In connection with precrash sensing,
reversible seat-belt pretensioners are be-
ing developed. They are electromechani-
cally actuated, i.e. they take longer to
tighten, and must be triggered earlier, i.e.
before initial impact, by precrash sensing
alone.

A further improvement in the restrainng
effect will be provided by airbags inte-
grated in the thorax section of the seat
belt ("air belts" or "inflatable tubular torso
restraints"); these airbags will reduce the
risk of broken ribs in older occupants.

The same path for improving protective
functions is being pursued by engineers
developing "inflatable headrests" (to pre-
vent whiplash trauma and cervical-verte-
bra injuries), "inflatable carpets" (preven-
tion of toot and ankle injuries) and two-
stage belt tighteners.

In order to reduce wiring-harness thick-
ness and complexity, the firing-circuit net-
work is being developed to include an ac-
tuator bus or Firing bus. In this respect,
Bosch and Temic are jointly developing
"BOTE-ACT", the Bosch-Temic actuator-
bus concept. This is a "daisy-chain" prin-
ciple which e.g. in the event of a short cir-
cuit between the two bus lines enables
the line section in question to be com-
pletely disconnected and all the bus users
to function fully thanks to the bus-ring
structure. Signals from slow sensors or
switches, e.g. the belt-buckle or ISOFIX
switches, can also be transmitted with the
BOTE-ACT bus.

Efforts are currently being made in the
USA to standardize a Firing-bus concept
from a range of products from five differ-

ent manufacturers. Standardization is im-
perative in order to ensure market pene-
tration and because of the potential us-
ability of standardized firing elements with
standardized bus-user electronics. Efforts
are underway to integrate the receiver
electronics in the firing elements, without
increasing diameter and while maintain-
ing a maximum cap extension of 5mm,
This would increase the usability of stan-
dard gas inflators,

The most promising and economical
development is the use of "semiconduc-
tor-based bridgewires" (SCBs), i.e. firing
resistors incorporated in silicon which are
monolithically integrated with the bus-
user electronics on a single clip.

In addition to the Firing bus, a "sensor
bus" will be introduced - in the longer
term - for networking the signals of fast
sensors.

Engineers are also developing CMOS-
type stereo video cameras for passenger-
compartment sensing. This technology
will provide an adequate amount of infor-
mation for ensuring reliable monitoring of
the passenger compartment possibly in
conjunction with an additional "auxiliary
sensor", the type of which is not yet cer-
tain. A video camera also provides for the
implementation of numerous comfort
functions (this is a question of computer
capacity) and thus the required allocation
of costs to the various systems.

Because pedestrian protection might
possibly be required by law in a few years,
work is also being conducted on pedes-
trian detection and protection devices.
Tests are being carried out on a variety of
sensing concepts, e.g. foil pressure sen-
sors on the bumpers. Bumper airbags and
liftable engine hoods which will cushion
the impact of a pedestrian ara being con-
sidered as protective measures.
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Comfort and
convenience systems

Power windows
Power windows have mechanisms that
are driven by electric motors. There are
two types of system in use. The available
installation space assumes a prominent
place among the criteria applied in deter-
mining which system to install.

Regulator mechanism (now declining in
popularity):
An electric-motor driven spur pinion trans-
mits the force to a conventional window
regulator

Cable-operated mechanism:
The electric motor transfers the force
through a Bowden cable.

Power-window motors
Space limitations inside the door make
narrow drive-units imperative (flat mo-
tors). The reduction gearing is a self-lock-
ing worm-gear design. This prevents the
window opening inadvertently of its own
accord or being opened by force. Dam-
pers integrated in the gearing mechanism
provide for good damping characteristics
at the limits of movement.

Power-window control
Window operation is controlled manually
by means of a rocker switch. For greater
convenience, power windows can be
linked to a central or decentralized closing
system which, when the vehicle is locked,
closes the windows automatically or sets
them to a predefined partially-open posi-
tion for ventilation purposes.

During closing, a force-limitation device
(anti-squeeze or finger protection) is in
operation. The device serves to prevent
human appendages from being caught by
the closing window. In Germany, para-
graph 30 of the SVZO Road Licensing
Regulations stipulates that this protection
mechanism remain effective while the
window moves upward through a 200...
4 mrnm travel range (as measured from the
upper edge of the window opening).

Power-window drives
a) System I with regulator,
b) System2withflexible6owdoncable
1 Electric gear motor, 2 Guide ra,

3 Control rod, 4 Litt mechanism,
5 Flexible drive cable.

a

' -f7

-

"-Si
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1 -
1 4 2

b

1 5 2 3

Power- windo w motor with in tegra ted
electronics(forcelimiter)

- . 4
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The window drive units include integral
Hall sensors to monitor motor speed dur-
ing operation. If a reduction in speed is
detected, the motor's direction of rotation
is immediately reversed. The window
closing force must not exceed 100N at a
spring rate of 10 N/mm. The unit automat-
ically overrides the anti-squeeze protec-
tion immediately before the window en-
ters the door seal, allowing the motor to
run to its end position and permitting com-
plete closure of the window. At the same
time, the final window position is signalled
back to the control unit.

Electronic control may be concentrated
in a central control unit, or the control ele-
ments may be dispersed among the indi-
vidual window motors in order to reduce
the complexity of the wiring. Those posi-
tioners allow multiple use of the wiring
(multiplex systems).

Power sunroof
Power sunroofs can combine lifting and
tilting-sunrooffunctions. This requires the
use of special control systems that may
be electronic or electromechanical in de-
sign. With electromechanical control (see
illustration), mechanical interlocks on the
limit switches a) and b) ensure that the
roof can be either slid or tilted open from
the closed position, depending on the po-
larity applied at Terminals I and II. Once
the sunroof has been tilted or opened, a
polarity shift will initiate the corresponding
lowering or closing process. An electronic
control unit featuring integral force limita-
tion provides benefits if the sunroof is in-
corporated in a central-locking system.
The electronic control system includes a
microcomputer responsible for evaluating
incoming signals and monitoring sunroof
position. The closed and maximum-open-
ing positions for the sliding action of the
sunroof are monitored with the aid of mi-
croswitches or Hall-effect sensors. Sup-
plementary functions such as
- preset position control,
- closing via rain sensor,
- motor-speed control, and
- electronic motor protection
can all be included in the package at rela-
tively modest expense.

Power-windowcontrolunit feturing
electronic force limitation
IMicrocomputer,2Relayoutpu'stage,

Position commands, 4 Multilex bus,
5 Halltsensors.

3-2

4--- 1 2
U5

Sunroof drive unit with electromechanical
control ofopening, closing and tilt
functions

b a

2
21

Drive for the roof is provided by Bowden
cables or other torsion- and pressure-re-
sistant control cables. The drive motor is
usually installed in the roof or at the rear
of the vehicle (e.g., in the trunk). Perma-
nently energized worm-drive motors with
outputs of approx. 30 W are ised to drive
the sunroof mechanism. They are pro-
tected against thermal overlcad by a ther-
mostatic switch (declining in popularity) or
(most frequently) by a software thermo-
switch

Provision must also be made for ensur-
ing that the roof can be closed using the
on-board tools (e.g. wheel-nut wrench or
similar) in the event of a failure in the elec-
trical system.
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Seat and steering-column
adjustment
Electric power seats are still essentially
restricted to passenger cars of the me-
dium and higher price classes. The pri-
mary function of these systems is to en-
hance comfort, but multiple adjustment
options combine with space restrictions
and possibly difficult control access to
limit the practicality of manually-operated
mechanisms. Up to seven motors control
the following functions:
- seat-cushion height, front/rear,

- longitudinal travel,
- seat-cushion tilt angle,
- backrest tilt adjustment,
- lumbar support, height/curvature,
- shoulder-support tilt angle,
- head-restraint height adjustment.

A common seat-adjustment system in-
cludes four motors driving two gearsets.
One of the gearsets governs height ad-
justment, while the other is designed for
combined longitudinal and height adjust-
ment. The unit for adjusting the seat
height is not included on simpler seat de-
signs. Yet another concept features three
identical gear motors with four height and
two linear-adjustment gearsets. The gear
motors drive the gearsets via flexible

shafts. This is a highly universal system
and can be installed on any sea! design.
Modern seats (especially for sporting ve-
hicles) do not merely affix the lap belt to
the seat frame, they also attach the shoul-
der strap - together with its height ad-
juster, inertia reel and tensioner mecha-
nism - to the backrest. This type of seat
design ensures optimal belt positioning for
a wide range of different-sized passengers
at all available seat positions, and thus
makes an important contributior to occu-
pant safety The seat frame must be rein-
forced for this type of design, while both
the gearset components and their connec-
tions to the frame must be strengthened.

The optional programmable electric
seat adjuster ("memory seat") can recall
several previously selected seat posi-
tions. Potentiometers or Hall-elfect sen-
sors are employed to signal the current
seat position. On two-door vehicles a fea-
ture designed to slide the front seat to its
extreme forward position can be incorpo-
rated to ease ingress for rear passengers.

Electrically-adjustable steering columns
are also seeing increased use Es yet an-
other means of enhancing drive comfort,
The adjustment mechanism, consisting of
a single electric motor and self-arresting
gearset for each adjustment plane, forms
an integral part of the steerin column.

Electromechanical seat-adjustment system (source: Brose Vehicle Components)
I Electric motors,
2 Longitudinaheight-

adjustment gearset,
3 Height-adjustment

gearset, c
4 Gearset for seat-

cushion tilt control - 4 1

c>
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The gearset for telescopic adjustment
must be capable of absorbing any and all
impact forces (crash forces) which might
be applied to the steering column. The
adjustment can be triggered in either of
two ways, using the manual position
switch or with the programmable seat ad-
justment. Also available is a provision for
tilting the column upward to facilitate dri-
ver entry and egress.

Central locking system
Either pneumatic or electric actuators can
be used to power central locking systems
for vehicle doors, luggage compartments
and fuel-filler flaps-

In pneumatic systems, an electric mo-
tor drives the reversible dual-pressure
pump which provides the required system
pressure (positive or vacuum). The sys-
tem can be switched on and off by a cen-
tral position switch inside the vehicle and
by the ignition switch. As an optional fea-
ture, the system can be operated from a
number of points (driver door, front-seat
passenger door, and trunk lid).
More widespread than the pneumatic sys-
tems are those which depend on electric
motors for central locking. Although vari-
ous technologies are used, according to
function range and lock type, the basic
principle remains constant: a small elec-
tric motor featuring a reduction-gear drive
unit powers the actuating lever responsi-

Central locking with electric motor
I Central switch, 2 Contacts in door-lock
mechanisms, 3 Contratunit, 4 Servomotors,

t T

2- 1 2 _

ble for opening and closing the lock. Pro-
vision must be made to ensure that the
door can always be unlocked with the key
and the interior handle in the event of a
power failure. Central locking systems in-
corporating special theft-deterrence fea-
tures must be designed to preclude deac-
tivation of the security system using any
means other than the vehicle key.

Ultrasonic or infrared reriote control
provide increased convenience. Such
systems permit remote operation of the
central locking system when the driver is
still some distance away from the vehicle.

815

Central locking servo unit
I Wiring connection, 2 Flexible end-position coupling, 3 Gear unit, 4 Electric motor,

5 Actuating lever,
h Travel range.

If1
4 r

2 -5_I

0 Oc 0

J

h
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816 Automotive hydraulics

Automotive hydraulics

Quantities and units')

Symbols Units

Area of flow cross section
Cross-sect, area of restriction
Piston area
Cross-sectional area of line
Gap width
Line diameter
Modulus of elasticity, fluid
Bulk modulus, oj
Eccentricity offset
Force
Gravitational acceleration
Cylinder stroke length
Gap height
Gap length, line ength
Outp.t length
Inputtoru t
Outpu t torque
Th eoretical i iputo r
output torque
Torque loss
Rotational speed
Input power
Output power
Cylinder pressure
Pressure difference
Delivery rate of hydraulic
pump, or intake rate of
hydraulic motor or
hydraulic cylinder
Delivery rate
Intake rate
Leakage rate
Theoretical delivery or
intake rate
Reynolds number
Line radius
Stroke time of hydraulic cyl.
Perimeter of flow
cross section
Fluid volume
Displacement of hydrauic cyl
Output volume
Theoretical delivery displace-
mont lintake displacement
Line flow rate
Stroke rate
Flow coefficient of restrictors,
orifices etc.
Dynaric viscosity
Hydromechanical efficiency
Volumetric efficiency
Coefficen Of flow resistance
Kinematic viscosity
Density
Angular velocity

cm,

cm'
cm2

mrn
mm, cm
N mm 2

N mm-
mm
N
m - s 2
cm. mm
pm, mm
mm, m
cm
N m
N m
N rn

N m
win'
kW
kW
bar
bar
I . min-1

I min-
1. min
f - min-,

1, m 'in

mm
sI
cm

cm3

cm2

cm3
cm 3

M - S-
S- 1

Ns - m

- sI

Nm2 '

kg dm-3
s

Calculation Of coefficient of flow
resistance I

64 for laminar flow and
Re isothermal change of state
75 for laminar flow and
Re adiabatic changeof state

0-316 for turbulent flow up to
ReU23 Re = 80,000 and smooth lines

Re = D - , where N = A/U

Terms and formulas
(quantity equations)

Hydraulic pump
Delivery rate

= r l -n -a vol
Output power

Pa, = Q Ap
Input torque

2 71 1hM
Input power

Pan = M W
Volumetric efficiency

Qth Qth t

Hydromechanical efficiency
Mth _ + i
Mi lt M erf

Hydraulic motor
Intake rate

Q2 = V ' niivol
Output power

Po =!12 40
Output torque

2 r:
Volumetric efficiency

'lvoi= - = ?rn
Q2 QU. -

Hydromechanical efficiency
= - A1- - fV1sai

Mthi lMr

Hydraulic cylinder
Cylinder pressure p, = F/fAK Pt
Swept volume VH = AK - H
Stroke time t = V/Q
Stroke rate v, = Q1/A
') These are commonly used unis, no S-units.

'A

AD
AK

A
hr

d

E.

Mvi

Pl,n

fan

p
All

2
(22L
L~L

it"'5
11,,i
2~

V
1)

(0
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Automotive hydraulics 817

Flow rates in lines and gaps
Required line cross section

AR= Q1 u
Pressure loss in straight lines

A/= . -I o _L .-
:d 2

Flow through a pipe
(according to Hagen-Poiseuille)

, -
= 8TI Ap 1

Flow (laminar) through a smooth gap
b - h13

= 12 r1 / An
Flow (laminar) through an eccentric
sealing gap

Q = 11 +15 6p12 - L Ar
(2 - Ar = clearance between piston and
bore)
Flow through restrictors and orifices

Q)= ,o Au V 2 A p/0

(an at control slide valves: 0.6 to 0.8)

Compressibility of a hydraulic fluid
A VF = AK "A I= V,,A p/F

where the initial volume is

and the bulk modulus for oil is
L0=.6i-10' N m 2

Gear pumps

Gear pumps are designed either with
one external-toothed and one internal-
toothed gear or with two external-toothed
gears External-toothed pumps are
cheaper to manufacture and are therefore
in much more common use. The dis-
placement per revolution is constant, and
is determined by the gear diameter, the
center-to-center distance and the width of
the teeth. The rotating (meshed) gears
transport the hydraulic fluid in the spaces
between the teeth from the low-pressure
to the high-pressure side, and the teeth
immersed in the fluid force it into the de-
livery line. There is almost no clearance
between the housing and the tips of the
teeth; thus the pump exhibits good radial
sealing properties. The pump chamber is

axially sealed by plates or bushings which
are hydraulically pressed against the
gears. These plates or bushings also act
as bearings for the gears. This design
achieves the high efficiency claracteristic
of high-pressure pumps. Drive speeds of
up to 4000 min 1. maximum pressures of
up to approx. 300 bar and high power
densities (6 kW/kg) make gear pumps
particularly well suited for use in automo-
tive hydraulic systems. The saan of deliv-
ery rates required, which ranges from
0.5...300 /min, is covered by a range of 4
to 5 pump sizes.

Gear pumps and motors (Direction of
fluid flow and gear rotation shown for pump
operation)

(0

0 (0

High-pressure gear pump
Volumetric efficiency .and ove a efficiency
raccording to delivery rate aLh = 210bar

100 - ---

90--

o

70

6 0 1.........
a 10 20 30 ilmn

Delivcry rato
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818 Automotive hydraulics

Gear motors

Like gear pumps, the simplest gear mo-
tors are designed to operate in only one
direction of rotation. In gear motors, oil
flows from the high-pressure to the low-
pressure side, and the gears rotate in a di-
rection opposite to the direction in which
they would rotate if the device were a
pump. Motors suitable for use as vehicle
drives, i.e. motors which can be operated
in both directions of rotation and which
can be loaded in the reverse direction,
have also been derived from gear pumps
through appropriate design of the axial
pressure field and the leakage fluid pas-
sages. The advantages of external
toothed pumps such as high power den-
sitysmallinstallation-spacerequirements
and low manufacturing costs also apply to
gear motors. They are therefore chosen
for road vehicles, construction equipment
and agricultural machinery for driving
cooling and cleaning fans, screw convey-
ors, sweepers, spreading plates, vibra-
tors, etc. The excellent starting behavior
of gear motors is utilized in driving pumps
and compressors, as well as in motive dri-
ves.

Piston pumps and motors

The drive mechanism of hydraulic piston
pumps and motors differs significantly
from the classical piston-machine design.

Axial-piston machine
(swash-plate unit)
1 Drive shaft, 2 Swash plate, 3 Cylinder
barrel {rotates), 4 Retaining plate, 5 Slippers,
6 Piston, 7 Control plate

Ad ustment- ne

4 5 b 7 5 6 P -7 8

The high pressure level (stardard pres-
sure for hydrostatic drives 350...400 bar)
results in high piston forces which neces-
sitate sturdy and rigid mechanical drive
systems. The drive mechanisms of mod-
ern machines are nevertheless highly
compact, particularly due to the hydrosta-
tic transmission of force between the two
primary reciprocating components. The
good lubricating and cooling qualities of
the hydraulic fluid promote such space-
saving designs. Hydraulic piston ma-
chines are thus able to achieve a maxi-
mum power density of more than 5 kW/kg.

In order to achieve a uniforr volumetric
flow rate, hydraulic piston machines are
designed with an odd number of piston el-
ements. Adifferentiation is made between
radial- and axial-piston machines, de-
pending upon the configuraiion of the
drive mechanism. Both types are avail-
able as either pumps or motors with con-
stant or variable displacement, suitable
for use in open and closed circuits. Since
the phase control of hydraulic machines
did not prove itself in practice, continuous
control is only possible by varying the pis-
ton stroke. Rotating, stroke-generating
mechanisms, such as eccentric shaft or
crankshaft (radial), and swashplate (ax-
ial). are unsuitable for stroke adjustment
and are only used in some fixed-capacity
machines. All variable-displacement units
and many constant-displacement units
use other drive mechanisms specific to
the hydraulic system. These types incor-

Radial-piston machine
1 Open- or closed-loop control deuice,
2 Slippers, 3 Control journal, 4 Stroke ring,
5 Control piston 1, 6 Piston, 7 Cyinder block
(rotates), 8 Control piston 2,

1 2 3 4
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porate a rotating cylinder assembly. To-
gether with a stationary control plate or
control journal, the cylinder assembly
forms a rotary slide valve which alter-
nately exhausts and fills the cylinders. Ax-
lal-ciston machines are designed as
swashplate units.

The centrally-ported machine has been
adopted as the standardrdLi n.
The cylinder block rotates on the control
journal. The bearing forces are supported
by hydrostatic pressure fields on the jour-
nal. Similar pressure fields transmit
the forces between the rotating piston
slippers and the stationary cam ring. The
ring's variable eccentric position relative
to the control journal generates the piston
stroke. In the case of pumps in which the
delivery direction can be reversed, the
stroke ring can be moved in both direc-
tions via its adjustment piston. All control
elements are located in the stator,
allowing rapid and precise adjustments in
flow volume using hydraulic or electronic
servo elements and controllers, The hy-
draulic adjustable piston unit can be inte-
grated within the electronic control circuit
using either proportional valves in the
control circuit or an electrohydraulic ad-
justment system

Electrohydraulic pumps
and small units
An electrohydraulic pump is a combina-
tion of a hydraulic pump and an electric
motor. A DC motor is used in most mobile
hydraulics applications, however AC and
three-phase motors are also used in sta-
tionary operation.

Gear pumps are characterized by a low
degree of pulsation and quiet operation.
As such, these hydraulic components
have proven their worth for generating
pressure in electrohydraulic pumps. Sizes
B and F with capacities of 1...22.5 cm3 per
revolution are used, and generate operat-
ing pressures of up to approx. 280 bar. To-
gether with size I to T electric motors
which generate a maximum nominal out-
put of 8 kW, they are used in a number of
different mobile-hydraulics applications.

Electrohydraulic pumps are used to
supply the hydraulic energy for the

Automotive hydraulics 819

'raising/lifting" and "steering" functions in
all kinds of vehicles, in particular in indus-
trial trucks (fork-lift trucks and pallet
trucks); mobile lifting platforms; trucks;
special construction, transport and res-
cue vehicles; and passenger cars. In pas-
senger cars, electrohydraulic pumps, in-
cluding increasing numbers of miniatur-
ized versions, are being applied in
functions such as ride-level control, and
power-assists for steering and parking,
Safety-related braking and acceleration
control represent a special area of appli-
cation. A hydraulic unit is at the heart of
the ABS and ASR systems, and gener-
ates the oil pressure needed Nhen these
come into operation.

In addition to electrohydraulic pumps,
various valves or valve assemblies must
be installed in motor vehicles in order to
implement a wide variety of control func-
tions. This has led to the development of
small, compact units with outputs of up to
4 kW. In these units, the electric motor
and hydraulic pump are supplemented by
a valve block, a hydraulic-fluid tank, and
fluid and air filters. The des gn concept
accommodates individual modifications
for specific control functions. Sleeve and
seat valves can be combined in a com-
pact control block or at unions in the sys-
tem. Small and miniaturized units are
used in those applications where high
power is required despite limited space
being available. Examples include munic-
ipal vehicles (street sweepers, rotary
snow plows, utility tractors, industrial
trucks, special-purpose veticles, and
passenger-transport vehicle3 with lifts
and pivoting equipment for carrying hand-
icapped persons).

Novel applications are found in passen-
ger-vehicle functions. The most advanced
convertibles utilize hydraulic mechanisms
to operate the folding top; these devices
fold the top, stow it in a speciied manner,
and lock it into place.
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820 Automotive hydraulics

Valves

Directional-control valves

OC valves (open-center)
When the valve unit is in the neutral posi-
tion, the flow from the pump is directed
through up to 10 valves (neutral circula-
tion pattern). The fluid flow is restricted
when a valve is actuated prior to the
opening of the line to the servo unit.
Disadvantages:
- High pressure loss = Energy loss in

neutral position,
- Control precision affected by load pres-

sure.

LS Valves oad-sensing
Used in systems with variable-capacity
pumps or constant-capacity pumps and

OC directional-control valve
I Neutral flow.

20

P

LS directional-control valve
7 Measuring diaphragm, 2 Pressure com-

pensator 3 Constant-displacement pump
4 ariable
pump 141

0

K /

2

auxiliary pressure compensator In the
neutral position, the LS cont'ol line re-
moves the pressure from the pump and
pressure compensator. Wher the valve
unit is actuated, the pump controller/pres-
sure regulator maintains the pressure dif-
ferential at the valve spool at a constant
level. The result: The flow of hydraulic
fluid to the servo unit is not affected by the
load pressure.
Advantages:
- Minimal neutral-position loss,
- Improved precision control indepen-

dent of load pressure.

Flow-control valves

Throttle valves
Throttle valves are used to adjust the fluid
flow rate by altering the cross-sectional
area of the flow. According to the laws of
rheological science, this tow-limiting
function is pressure-depencent: it is
therefore used only for simple flow adjust-
ment. Pressure-independent adjustment
requires the use of control valves.

Flow-pressure-compensated control
valves
In order to be able to set the fluid flow Q
independently of the load pressure p) at
2-way flow-control valves, the pressure
difference at the metering orifice (pi - p2)
is held constant by a variable restrictor
(pressure compensator). The pressure
difference p, - p2 correspords to the
spring force acting on the pressure com-
pensator. In this type of control, the sur-

Throttle valve

Vi - - I

Ap = 1 - 3sm

I1' - -

Adutmn

P3

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1361



Automotive hydraulics 821

plus fluid flows via the pressure-relief
valve in the system.

Losses can be reduced by using
3-way flow-control valves which have an
additional drain through which the surplus
fluid flows back to the tank or to other hy-
draulic devices.

Pressure-control valves

Pressure-relief valve
Hydraulic circuits incorporate a pressure-
relief valve in order to protect the compo-
nents as well as to ensure the operational
safety of the system. If the pressure act-
ing on the seat diameter exerts a force
equal to the force exerted by the precom-
pressed spring, the valve cone lifts off its
seat and the fluid flows to the tank- Pilot-
operated pressure-relief valves are used
for greater flow volumes and to achieve
valve characteristics which are indepen-
dent of the flow rate. The pilot valve re-
lieves the spring chamber of the main
valve which controls return flow to the
tank

provides for easy-to-use, safe and reliable
control systems which in some cases ex-
fend up to automatic movement se-
quences.

Direct solenoid actuation
In applications involving small to medium

3-way flow-control valve
1 Pressure compensator, 2 Measiing
diaphragm-

Residual flow

Supply 2

_ -_

x -
K

Constantfiew

Electric proportional directional-
control valves
Nowadays, agricultural and industrial ve-
hicles such as tractors and fork-lift trucks
increasingly use electrically operated di-
rectional-control valves. The reasons for
this are higher productivity, lower de-
mands on the driver and more economi-
cal installation costs as a result of the
greater scope in the choice of valve loca-
tion on the vehicle. Electronic circuitry

2-way flow-control valve
I Spring, 2 Measuring orifice, 3 Regulating
throttle (pressure compensator).

2

P1 13

3-

supT H n k

Su

jt7l 2

Directly controlled pressure-relef valve
I Valve seat, 2 Cushioningpsor.

A ustrnent

Limit of
appication

Pilot-operated pressure-relief valve
I Pilot valve, 2 Main valve.

Adistment
I.im-il of ap-

1 plication

2 Tank

Supply, P,

Q)

A Adisslri nt

ti
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822 Automotive hydraulics

hydraulic powers (e.g. positioning move-
ments on combine harvesters, tilting func-
tion on fork-lift trucks), the directional-
control-valve spool is displaced by a
solenoid against the action of a spring by
an amount proportional to the excitation
current. The application limit is deter-
mined by the available solenoid force,
e.g., 30 1/min, 200 bar. The short stroke of
the solenoid limits application of this prin-
ciple to 3-position valves.

Electrohydraulic actuation
The new "electrohydraulic positioner unit"
(EHSe) generates a high actuation force
for high-performance control such as is
required for the front lifter on agricultural
tractors or the jib on a truck loading lift. A
positioning piston which moves the valve
armature to the position specified by the
setpoint generator is used to amplify the
force. A position control loop compen-
sates for interference from flow forces
thereby providing low hysteresis. The 4/3
pilot-operated directional-control valve
with double solenoid is supplied with a
control pressure of approx. 20 bar. An in-
ductive travel sensor detects the spool
position for the purposes of position con-
trol. It also performs the same function for
diagnosis and safety purposes.

Electronic control circuitry
The electronic analyzer circuitry of the
travel sensor (ASIC) and the digital con-
trol electronics with serial CAN bus inter-
face are housed inside the psitioner unit
casing. The use of a microcontroller with
an EEPROM means that the valve char-
acteristics are programmable. The valve
and timing characteristics can be chosen
and modified according to application.
Static characteristics which define the re-
lationship between input signal and flow
volume (precision control), and time gra-
dients for defined acceleration and decel-
eration of hydraulic drive units are stored.

In addition to the primary control option
using the CAN bus, control by means of
analog or pulse-width-modulated (PWM)
voltage signal is also possible. In the
event of malfunctions on the part of the di-
rectional-control valve, e.g. sticking valve
armature, loss of control pressure, etc.,
depending on the seriousness of the fault
it is indicated (coded flashing signal, CAN
message) and/or the actuator unit is
switched off.

Cylinders

Cylinders convert hydraulic power (pres-
sure, oil flow) into rectilinear motion
(force, velocity). They are characterized

SB23LS directional-control valve with electrohydraulic positioning unit EHSe
I inductive travel sensor, 2 Digital electronics module, 3 Control input CAN, PWM or potentiome-
ter signal, 4 Diagnostics output fault signal 5 Diagnostics output visual indicator 6 Plot valve,
7Check valve, 8 Pressure compensator

4- 5 1 6 7
3-- LF
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Automotive hydraulics 823

ESHe electrohydraulic positioner unit for mobile automotive control valves
Programmable characteristics

100 - 100
% %!

Free Free
O foat C float

0 Setpoint value 100% 0 Setpo tvalue 100%

withou ramp

me0v -0

Programmable charac-
teristic-curve shape
- Linear (x) to progressive (x7)

Individual for each
direction

- For adjustment of
precision control
characteristics

Programmable charac-
teristic-curve gradient
- 0..100%
- Individual for each

direction
- For adjusting to specific

hydraulic motor/cylinder

Programmable timing
characteristics
- Timing gradients from 0.07,
- Individual for eact

direction
- For adjustment of

acceleration and
deceleration to suit
different loadparmeters

Cylinder
1 Sealing element, 2 Wiper 3 Pivoting head,
4 Piston, 5 Cylinder barrel, 6 Guide sleeve,
7Piston rod.

1 1 123

4 5 67

Design Remarks

Single-acting
-! E__7Dr ve possible in onlyF one direction,

Double-acting
Acts in two directions,
pressure acts on
different surface area
on piston and rod
sides.

Acts in two directions,
both surface areas
equal, continuous
piston rod-

by high power density and relatively sim-
pe design. Cylinder efficiency is deter-
mined by the seals, the operating pres-
sure and the piston surface quality. In ad-
dition to force and speed, resistance to
buckling is also an important design crite-
rion. It determines the dimensions and
the extension of the cylinder piston. Types
of cylinder mounting at the head and bot-
tom include holes, clevises, p voting bear-
ings and threads.

Tractor hydraulics

A hydraulic system transforms the tractor
into a universal mobile device for agricul-
tural and forestry applications. With the
aid of hydraulics, the wide variety of im-
plements used can be quickly mounted to
the tractor at the front, rear and between
the axles, and moved into their appropri-
ate operating positions by means of open-
or closed-loop controls. Quick-disconnect
hydraulic couplings are used to control
additional linear and rotary motors on the
implement itself. Operation of the tractor
is facilitated by means of hydraulic power-
assisted steering (see also the section on
steering systems), brake systems,
clutches and gear-shifting systems. Pres-
sure relief valves prevent the tractor from
being overloaded. Trailers pulled by the
tractor and matched to its trake system

As

Double-acting
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824 Automotive hydraulics

can be hydraulically braked.
High power density and flexibility ac-

count for the wide use of hydraulics in
tractors. The wide variety of applications
ranging from small vineyard tractors rated
at approximately 20 kW to large center-
pivot-steered tractors rated at roughly
300 kW, and including tool carriers, stan-
dard tractors, forestry tractors and con-
struction-work tractors, represent a num-
ber of different requirements in terms of
hydraulic power, hydraulic systems and
system operation.

Hydraulic systems for tractors
Tractor hydraulic systems generally have
three pressure circuits:
- the high-pressure or work circuit with

pressures of up to 250 bar and flow
rates of up to 120Umin for steering,
trailer brake, control of lifting equipment
and other loads,

- the control circuit which has a pressure
of approx. 20 bar and a flow rate of
around 30 lUmin for power-shift trans-
mission, PTO, locking differential, etc.

- the lubrication circuit with a pressure of
approx. 3.5 bar.

There are considerable differences in the
high-pressure circuit as described below
The essential criteria for choi;e of design
are function, cost, energy losses, com-
plexity and ease of operation,

Constant flow system/Open center (OC)
system (Q constant, p variabln)
This system is the most common owing to
its favorable price-performance ratio. The
pressure is most frequently provided by
gear pumps. With all valves n their neu-
tral positions, the hydraulic fluid circulates
around the neutral circuit to the tank, and
its volumetric flow rate is variable only as
a function of pump speed. In order to op-
erate one or more loads. the neutral-flow
channel in the valve is constricted, and
hydraulic fluid is supplied to the working
ports according to the valv-spool dis-
placement. Priority valves arE used to en-
sure that precedence is giver to the pres-
sure supply for safety-related functions

Tractor hydraulic
system

1 Front fork,
2 Front hoisting gear
3 Tandem pump,
4 Front bucket

loader
5Direcrional-control

valve
63Variable-control

valve,
7 Steering system,
8 Mowing motor,
9 Mower lift,

10 Rear hoisting gear

Hydraulic systems
fortractors
I Priority valve,
2 Steering system,
3 Trailer brake,
4 Additional

equipment,
5 Hoist control,
6 Transmission

lubrication,
7 Transmission shift
8 PTO coupling,
9 Differential sensor.

-31w

2,.3
/1

- 5

4

7

56

EL\-

!10

m 
_

Hgh Hgh Constat- [S-System LS-System
presse re~ssue pressure with fixed- w/thvariable-

Constant-currenl system system capacity pump capacity pump

a
4,

7117
- .1

.111]
:11..-
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Automotive hydraulics 825

such as steering and trailer-brake opera-
tion. The inherent high levels of power
loss in the neutral circulation system can
be counteracted by appropriate splitting
of the work circuit and the use of two or
more pumps to provide the pressure.

Constant resse
QCCi system (Q variable, p constant)

A pump with variable volumetric flow rate
operates at a regulated constant pres-
sure. When the valves are in their neutral
positions, the pump reduces its delivery
volume to the rate of leakage loss. When
a valve is operated, the pump automati-
cally adjusts its flow volume to that re-
quired by the load. Priority valves are
used to give precedence to safety-related
functions. This type of system is insignifi-
cant in terms of automotive hydraulics.

Load-compensating system with con-
stant-dIacement pumo/Open center
load sensing (OCLS) system (Q constant,
p variable)
In this type of system, the differential
pressure is kept constant with the aid of a
control element (pressure compensator)
using the variable valve cross-section
(measuring diaphragm). Thus, the flow of
hydraulic fluid directed to the consumer
unit is proportional to the valve opening
and unaffected by the load pressure, The
highest load pressure within the control
system is selected and directed to the
pressure compensator by shuttle valves
and control lines. The excess pump flow
is returned to the tank via the pressure
compensator. If load compensation is
also to be maintained for all consumer
units in parallel operation, a second 2-way
flow regulator (individual pressure com-
pensator) is used for each consumer unit.

This system is technically very involved
but is becoming increasingly popular in
mobile hydraulics (materials flow/agricul-
tural applications) due to its ease of oper-
ation. The energy losses are only negligi-
bly lower than with the constant-flow sys-
tem.

Load-compensating systemwith variable-
displacement oumplClosed center load
sensing (CCLSI system (Q variable, p
variable)
This system is similar to the OCLS sys-
tem. The difference, however, is that the
pressure is supplied by a variable-dis-
placement pump with regulated pressure
and flow, instead of by a constant-dis-
placement pump with pressure compen-
sator. In addition to the gairs in conve-
nience, this system also offers substan-
tially reduced energy losses at partial
load. This type of system is being in-
creasingly used in applications involving
high-power hydraulics (construction ma-
chinery, large tractors).

Rear hoisting-gear control
The rear hoisting gear with is standard-
ized 3-point coupling is the most fre-
quently used type of mount for imple-
ments. The attached implements can be
raised, lowered and held in position. In
addition, the tractive force in the hitch
linkage can be held constant, or the posi-
tion of the implement with respect to the
tractor can be held constant. Tractive-
force regulation is primarily used in work-
ing the soil, e.g., plowing (a constant trac-
tive force produces a constant working
depth in homogeneous soil). High control
quality, i.e. small fluctuations in tractive
force, is required for full utilization of en-
gine characteristics and small fluctuations
in depth. Because the implements are

Electronichoist-controlmechanism
(EHR-D)
IElectronics,2Controlpanel,3osition
sensor, Force-sensorpins, 5 Ra actua-
tion, 6Pump,7 Contro valve. 8Cylinder
9Externalsensor,10Radarsensor,
I tRPM sensor

2

(t75

6 -1

10

5
J1

4
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826 Automotive hydraulics

guided and thus largely supported by the
hoisting-gear control, the resistance as-
sociated with the implement's movement
through the soil generates additional
downward force at the drive wheels. This
reduces wheel slip, and thus energy
losses. Position control is used primarily
for implements which do not penetrate the
ground, In addition, in the case of highly
variable soil resistance, a certain percent-
age of the position control can be mixed
with the tractive-force control (mixed con-
tI!) in order to limit depth fluctuations.

Mechanical hoisting-gear control (MHR)
The sensor signals are monitored and
processed as mechanical travel. The trac-
tive force is measured in the form of the
spring travel on the upper or lower control
arms. The actual position can be read
from a cam disc on the lifting shaft. A con-
trol rod relays the signals to the control
valve according to the selected ratio. At
the control valve, the actual values are
compared with those selected by the op-
erator. The hoisting mechanism is then
raised or lowered to compensate for any
control deviations.

Electronic hoisting-gear control (EHR)
The salient feature of EHR lies in the fact
that the monitored and control signals are
derived, transmitted and processed elec-
tronically. The tractive force is measured
directly by force-sensor pins at the hitch
coupling point. It is possible to supple-
ment position and force control with other
functions by expanding the electronic
controller and the number of sensors.
Rear activation eases attachment of im-
plements. An external sensor can be in-
stalled to monitor the travel height of an
attached implement (e.g., beet lifter).
A speed sensor (radar) and a wheel-
speed sensor make it possible to deter-
mine slip, providing the basis for a slip-
control feature. Active suspension control
is useful for enhancing safety and comfort
when heavy attachments are being
towed.

Hoisting-gear control with hydraulic
signal transmission
The basis of this hydraulic signal-trans-
mission system is a hydraulic bridge The

setpoint and actual values of the con-
trolled variable are applied via throttle el-
ements to the bridge's arms and, if the
setpoint and actual values do not coin-
cide, this causes the control valve to be
shifted against the force of a spring by the
diagonally tapped-off differential pres-
sure.

Directional-control valves for tractors
Depending upon the type of hydraulic sys-
tem, directional-control valves for the
high-pressure circuit have either open or
closed neutral positions with load sens-
ing. In order to hold heavy loads over a
long period of time, as well as for reasons
of safety, poppet valves or slide valves
(see the section on directional-control
valves) are used with downstream me-
chanically or hydraulically pi ct-operated
poppet valves in the cylinder port. In addi-
tion to the three positions for load exten-
sion, retraction and holding, the valves of-
ten have a fourth position (free-floating
position) in order to permit the implement
to be guided on the soil, for example by
means of supporting wheels. Detent
mechanisms with hydraulic maximum-
pressure release automatically reset a
valve which has moved past its neutral
position in response to overload, or if a
cylinder reaches its limit posiion (operat-
ing convenience). Integrated flow regula-
tors allow pressure-independent parallel
connections and constant speed of linear
and rotary motors. Built-in snock absor-
bers protect the tractor from overloads if
the cylinder port is closed.

Solenoid valves are used o actuate a
number of hydraulic function! on the im-
plement, and are controlled from the trac-
tor by means of cables (e.g., oeet lifters).

Hydraulic fluid is supplied via hydraulic
quick-disconnect couplings o by a sepa-
rate pump driven by the tractor's power
take-off shaft. Electromagnetic switching
valves for gear-shifting purposes, and for
actuating the various clutches in the trac-
tor, are increasingly being incorporated in
the low-pressure circuit.

For trailer braking, a brakin jvalve is in-
cluded in the high-pressure circuit, It is
actuated by the tractor brake, and sup-
plies a correspondingly controlled brake
pressure to the trailer.
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Hydraulic accumulators

Objectives: Energy storage, impact and
pulsation damping, operation as spring el-
ement.

The hydraulic accumulator consists of a
shell, the interior of which is separated by
a solid or flexible barrier. On one side of
the barrier is gas, on the other fluid. There
are three basic types of units: The blad-
der, the diaphragm and the piston accu-
mulator.

Nitrogen is employed as the gas
medium. During operation, the pressure
from the fluid compresses the gas. The
minimum operating pressure p, should lie
at least 10% above the initial gas pres-
sure Po. The pressure variation between
the initial gas pressure and the maximum
operating pressure p2 should not exceed
the following: 1:4 in diaphragm and blad-
der accumulators; 1:10 in piston accumu-
lators. The three operating states illus-
trated in the diagram are governed by the
laws of polytropic changes in state:

Ilm V' 0  P1V 1 m -P2 Vto

For nitrogen, the polytropic exponent for
isothermal changes of state is n = 1 and
for adiabatic changes of state, n = 1.4.
The available fluid volume between oper-
ating pressures is equivalent to the vol-
ume difference:

AV= V,- V,2

Auxiliary drives

Electrohydraulic devices are employed as
drive units in numerous automotive appil-
cations. The advantages associated with
a positive power-to-weight ratio are ac-
companied by flexibility in installation.
Electrohydraulic devices are used to con-
trol hoists and trailing axles, and for rais-
ing tractor axles. They are also used for
controlling the steering and lifting mecha-
nisms on industrial trucks and other vehi-
cles. Platform lifts for loads of 500 to
5,000 kg represent a major area of appli-
cation for electrohydraulic devices.

The motion of the platform is divided
into both lowering and raising, While the
upward or downward stroke is controlled

Automotive hydraulics 827

by a single central or two outside cylin-
ders, the tilt function is usual y governed
by two cylinders. These are ether single-
action cylinders with return springs, or
double-action cylinders. The tilt-control
functions are generally governed hy-
draulically In addition to the "raise" and
"lowerfunctions,other important features
are a floating" position for loading at
fixed-position docks, positioning at an op-
tional height (tilting under ful load), and
compliance with specified "raising" and
"lowering" speeds.

Diaphragm accumulator
1 Screw cap, 2 Gas chamber, 3 Diaphragm,
4 Fluid chamber 5Plug, 6 Steel case.

2

3
4
5

6

Operatng states of hydraulic accumulator
P, initial gas pressureopMnimum coerating
pressure p, Maximumoperahngp ressure

Volunmeat initialaspressure,

V Volume atma murm operating oressure

p2 L_ 2

91 - ----- -- 0
P0 - - - - - - - - - -

V2 I 0V
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828 Automotive hydraulics

Hydrostatic fan drives

Air-cooling of engine coolant is regulated
by thermostatic control of radiator-fan
speed. In situations which demand
greater scope in the siting of the radiator
(due to space constraints, engine encap-
sulation) in positions where it is not in
close proximity to the engine, hydrostatic
fan drive systems are generally used for
higher-power applications (busses, trucks,
construction and agricultural machinery,
fixed plant). Aside from the flexibility in po-
sitioning the radiator, these units also
have the advantages of high power-to-
weight ratios (low weight, compact com-
ponent dimensions), uncomplicated con-
trol and regulation, reliability, and the re-
duced component wear which results from
the hydraulic fluid's lubrication effect

The essential components of the hydro-
static fan drive are the hydraulic pump,
the motor (high-pressure gear or piston
units), and the temperature-controlled
valve in the bypass line to the hydraulic
motor for controlling fan speed. The hy-
draulic pump is driven by the engine ei-
ther directly or indirectly using a V-belt

drive (conversion ratio), The pump, in
turn, powers the hydraulic motor in the fan
assembly The motor speed depends on
the fan specific response properties

- VAP)and the effective nressure dif-
ferential (Ap). It losses associated with
transmitting the power are discounted,
the speed will be directly proportional to
system pressure (p),

Both continuous-action and discontinu-
ous-action control are employed to gov-
ern the engine-coolant temperature. With
two-point control (discontinuous), the by-
pass valve is in the form of an electrically
triggered directional-control valve, with
actuation controlled by a thermo-switch in
the engine's coolant circuit. A pressure
valve mounted in a parallel circuit deter-
mines the maximum fan speed - and thus
cooling power - which will be obtained
when the directional-control valve is
closed. The precise regulating response
is a function of the system pressure to
which the valve is set (usually 200 bar).
Continuous-control systems leature a by-
pass valve in the form of a pressure valve
or throttle valve with a supplementary by-
pass-pressure valve for limiting system

Combined hydrostatic fan drive and power steering
I Radiator,

2 Fan,
3 Hydraulic motor
4 Wastegale,
5 Hydrostatic steering,
6 Positioner
7 Pressure valve,
8aitera-combustion

engine,
9 Coolant flow regulator

(therrostal),
10 Coolant pump,
S1I Transmission,
12 Hydraulic pump

(tandem unit),
13 Hydraulic pump 1

for fan,
14 Hydraulic pump 2,
15 Air filter,
16 Filter,
17 Fluid reservoir,

4;
I5

1I 2 5

----------

Coolant
flow 13

14

lt--c4? 15 17
I6
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Automotive hydraulics 829

pressure. The unit is adjusted by a tem-
perature-sensitive control mechanism
with proportional response characteris-
tics. It provides continuous progressive
control of system pressure (in the case of
the throttle valve via outgoing bypass
flow). The control mechanism can be a
thermostatic element (expansion element
with wax) located in the coolant stream.
Electrohydraulic systems in which the
valve is adjusted by a solenoid (propor-
tional solenoid or solenoid with pulse-
modulated switching) are becoming in-
creasingly important. This type of sole-
noid is controlled by the output signal of
an electrical temperature sensor located
within the coolant stream. This type of unit
provides proportional control of the sys-
tem pressure as a function of tempera-
ture. it continually adjusts the fan speed
for the required cooling power, remaining
within a control range of plus/minus
2.5 0 C. The proportion of operating time
during which the fan operates at maxi-
mum speed is only roughly 5%, meaning
that the fan rotates at reduced speed
most of the time. Reductions in fuel con-
sumption and noise emissions are the re-

sult. The inherent system losses with this
type of slip regulation, a maximum of
roughly 15%, are commensurate with the
requirements of economy. In order to en-
sure adequate ventilation in the engine
compartment beyond the base speed - of
particular importance with compartments
for encapsulated engines or low-noise
vehicles - there is also a limit on minimum
system pressure. The control electronics
can also be expanded to process addi-
tional analog (such as internal and exter-
nal temperature) and digital input signals.
These can serve as the basis 'or generat-
ing output signals to the control solenoid,
allowing additional adjustment of fan
speed. An example is the combined appli-
cation of the fan drive to regulate coolant,
boost-air, and engine-compartment tem-
peratures, and to switch the fan to maxi-
mum mir- during retarder operation.
Electrohydraulic systems can be inte-
grated within the engine-management
system. Hydrostatic fan-drive systems
can also supply other systems or combine
with additional ancillary drive systems
such as clutch, transmission, compressor,
water pump, alternator, hydraulic power

Boost air
Coolant

Electrohydraulic fan drive
1 Gear motor with proportional pressure valve, 2 Control unit. 3 Currnt regulator.
4 Voltage regulator, 5 Retarder operation.
Temperature sensors tor: 6 Coolant, 7 Boost air. 8 Outside air
U" Battery voltage.

5

VImax

46 K ~~2>1%

7 4 ~ ~ 1----------.± t

''J

7 MR<1

2
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830 Automotive hydraulics

steering, rear-axle steering, hydraulic
systems for tippers, etc. By means of sut-
able system design or multiple pump
combinations, function prioritization and
safety-related demands can be satisfied.

Hydrostatic drives

If the pressure outlet of an adjustable hy-
draulic pump is connected to a constant-
speed or adjustable hydraulic motor (pis-
ton or gear motor), the result is an infi-
nitely variable power-transmission device,
The mechanical input power (torque x
mIn- 1) emerges as mechanical output
at another point. The specific conversion
ratio is determined by the quotients of the
preset pump flow volume and the motor's
displacement volume. Parallel layouts in-
corporating several motors (differential
effect) and series layouts (constant veloc-
ity) are also possible. However, a basic
transmission within an open circuit can
neither change direction nor apply brak-

ing force without the assistance of auxil-
iary mechanisms. Nevertheless, this type
of layout is well suited to variable ancillary
drive systems, such as fans, spreader
plates, etc.

Main drives
Hydrostatic drive systems for automotive
application must be able to cope with
turning under power and with braking. For
this reason, it is the closed circuit which
has gained predominance. The main (re-
versible) pump is combined ith a charge
pump, which is usually flange-mounted.
The flow from the charge ptmp into the
low-pressure line compensates for leak-
age and losses in compresion volume.
Because there is always pressure on the
low-pressure side, the main pump's max-
imum permissible speed is higher than in
suction operation. At a constant conver-
sion ratio, this type of transmission pro-
vides almost the same degree of positive
drive as a mechanical unit. It is especially
well-suited as a device for powering ma-

Open-circuit hydrostatic drive system
1I C engine, 2 Adjustable hydraulic pump, 3 Hydraulic motor, 4 Pressure relief valve,SOutput,
6 Fluid reservoir.

1 2

3 t5

Basic layout for closed circuit
I IC engine, 2 Adjustable hydraulic pump, 3 Charge pump, 4 Charge-pressure relief valve,
5 High-pressure relief valve, 6 Charge non-return valve, 7 Reversible hydraulic motor, 8 Output,

6

ij- V243 6 7 8

15

4
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Automotive hydraulics 831

chinery. Meanwhile, "automotive" controls
have been developed to provide drive
characteristics similar to those of cars (for
industrial trucks, etc.). In these, the vehi-
cle's IC engine and the transmission are
governed by a single pedal. Most familiar
are the circuits in which the operator uses
the pedal to control the engine speed
only. The engine power is directed
through an auxiliary pump and a throttle
circuit (generally incorporating several
stages) to generate the control pressure
which corresponds to the specific engine
speed. This pressure, in turn, determines
the main pump's flow volume via a control
mechanism with proportional pressure re-
sponse. This control concept is uncompli-
cated, and prevents the engine from
stalling, as the pump responds to losses
in input min- 1 by switching down to lower
flow rates requiring lower torques. How-
ever, more complicated circuits are re-
quired to satisfy more stringent demands
for power control and fuel economy. Elec-

trically adjustable pumps and modern
sensor technology provide for elegant so-
lutions using electronics.

Auxiliary drives
Yet another application for hydrostatic dri-
ves is as auxiliary units on otherwise free-
wheeling truck axles for slow operation in
difficult terrain. When required, this unit
acts as a hydrostatic substitute for drive
shaft and transfer case. For rormal road
operation, some form of low-loss switchoff
is required for the unit. The solition is pro-
vided by a constant-displacement pump
at the engine; this pump featu es variable
ratios, and can also be disengaged com-
pletely. On the auxiliary-drive axle, there
are slow-running hub motors whose pis-
tons are retracted by springs when driving
on the road. Thus the hydrailic system
can be dimensioned for slow vehicle
speeds. Neither rotating losses nor sub-
stantial friction losses are encountered
under normal operating condilions.

Schematic diagram of "automotive" transmission
I Oriving pedal, 2 Engine with speed governor 3 Hydraulic pump with adjustable presure,
4 Charge pump, 5 Restrictor network for rpm-dependent control pressure, 6 Hydrauliccotor,
7 Output.

2 5 e 7

1

Hydrostatic auxiliary drive
1 Electric control unit for normalauxiliary drive, 2 Disengageable constant-displacoment pump
with incremental control, 3 Oil reservoir 4 Discnnectable hose connections, 5 Hydrauic lines,
6 Hub motors

234
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832 Automotive pneumatics

Automotive
pneumatics

Pneumatic systems are used in motor ve-
hicles as sources of energy for
- Opening, closing and locking doors,

hatches, etc.,
- Operation and control of brake systems

(braking systems) P. 674, and
- Level control P 613

Operation of bus doors

Bus doors are operated by double-acting
control cylinders. The action of the piston
is transmitted to the door leaf. Alternating
pressurization and depressurization of
the two cylinder chambers opens and
closes the door. Three drive systems are
in use:
- The working cylinder's piston rod is

connected to a lever attached to the
door pivot. The door pivot is attached to
the door. The extended piston rod res-
ponds to cylinder actuation by rotating
the spindle to open the door.

- The piston cylinder is axially flange-
mounted to the door spindle. The reci-
procating motion of the cylinder piston
is converted into rotary motion in the
door spindle. This rotating motion
opens and closes the flange-mounted
door by pivoting it outward.

- The control cylinder (rotary drive) is ac-
tually a combined cylinder and rotary
spindle. The piston stroke is transmit-
ted to the door in the form of a rotating
motion at the flange axis.

The doors should reach their travel
limits without violent impacts and sudden
stops. In order to damp the movement of
the door during opening and closing, a
pressure- or travel-sensitive cushioning
device can be installed in the cylinder to
reduce the speed of the door shortly be-
fore it reaches either end position. The
end-position cushioning effect can be ad-
justed using a throttle screw.

To cite an example, a 4/2-way solenoid
valve can be used to reverse the door's
travel as follows. The driver triggers a cur-

rent pulse by pushing the door-control
button, causing the solenoid armature to
move the rocker into the opposite position
via a rod. The rocker responds by closing
the supply valve and opening the dis-
charge on one end of the cylinder, while
the discharge is opened and the supply
closed on the other end Additional valve
and control functions are specified in Ger-
many by the requirements of the vehicle
manufacturers as well as the safety re-
quirements contained in § 35 e of the
StVZO Road Licensing Regulations
(FMVSS/CUR), the ZH1/494 guidelines
for power windows, doors and hatches
defined by the professional trade associa-
tion, and the guidelines of the Association
of Public Transport Services (VOV) for
standard city buses.

Power to closing doors mLst be deacti-
vated or its direction reversed in response
to any travel resistance (in Germany, VOV
standard city bus). The opening force
must be limited to 150 N or be interrupted
upon encountering resistan.e. After the
emergency valve has been operated, the
opening or closing force of the door must
be canceled, so that the door can be op-
erated by hand. After the emergency
valve has been returned to is normal po-
sition, door movement must iot begin un-
til a separate pushbutton (located on the
driver's console or in a bcx above the
door) is pressed or adequate failsafe con-
ditions have been satisfied. Abrupt door
movements must be prevented,

Systems in urban buses
The doors in urban buses rely on any of
several methods for travel reversal. These
include pressure devices in the weather-
stripping, differential-pressLre switches,
photocells, flexible doorshafs and poten-
tiometers. Should a passenger get caught
in the door the system responds by gen-
erating an electrical switching signal to re-
verse the door valve. During opening the
system can react by depressurizing the
control mechanism or, alternatively, by
pressurizing both door-con~rol cylinders
simultaneously.

In buses with more than two doors, the
rear third door must be controlled auto-
matically The driver only releases the
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Automotive pneumatics 833

door for operation. Door opening, open
time and closing are electronically con-
trolled on the basis of driver and passen-
ger information.

It is often desirable for the front half of
the front door to open while the other half
remains closed. This function is achieved
by a 2/2-way solenoid valve located in the
closing line of the cylinder for the second
door section.

Systems in touring coaches
Where the emergency valve is located up-
stream of the door valve (see diagram),
the door-control button activates a solen-
oid to release the pushrod for the return
mechanism.

When this power operation is triggered,
violent closing is prevented by a flow re-
strictor. In normal operation the flow re-
strictor is kept open by secondary pres-
sure,

If the emergency valve is installed
downstream of the door valve in the line
leading to the closing chamber of the door
cylinder, the emergency-valve lock is
pneumatically actuated. Once a mean
pressure is reached, the control rod is
pneumatically released and the valve re-
verses position.

Door and hatch locking
In large tour-bus doors which swing out-
ward, it is essential that the doors remain
locked during the journey. This is done ei-
ther by lifting the door immediately after
the closing process or by additional lock-
ing devices, with single-acting actuating
cylinders installed in the door frame. At
the conclusion of the door-closing
process, these are activated by the door
itself, for instance by way of a 3/2 shuttle
control valve, and thus assist the door
drive at the end of the closing process.
This closure assistance and lacking sys-
tem is designed in such a waj that it un-
locks in the event of pressure loss. The
door is then held only by th door lock
which can be opened by hand in an emer-
gency.

In contrast, springs engage the locking
mechanisms for luggage-bEy hatches
when the control system is depressur-
ized.

Door operating system (circuit diagram)
I Air tank, 2 Emergency valve with solenoid
release mechanism, 3 Flow restrictor,
4 Door valve, 5 Pressure-relief valve,
6 Control cylinder, 7 Push button,
8 Electric switch for acoustic signal.

2
3

AR 6

Closing and locking device for tiouring
coaches
I Locking boll, 2 Swinging door, 3 Safety
catch, 4 Rocker arm, 5 Actuating cylinder

1 2

-

4 5 3
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834 Circuit diagrams

Symbols used in vehicle electrical systems
Standards: DIN 40900

General symbols (selection from circuit diagrams on P. 839 ff.)

Connections

Conductor; conductor cross-
over, without/with connection

Conductor; conductor cross-
over, without/with connection

Mechanical linkage; elec-
trical conductor (laid at
later stage)

Crossovers
(without/with connections)

-- -+-

Connection, general;
separable connection
(if indication necessary)

0 0

Plug-in connection; socket;
connector; tripleplug-in
connection

Ground (equipment/
vehicle ground)

Mechanical Function

Switch positions (basic
position: solid line)

0 12

I/

0 2

Variabilty/adjustability, not
intrinsic (external), general

/

Variability/adjustability,
intrinsic, caused by
applied physical variable,
linear/non-linear

/ -i'

Manual actuation, actuation Variability/adjustability,
by follower (cam), thermal general
(bimetallic strip)

-- ~-- - /-

ISwitches
Detent; non-automaticau-
tomatic return in direction Momentary switch, NO/NC
of arrow (pushbutton) contact

- -- -t-

Actuation, general (mech.,
pneum., hydraul.); piston
actuation

Actuation by rotational
speed n, pressure p. quan-
tity Q, time , temperature

PT-Ili

Detent switch. NO/NC
contact

Changeover contact, non-
bridging/bridging

1
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Circuit diagrams 835

Switches

Two-way make contact with
neutral position (e.g. turn-
signal switch)

II
NO/NC contact

Contact with two makes

Multiple-position switch

1 211

Ca-oeatdwic

Cam-operated switch
(eg. contact breaker)

0--

Thermostatic switch

Release/trip device

Various components

Actuators with one winding Resistor

Actuators with two windings Potentiometer
acting in same direction (with three connections)

Actuators with two windings
acting in opposing directions

Electrothermal actuator,
thermal relay

Electrothermal actuator,
solenoid

Solenoid valve closed

Relay (actuator and switch)
example: non-delayed-break
NC contact and delayed-break
NO contact 7. -

Heating resistor, glow plug,
flame plug, heated rear
window

Antenna/aerial

Fuse

Permanent magnets

Winding, inductive

mwy __11m

L7 *
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836 Circuit diagrams

Various components

PTC resistor

t0

NTC resistor

t

Diode, general, current in
direction of triangle tip

PNP transistor
NPN transistor

E=Emitter (arrow points in
direction of flow

C= Collector, positive
B =Base (horizontal),

negative

E C

Y6

E C

B

Light-emitting diode (LED)

Hall generator

Devices in motor vehicle

Dotted/dashed line used to
delineate or group together
associated circuit sections

Shielded device, dashed
line connected to ground

I
J

Regulator, general

Electronic control units

Indicating instrument,
general; voltmeter; clock

V L

Rotational-speed indicator:
temperature indicator;
linear-speed indicator

o a G

Battery

H E- -

Plug-and-socket connection

Light, headlamp

01
Horn, fanfare horn

Heated rear window
(general heating resistor)

Switch, genera; without
indicator lamp

Switch, genera; with indi-
cator lamp
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Circuit diagrams

Devices in motor vehicle

Spark plug

If

Relay, general Ignition coil

Solenoid valve, fuel injector,
cold-startvalve

Thermo-time switch

Throttle-valve switch

Rotary actuator

Auxiliary-air valve with
electrothermal actuator

Ignition distributor, general

Voltage regulator

U

Alternator with regulator
(without/with internal
circuitry)

Electric fuel pump, motor
drive for hydraulic pump

Motor with blower, fan

Starter motor with solenoid
switch (without/with inter-
nal circuitry)

V
Wiper motor (one/two wiper
speeds)

Intermittent-wiper relay

Car radio

Pressure switch

837
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Devices In motor vehicle

Speaker Piezoelectric sensor

Voltage stabilizer Resistance sensor

I

Inductive sensor, controlled
with reference mark

Turn-signal flasher, pulse
generator, intermittent relay

G

Lambda oxygen sensor
(unheated/heated)

Air-flow sensor

Air-mass meter

Flow-quantity sensor, fuel-
levelsensor

Temperature switch, tem-
perature sensor

N+

Linear-speed sensor

ABS rotational- speed
sensor

Eln]
Hall sensor

Converter (rate, voltage)

Inductive sensor

Instrument-cluster device (dashboard)

N1 P2 P3 P4 PS HI H2 H3 H4 HI HI
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Circuit diagrams

The circuit diagram is a drawn represen-
tation of electrical devices by means of
symbols, and includes illustrations or sim-
plified design drawings as necessary.

The diagram illustrates the relationship
between the various devices and shows
how they are connected to each other.
The circuitdiagram may be supplemented
by tables, graphs, or descriptions. The
type of circuit diagram actually used is de-
termined by its particular purpose (e.g. il-
lustrating the operation of a system) and
by the way in which the circuit is repre-
sented.

The circuit diagram must comply with
the requirements of the appropriate stan-
dards, and deviations are to be explained,

The current paths should be arranged
so that signal flow or mechanical action
takes place from left to right and/or from
top to bottom.

In automotive electrical systems, block
diagrams are usually shown with single
inputs and outputs, and internal circuitry
is omitted.

15

Schematic diagrams

Assignment
The schematic diagram is the detailed di-
agram of a circuit. By clearly showing the
individual currentpaths, it explains the op-
eration of an electric circuit. In a sche-
matic diagram, the clear presentation of
the circuit's operation, which makes the
diagram easy to read, must not be inter-
fered with by the presentation of the indi-
vidual circuit components and their spatial
relationships.

Design
The following schematic diagrams show
examples of automotive circuits. They
serve only to explain the texi and cannot
be used as the basis for design or instal-
lation,

Examples of identification
G1: Equipment identification DIN 40 719)
15: Terminal identification (DN 72 552)
1: Section identification (DIN 40 719)

I Starter and power supply circuits

30
-15

31

T

Si

L1 2 L I

57a 15 15x 50

S38
M1

2- - w G2 ia3

31
1 2 34 5 57 B 9 10 11
1 2 3 4 5 67 8 9 10 11
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Circuit diagrams

2 Lghting, sgnaling system, continued

E33IE035F
F E F ' -4F

K(4

313

El37 Ef
I-4--44.-4-

F

KS

-J
-- S22

B15 S23

-31
25 26 27 28 2930 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

840

2 LIJhtinq, sicnaling system

K(3 A7
31~4 L,~i_3

[F[ F F[IF

1 2 4 6 78 910 11 12 13 14 15 16 17 t8 19 20 21 22 23 24
31
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Circuit diagrams 841

2 Lighting, signaling systern, continued

U--I, 1 3

'(9

S12

S-131

L~MhFE23 MX

23 E 2 7

i~i2

20

-J

I4

4F 1

3 Term

E21

15 ±! 17 S189 S21

1__i I

9 50 51 52 53 54 55 56 57 58 59 60 61 2 63 64 65 6B 67 68 69 70 1 72

3 Clock, radio

o0

31

4 Display unit (instrument cluster)

32

)F ]F WI1

AW2

is

N I P3 P4P5 1 2 H3 H4 H5H61

PS Pifi I I
B1 1B9 10 S3184 E5'

31- -1 31 31 _____

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

15-

19

18

511

3E

31

HO In

-7
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Circuit diagrams

5ABS with CAN bus

30
15

Al X22
BI VL HR Fl Al 3 F4 2 10-
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21 2

2 3 7 14

111C012 12223 65j3111 74 25 1812 219 X22
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31 
24 
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724 326 1
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31 22 21

4 3 9817 55)3
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15-

K3
6307F -1

2 j

185 3

X3

21 53 X

12 Y9 161

Fl1 T I1

34 8673

X4

F2$

X5

10 26 7

43 37 9 11. 18 22 5165 4

34 X' 7 3 14 36 4 05

27 88 
139

25 26 27 28 29 30 31 32 33 34 35 36 37 3839 40 41 42 43 44 4546 47 48

6 M-Motronic, continued

15

BIO

20

38

X1 8 60 52

12 3 4 5

mE

II
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II
I I
I I

45

Fi1 X5
1l 21

Y9

Ti

Ri

K]

46

31

31
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843

6 M-M trome, continued 
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844 Circuit diagrams

___ vI DO

55 30 I 2 13 14l~

-2 L Y2

LY3

7 Dstrbutorirtectionpump VE/EDC

-30

-15

Fl

L
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L42 51 4 5 4929 755226 28 47 23 45153
65552 57 55 15 12 11_ 1 2446 5 191J127

45 2

31
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2 5 8
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7 Distributoi njection pump VE EDC continued

31

30 -30
15 - 15

Y4 Sl K2'
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5 6 35 34 4 5Y
0 64 12 20 1 5
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OF5

F H2

X3 X4 X5

7 Distributor injection pump VEIEDC, contiued

30

-15

F4

H1

I,
II
II

II
III

31 22
46

31
57 58 59 60 61 s2 63 84 65 56 67 8 69 70 71 72

44 38 413 32 i8 a9 31 1
5143 2 9

8 Sart-assist system, diesel engine

30- -30

15- -15

X21

R3 R4 iR5 R7 Ra

31 31
12 3 4567 8 9 10 1 12 13

9 Car alarm

1i5 871

86 30

lit
K118

F3 56 37 0

W2WSK18

31= 31
1 2 34 5567 8890 112 1-F16

Circuit diagrams 845
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10 Wiper and washer systemns I1IFan, vent Iation, heatin g

27 31S28

53b 3 1 31153

F 53_ K8_

A 31

F15
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34

K7 S26 Y5
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X17
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M3 1317 B818
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12 Climatronic automatic air-conditioning system
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12 Clmatronic automaticair-conitioning system, continued
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848 Circuit diagrams

13 Transmission-shift corool systemnAG 4

I12
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Circuit diagrams 849

Section designation and
device identification
Table I details all section designations as
listed in "Schematic diagrams" as from
R 839 The sections identify defined
areas of the circuit diagrams which repre-
sent a particular system.

Table 2 lists electrical devices and their
identification codes along with the num-
ber of the schematic-diagram section in
which they appear.

Table 1 Sections
See- System
tion

1 Starting and power supply
2 Lighting and signaling system
3 Clock, radio
4 Display unitinstrument cluster)
5 ABS with CAN bus
6 M Motronic
7 Distributor injection pump

VE/EDC
8 Start-assist system, diesel engine
9 Car alarm

10 Wiper and washer systems
1 Fan, ventilation, heating
12 Climatronic automatic air-

conditioning system
13 AG4 Transmission-shift control

system

Table 2 Device identification
ID Device Section
Code
Al Display-unit warning lamp 5
Al Servomotor for center flap 12
A2 Radio 3
A2 Servomotor for dynamic- 12

pressure flap
A3 Ignition system with 9

knock control (EZK)
A3 Servomotor for temperature 12

flap
A4 Instrument-panel tempera- 12

ture sensor and fan
A5 Fan control unit 12
A6 Radiator fan 12
A35 Transmission unit, electrical 13
B1 Engine-speed/reference- 5,6

mark sensor
B1 Accelerator-pedal sensor 7
B1 Coolant-temperature sensor 12
B1, 2 Road-speed sensor 6, 13

ID Device Section
Code
B2 Needle-movement sensor 7
B2 Outside-temperaturn sensor 12
B2 Transmission input-shaft 13

speed sensor
B3 Lambda oxygen sensor 6
B3 Engine-speed/reference- 7

mark sensor
B3 Intake-air temperature sensor 12
84 Air-mass meter 6,7
B4 Photosensor 12
B5 Knocksensor1 6
B5, 7 Coolant-temperature sensor 6, 7
B6 Knock sensor 2 6
B6 Fuel-temperature sensor 7,8
88 Linear-speed sensor 4
B8 Intake-air temperature sensor 6
89 Fuel-level sensor 4
B9 Throttle-valve potentiometer 6
810 Coolant-temperature sensor 4
810 Cylinder identification sensor 6
811,12 Speaker 3
813 Dimmer for instrument Ilihting 2
814,15 Supertone horn 2
816 Standard horn 2, 9
B17 Interior-temperaturo sensor 11
818 Settingadjuster 11
El Climatronic dispay unit 12
E2, 3 Fog warning lamp /R 2
E4,5 DrivinglampL/R 2
E6,7 Fog lamp, LR 2
E8, 9 Low-beam headanp, UR 2
E10,11 Side-marker lamp, JR 2
E12,13 License-plate lamp UJR 2
E14,17 Stop lamp R 2
E15,16 Tail lamp UR 2
E18 Trunk-lidlamp, LR 2
E19 Trunk lamp 2
E20 Glove-boxlamp 2
E21 Engine-compartmentlmp 2
E22,23 Backup lamp, LR 2
E24,26 Turn-signal lamp VJHL 2
E25,28 Auxiliary turn-signl amp LR 2
E27,29 Turn-signal lamp VR/HR 2
E30,31 Ashtray lamp, frontrear 2
E32,33 Footwell lamp, left ront/rear 2
E34,35 Footwell lamp, right front/rear 2
E36,38 Rear reading lamp R/L 2
E37 Front readinqlamp 2
E39 Vanity-miror lamp 2
E40 Instrument lighting 2
E41 Instrument-panel ighting 2
E42 Rear-window heatilg 11
F. Fuses
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850 Circuit diagrams

ID Device Section ID Device Section
Code Code
Gi Battery I R3_8 Glow plugs 8
G2 Alternator 1 S1 Ignition and starting switch 1
H1 Charge-indicator lamp 4 S1 Brake-light switch 5
Hi ABS-Warning lamp 5 S1 Operating controls for cruise 7
HI Indicator lamp 7 control
H2 Oil-pressure warning lamp 4 S1 Lights switch 12
H2 Brake light 7 $2 Air-conditioning switch 7
H3 Handbrake warning lamp 4 S2 Evaporator temperature switch 12
H3 Selector-lever illumination 13 S3 Oil-pressure switch 4
H4 Brake-wear warning light 4 S3 Brake-pedal switch 7
H5 High-beam warning lamp 4 S3 Radiator-lan temperature switch 12
H6 Turn-signal warning lamp 4 S4 Handbrake switch 4
H7 Warning lamp for I1 S4 Clutch-pedal switch 7

rear-window heating S4 Air-co ng pressure switch 12
K1 Main relay 6, 7 S4 Kick-down switch 13
K1 Air-conditioning relay 12 S5 Brake-wear detector contact 4
K1 Starter locking relay 13 $5 Brake-light switch 7
K2 Relay for oxygen-sensor heater 6 S6 Lights switch 2
K2 Relay for small heater filament 7 S7 Fog-lamp switch 2
K2 Air-conditioning compressor 12 S7 Multi-function switch 13

relay SB Dipswitch 2
K3 Side-marker lamp scanning relay 2 S9 Brake-light switch 2
K3 Electric fuel pump relay 6 910 Turn-signal switch 2
K3 Glow-plug relay 7 $11 Switch for tailgate lights 2
K3 Radiator-fan run-on relay 12 512 Switch for backup lamps 2
K4 Interior-Igaht control relay 2 S13 Hazard-warning and turn- 2
K4 Heater-filament relay 7
KS Supertone-horn relay 2 $14 Switch for glove-box lamp 2
K6 Engine-fan relay 11 $15 Switch for engine-compart- 2
K7 Rear-window heating relay Ifment Jamnp
K8 intermittent-wiper relay 10 S16...18Door position switch, 2
K11 Starterlockinqfimmobiliserrelay 9 front left, rear right, rear left
K17 Visual alarm relay 9 S19 Impact switch 2
M1 Starter 1,8 S20 Door position switch, front right 2
Mi Pump motor, hydraulic modulator 5 S21 Door-handle switch 2
MI, 3 Ventilation-fan motor 11, 12 S22 Horn changeover switch 2
M2 Cooling-fan motor 11 S23 Horn button 2
M4 Wiper motor 10 S24 Thermo-switch 11
M5 Windshield-washer motor 10 525 Rear-window heating switch Ii
M6 Engine-fan relay 10 526 Fan switch 11
M7 Rear-window washer motor 10 927 Wertch 10
Ni Voltage stabilizer 4 S28 Rear-window wiper/washer 10
P1 Instrument cluster 4 switch
P2 Electric speedometer 4 S29 Washer switch 10
P3 Rev-meter 4 S39 Alarm-system encoding switch 9
P4 Fuel gauge 4 6
P5 Engine-temperature display 4 W1 Car radio antenna 3
P6 Clock 3 W1 Connector for 16-core 12
Ri Heater resistor 6 ribbon cable
R1..4 Glow plugs 7 W2, 3 Encoding wEre 9
Ri Blower resistor If X1 ECU connector for 6, 7
R5..7 Auxiliary heating 7 MotronicNE/EDC

(manualgearbox)
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Circuit diagrams 851

10 Device Section
Code
X3 ECU connector for 6

air conditioning
X4 Plug, lamp-control module 2
X4 ECU connector for 6

transmission-shift control
X5 Connecting plug for 6

instrument cluster
X6 Plug, check-control 2
X9 Plug-in base, hazard-warning 2

relay
X10 Connector for central body- 2, 7

electronics basic module
X11 ECU connector for engine 13

management
X16 ECU connector for alarm system 9
X17 ECU connector for air 11

conditioningheater control
X18 Diagnosis socket 3
X21 Connector for g0w control unit 8
X22 ECUplugABS/ABC 1 5

ID Device Section
Code
X22 Diagnosis socket 8
X34 ECU connector for 12, 13

transmission-shift control
X44 Naviqation-system onnector 5
X53 Connector for automatic air-

conditioning systerr 12
X91,92 Diagnosis socket 5, 13
Y1 Hydraulic pressure modulator 5
Y1 Fuel injector 1 6,7
Y1 Valve block 12
Y1 Disablin solenoid 13

Y2 Air-conditioning compressor
solenoid-operated coupling 12

Y2 5 Injectors 2 5 6, 7
Y5 Hot-water valve 11
Y6 Fuel injector 6 6
Y7 Canister-purge valke 6
Y8 Idle actuator 6
Y9 Electrcfuelpump 6

1 ABD= Automatic Brake Differential.

Wiring diagram: Detached representation
In the detached method of representation,
the continuous connecting lines between
the individual devices are omitted. The in-
dividual devices are represented by
squares, rectangles, circles, symbolsor il-
lustrations and designated in accordance
with DIN 40719 Part 2. The terminal des-

ignation of the device is also indicated,
Each outgoing conductor trom a device
receives a code containing the terminal
designation of the destination device as
well as the device designation. If neces-
sary, the conductor color is also given.

Example: Alternator Device representation Destination
a) Device designation (code letter and code

number), G 0+ 0- H1/sw
b} Terminal designation on device, B+ 0- G2:+/rt
c) Deviceto ground,
d) Destination, (code letter and

code number, terminal sw = black
designation, conductor color. G1 ft = red

a b c d

Y2 Air-conditioning output control 7
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Circuit diagrams

Terminal designation as per
DIN 72552
The purpose of the terminal-designation
system for automotive electrical systems
is to enable easy and correct connection
of the conductors to the various devices,
particularly in the event of repairs and
equipment replacement.

The terminal designations do not iden-
tify the conductors, because devices with
different terminal designations can be
connected at the two ends of each con-
ductor. For this reason, the terminal des-

Terminal designations. Examples
Term. Definition

Ignition coil,
ignition distributor

1 Low voltage
Ignition distributor with two
separate circuits

la to contact breaker I
lb to contact breaker 11

Ignition coil, ignition distribulor
4 High voltage

Ignition distributor with two
separate circuits

4a from ignition coil I, terminal 4
4b from ignition coil II, terminal 4

Switched (+) downstream of
battery (output of gition!

15 driving switch)
Output on series resistor to igni-

15a lion coil and to starter motor
Glow plug and starter switch

17 Start
19 Preheat

Battery.
30 Input from battery positive (direct)

Battery changeover 12/24 V
30a Input from battery II positive

Return from battery
31 Negative or ground (direct)

Return to battery
31b Negative or ground via switch

or relay (switched negative)
Battery changeover relay 12i24 V

31a Return to battery II negative
31c Return to battery I negative

Electric motors
32 Return line)
33 Main terminal')

1) Polarity reversal terminal 3233 possible

ignations need not be written on the lines
which designate conductors.

In addition to the terminal designations
listed, designations according to DIN VDE
standards may also be used on electrical
equipment.

It in the case of multiple-ccntact con-
nections the number of terminal designa-
tions as per DIN 72552 does not suffice,
theterminals are consecutively numbered
using numbers or letters whose represen-
tations of specific functions are not stan-
dardized.

Term. Definition
33a Self-parking switchoft
33b Shunt field
33f For second lower-speed level
33g For third lower-speed level
33h For fourth lower-speed level
33L Counterclockwise rotation
33R Clockwise rotation

Starters
45 Separate starter relay, output

starter, input (main c rrent)
Two-starter parallel operation
Starting relay for engagement
current

45a Output, starter i,
!2p, ster Iand 11

45b Output, starter II
48 Terminal on starter andon

start-repeating relay fhr
monitoring starting pprocedure
Turn-signal flashers
(pulse generators)

49 Input
49a Output
49b Output, second flasher circuit
49c Output, third flasher circuit

Starters
50 Starter control (direct)

Battery changeover relay
50a Output for starter control

Starter control
50b For parallel operation of two

startersith sequential control
Starting relay for sequential con-
trol of engagement current for
parallel operation of two starters

50c nput to starting relay 'or starter I

852
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Circuit diagrams 853

Term. Definition
50d Input to starting relay for starter I I

Start-locking relay
50e Input
50f Output

Start-repeating relay
50g Input
50h Output

Wiper motors
53 Wiper motor, input(+)
53a Wiper (+), self-parking
53b Wiper (shunt winding)
53c Electric windshield-washer pump
53e Wiper (brake winding)
53i Wiper motor with permanent

magnet and third brush (for
higher speed)
Lighting

55 Fog lamp
56 Headlamp
56a High beam and high-beam

indicator
56b Low beam
56d Headlamp-flasher contact
57a Parking lamp
57L Parking lamp, left
57R Parking lamp, right
58 Side-marker lamps, tail lamps,

license-plate lamps and
instrument-panel lamps

58L ditto, left
58R Right, license-plate lamp

Alternators and voltage
regulators

61 Alternator charge-indicator
lamp

B+ Battery positive
B- Battery negative
D+ Dynamo positive
D- Dynamo negative
DF Dynamo field
DF1 Dynamo field 1
DF2 Dynamo field 2
U,VW Alternator terminals

Audio systems _
75 Radio, cigarette lighter
76 Speakers

Switches
NC/changeover switch

81 Input
81a 1 output, NC switch side
81b 2nd output. NC switch side

NO switch
82 Input
82a 15 outout

Term. Definition
82b 2nd output
82z 1s, input
82y 2ndinput

Multi-positionswitch
83 Input
83a Output, position 1
83b Output, position 2
83L Output, left position
83R Output, right position

Current relays
84 Input, actuator and elay contact
84a Output, actuator
84b Outputrelay contact

Switchingrelays
85 Output, actuator

(winding end negative
or ground)

86 Input, actuator
(winding start)

86a Winding start or 1 winding
86b Winding tap or 2nd _ndi

Relay contact for break (NC)
and changeover ccntacts:

87 Input
87a 1 ' output (NC switch side)
87b 2nd output
87c 3rdo output
87z in input
87y 2" input
87x 3rO input

Relay contact for make (NO)
contact:

88 Input
Relay contact for make (NO)
and changeover contacts
(make side):

88a 1F routput
88b 2nd output
88c 3d output

Relay contact for make (NO)
contact

88z st input
88y 2nd input
88x 3rd input

Direction indicators
(turn-signa l flashes)

C Indicator lamp 1
CO Main terminal for monitoring

circuits separate from flasher
C2 Indicator lamp 2
C3 Indicator lamp 3 (e.g. when

towing two trailers)
L Turn-signal lamps. left
R Turn-sional lamos rioht
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Assembled-represen-
tation diagrams

For trouble-shooting on complex and ex-
tensively networked systems with self-di-
agnosis function, Bosch has developed
system-specific schematic diagrams. For
other systems on a wide variety of vehi-
cles, Bosch provides the assembled-rep-
resentation diagrams on a "P" CD-ROM.
They are fully integrated in ESI, the Elec-
tronic Service Information system from
Bosch. This provides automotive repair
shops with a useful tool for locating faults
or connecting up retrofit equipment. An
assembled-representation diagram is
shown opposite.

In contrast with other schematic dia-
grams, the assembled-representation di-
agrams use American symbols that are
supplemented by additional descriptions
(see below). Those include component
codes such as "A28" (Anti-theft system)
that are explained in Table 1, and wire
color codes (explained in Table 2). Both

Additionat descriptions on assembled-
representation diagrams
I Wire color code, 2 Connectornumber,
3 Pin number (a dotted line between pins
indicates that all pins are in the same
connector.

3- 2 3 4 2

1 GAN/
BLU

2

those tables are available on the "P" CD-
ROM.

Table 1 Explanation of component
codes

Code Description
A1865 Electrically adjustable seat

system
A28 Anti-theft system
A750 Fuse/relay box
F53 Fuse C
F70 Fuse A
M334 Fuel-supply pump
S1178 Warning-buzzer switch
Y157 Vacuum actuator
Y360 Actuator, right front door
Y361 Actuator, left front door
Y364 Actuator, right rear door
Y365 Actuator, left rear door
Y366 Actuator, fuel filler flap
Y367 Actuator, trunk lid/ailgate

Table 2 Explanation of wire color
codes

Code Description
BLK Black
BLU Blue
BRN Brown
CLR Clear
DKBLU Dark blue
DKGRN Dark green
GRN Green
GRY Gray
LTBLU Light blue
LTGRN Light green
NCA Color not known
ORG Orange
PNK Pink
PPL Purple
RED Red
TAN Tan
VIO Violet
WHT White
YEL Yellow

2
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Circuit diagrans 855

Assembled-representation diagram of a door locking sysrem (example)

-F7 F53 I A750

M334

.,"

A20

Y157

Y355

A1865

I '1 7 1

~IY1~7~

-j
A28

. rY357

Y360

y15

Y364

Pn

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1396



856 Circuit diagrams

The assembled-representation diagrams
are subdivided into system circuits and, if
applicable, subsystems (see Table 3). As
with other systems in ESI, system circuits
are also allocated to one of the four vehi-
cle subassemblies:
- engine,
- body,
- wheels and suspension, and
- drivetrain.

Table 3 System circuits

1 Enginemanagement
2 Starting/charging
3 Air conditioning/heating fHVAC)
4 Radiator tan
5 ABS
6 Cruise control
7 Power windows
8 Central locking system
9 Instrumentpanel
10 Washer/wipersystem
11 Headlamps
12 Exterior lights
13 Electricity supply
14 Grounding
15 Data line
16 Lockout
17 Theft-deterrence
18 Passive-safety systems
19 Power antenna
20 Warning systern
21 Heated rear-window/mirrors
22 Supplementary safety systems
23 Interior lighting
24 Power steering
25 Mirror adjuster
26 Soft-top controls
27 Horn
28 Trunk, tailgate
29 Seatadjutmen
30 Electronic damping
31 Cigarette lighter, socket
32 Navigation
33 Transmission
34 Active body components
35 Vibration damping
36 Mobilephone
37 Radio/Hi-Fi
38 Immobilizer

It is important to be aware of the ground-
ing points, particularly when fitting addi-
tional accessories. For that reason, the
"P"CD-ROM includes the vehicle-specific
location diagram for the grounding points
(see below) in addition to the assembled-
representation circuit diagrams.

Grounding points
1 Left front wing,2 Front end, 3 .ngine,
4 Bulkhead, 5 Right front wing, E Footwoll
bulkhead/dashboard, 7 Left fron door
8 Right front door, 9 Left rear door 10 Right
rear door 11 A pillars, 12 Passenger
compartment 13 Root, 14 Rear end,
15 C pillars 16 B pillars

/-- -

12

The assembled-representation diagrams
use American diagram symbols which are
different from the DIN/lEC symbols. A se-
lection of the American diagram symbols
is shown on the opposite page.

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1397



Circuit diagrams 857

Selection of American diagram symbols

Relay

Normally closed
contact

Normally open
contact

Two-way switch
with zero position

Fuse

Power fuse

LED
(light-emitting diode)

Incandescent lamp
(bulb)

T

Resistor

Plug, screw or
soldered connection

Component with

fixed wiring harness

Connection box with
ground terminal

Ground cable

Line connection

Dotted line:
indicates a single
connecting point

Circuit is continued in
another circuit diagram

Circuit is continued at
another ponlt. Idntical
letters indicate the
connecting point

The entire comp nent
is illustrated

Only the part of 1he
component relevant to
the system is illustrated

Potentiometer

Motor

Coil
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858 Calculation of conductor sizes

Calculation of conductor
sizes
Units and symbols

Symbol Unit

A Conductor cross section
I Electric current
I Conductor length
P Power required

bylIoad
R Resistance (ohmic)

(loads)
S Current density of

conductor
UN Nominal voltage
U, Permissible voltage

drop along insulated
wire

U, Permissible voltage
drop across complete
circuit

0 Resistivity

mm2

A
m

0A/mn

Almm
2

V

V
Q - mm

2/M

Calculations
In determining the conductor cross sec-
tion, allowance must be made for voltage
drop and the effect of elevated tempera-
tures.
1. Determine the current lot ]he load

I= P/UN = UN/R
2. Calculate conductor cross-sectional
area A using figures for Uj given in Table
2 (for copper o = 0.0185 n mm2lm).

A= I p yI
3. Round-off the value for A 0 the next
larger conductor cross section in accor-
dance with Table 1.
Individual conductors with a cross-sec-
tional area of less than 1 mm are not to
be recommended due to their nadequate
mechanical strength.
4. Calculate the actual voltage drop U

U,, = / ) p/A and
5 Check current density S to make sure
heat generation is within permissible lim-
its (for short-duty operation S < 30 A/mm 2,
see Table 1 for nominal conductor cross-
sectional areas and permissiLle continu-
ous currents for continuous duty)

S = I/A

Table 1. Electrical copper conductors for motor vehicles
Single-core, untinned, PVC-insulated. Permissible working temperature: 70C.2)

Approx.
number of
individual
strands')

Maximum
impedance
per meter')
at+20C

m lm

Maximum
conductor
diameter')

mm

Nominal
thickness
of insula-
tion<)

mm

Maximum
external
diameter
of insulated
wire')
mrnm

Permissible continuous
current (guide figure)2) at
ambient temperature of
+30'C +5000

A A

1 32 18.5 1.5 0,6 27 19 13.5
1.5 30 12-7 1.8 0.6 3.0 24 17.0
2.5 50 760 2.2 0.7 36 32 22.7
4 56 4.71 2.8 0.8 4.4 42 29.8
6 84 3.14 3.4 08 50 54 38.3

10 80 1.82 4.5 1.0 6.5 73 51.8
16 126 1.16 6.3 1.0 8.3 98 69.6
25 196 0743 7.8 1.3 10.4 129 91.6
35 276 0.527 9.0 1.3 11.6 158 112
50 396 0.368 10.5 1.5 135 198 140
70 360 0.259 12.6 1.5 15.5 245 174
95 475 0-196 14.8 1.6 18.0 292 207

120 608 0153 16.5 1.6 19.7 344 244

) To DIN SO 6722, Part 3.
2) To DIN VDE 0298, Part 4.

Nominal
conduc-
tor cross-
sectional
area
mm2
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The values given for U, in Table 2 are
used to calculate the dimensions of the
positive conductor. The voltage drop in
the ground return is not taken into ac-
count, In the case of insulated ground ca-
bles, the total length in both directions
should normally be used.

The U, values given in the table are
test values and cannot be used for con-
ductor calculations because they also in-
clude the contact resistance of switches,
fuses, etc.

Calculation of conductor sizes 859

Notes
I Inspecialcaseswherethestarter-motormain

lead is very long and the minimum staring
temperature is reduced, the .,> figure may
possibly be exceeded.

2 If the starter-motor main return lead is insu-
lated, the voltage drop along the return lead
shouldnotexceedthatforthesupplylead; the
permissiblefigureis4%oftheratedvoltagein
each case and8% in total.

3 Thet figures apply to starte solenoid tem-
peratures of between 50 and 8 0 C.

4 Alsomakeallowancefortheleedtothestarter
switch ifnecessary

Table 2. Recommended max. voltage drop

Type of conductor

Nominal voltageUN

Lighting cables
From light switch terminal 30

to bulbs <15 W
to trailer socket

From trailer socket
to ights

Voltage drop
across positive
conductor
IL
12 V

0.1 V

24 V

01 V

Voltage drop across Remarks
complete circuit |

12 V

0.6 V

24 V

0,6 V

Fromlight switch terminal 30 0-5 V 0,5 V 0,9 V 0-9 V
to bulbs >15 W
to trailer socket

From light switch terminal 30
to headlamps

Charging cable
From 3-phase alternator terminal B +

to battery

0.3 V

0.4 V

0.3 V

0.8 V

0.6 V 06 V

Current at rated
voltage and
rated power

Current at rated
voltage and
rated power

Starter power cable 0.5 V 1.0- Stater short-
circuitcurrent
at±+20t0
(No es 1 and 2)

Starter control cable
From ignition switch to starter
terminal 50
Solenoid switch with single winding 1.4 V 2, 0V 1.7 V 2,5 V Maximum

conrol current
Solenoid switch with engagement (Noes 3 and 4)
and hold winding 1.5 V 2.2 V 19 V 2.8 V

Other control cables
From switch to relay, horn, etc. 0.5V 1.OV 1.5V 2.0 V Curent at rated

Voltage
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860 Vehicle electrical system/Connectors

Connectors

Function and requirements
Electrical connectors must provide a reli-
able electrical connection between differ-
ent system components and thereby en-
sure safe and reliable operation of the
systems concerned under all operating
conditions. They are designed to with-
stand the various stresses they can be ex-
pected to be subjected to during the ser-
vice life of the vehicle. Examples of such
stresses are:
- vibration,
- temperature fluctuation,
- extreme temperatures,
- damp and splash-water,
- corrosive fluids and gases, and
- micro-movement between contacts re-

sulting in frictional corrosion.

Such stresses can increase the contact
resistance between mating connectors
and even cause complete loss of conduc-
tion. The insulation resistance can also be
reduced, thereby causing short circuits
between adjacent conductors.

Electrical connectors therefore must
have the following characteristics:
- low contact resistance between cur-

rent-carrying components,
- high insulation strength between cur-

rent-carrying components with different
electrical potentials,

- high sealing capabilities against water,
damp and saline spray,

In addition to their physical properties,
connectors must also satisfy other re-
quirements specific to their particular
area of application such as:
- straightforward and foolproof connec-

tion/disconnection in vehicle assem-
bly/servicing situations, non-reversibil-
ity,

- secure and perceptible locking action,
straightforward release,

- toughness and suitability for automated
wiring-harness manufacture and trans-
port

Types of design

There is a range of design series span-
ning the variety of applications for Bosch
electrical connectors. The various de-
signs incorporate the types f contact
specifically suited to the conditions in
which they are used. Below are examples
of two types of contact and their charac-
teristics.

Bosch micro-contact
This tin or gold-plated contact which fits a
0.6 mm contact pin has been secially de-
signed for a pin spacing of 2.5 mm, high
thermal resistance (155C) ard high re-
sistance to vibration. It is suited to use in
multi-pin connectors because it allows
very compact connector dimensions.

The contact consists of two parts. One
performs the conducting function and the
other (steel spring sleeve) provides the
contact pressure (normal contact force).

The steel spring sleeve ma'ntains the
contact pressure even at higt tempera-
tures and for the complete service life of
the vehicle. The higher forces that are
then necessarily required to connect and
disconnect the connector are reduced by
a special connector-locating fecility. This
also ensures the connector is precisely
aligned so that the contacts or pins can-
not be damaged by twisting or Dending.

The complete connector is sealed
against the male connector on the ECU
concerned by a circumferential radial seal

Bosch micro-contact
I Steel spring sleeve, 2 Locking spring
(primary spring), 3 Single core (rnblti-strand)
4 Insertion radius, 5Contactbody,
6Conductorcrimp7insulation crimp.

1 2 34

5 6 7
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Vehicle electrical system/Connectors 861

in the connector casing. This, together
with three sealing 11ps, ensures a reliable
seal against the ECU sealing collar.

The contacts are protected against the
ingress of damp along the cable by a flat
seal through which the contacts are
passed with the wire crimped to them.
The flat seal is made of a silicon gel and
replaces the conventional individual core
seal while at the same time making it pos-
sible to substantially reduce connector
size and to vary contact usage (different
numbers of contacts used).

The flat seal forms a reliable seal on its
inner surfaces against the insulation of
the wires.

When the connector is assembled, the
contact with the wire attached is pushed
through the flat seal that is already in
place in the connector and the contact
slides home into its position in the contact
holder, There, it automatically locks into
position by virtue of the locking spring,
When all contacts are in position, a sliding
pin provides a secondary locking mecha-
nism. This is a supplementary locking fa-
cility and increases the security of the
connector against inadvertent withdrawal
of the wire and contact by force.

Bosch sensor/actuator contact
The Bosch sensor/actuator contact is
used for 2...7-pin compact connectors
which connect engine-compartment com-
ponents (sensors and actua:ors) with the
ECU. The pin spacing of 5 mm allows for
the physical strength required.

The Bosch sensor/actuator contact has
an internal meander-shaped design
which reliably prevents vibration transmis-
sion from the cable to the contacts. This
ensures that there is no relative move-
ment of the contact surfaces that might
lead to corrosion.

The compact connector I-as individual
core seals which prevent the ingress of
dampness into the contact area. Three
sealing lips on the connectcr casing pro-
vide the pressure to ensure there is an
adequate seal against splash-water and
other sources of damp.

The self-locking snap-on connectors
with additional release facility ensure
ease of connection and disconnection in
vehicle assembly and servicing situa-
tions. The connector is released by press-
ing a point marked by a ribbed surface

The typical uses for this type of contact
include connectors on diesel-engine com-
ponents (e.g. common-rail pressure sen-
sor, fuel injectors) and gasoline-engine
components (e.g. fuel injectors, knock
sensor).

Multi-pin connector with micro-contacts
(section)
I Pressure plate, 2 Flat seal, 3 Radial seal,
4 Sliding pin (secondary locking facility)
5 Contact holder 6 Contact

4{J

Bosch sensor/actuator contart
I Steel spring sleeve, 2 Single core (multi-
strand), 3 Conductor crirmp, 4 rsuation
crimp, 5 Meander

1 2 3

-4-
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862 Automotive electrical systems/Energy supply

Automotive electrical
systems

Energy supply

The vehicle must be able to draw upon
sufficient reserves of electrical energy to
satisfy a number of requirements. The
available current supply must be capable
of ensuring that the vehicle can be started
and operated at all times. Operation of
electrical accessories for a reasonable
period of time with the engine off should
not make subsequent engine starts im-
possible. Battery, starter, alternator and
the electrical system as a whole must be
designed for mutually compatible opera-
tion. The optimization criteria for the best
possible combination are light weight,
small volume and low fuel consumption.
Low fuel consumption is generally the
prime consideration. The following factors
must receive special consideration:

Starting temperature
The lowest temperature at which the en-
gine can be started depends upon a num-
ber of factors including the battery (ca-
pacity,  internal resistance, state of
charge, etc.) and the starter (size, with or
without intermediate transmission, electri-
cal/permanent-magnet excitation, etc.). If
the engine is to be started at a tempera-

Ile starting temperature as a
n of battery charge

pMinimum charge.

Possib
functio

.C
-10

15

-20

-25

151

------

Flat Charged

State of battery charge

ture of -20'C, forexample, the battery
must have a given minimum state of
chargep.

Alternator output
The current output of the alternator varies
as a function of engine speed. The alter-
nator can only supply a certain percent-
age of its rated current at idle n. If thecur-
rent 1v consumed by the loads is greater
than the current lc supplied by the alter-
nator, e.g. when the engine is dling, the
battery will discharge. The voltage of the
vehicle's electrical system will then drop.

If on the other hand, the current draw lv
is less than the current 1, from the alter-
nator, some of this current difference is
used for battery charging IB.

Driving
The speed at which the alternator turns
depends upon the particular type of oper-
ation for the vehicle in question. The cu-
mulative speed frequency d stribution
shows how often a certain speed is
achieved or exceeded during vehicle op-
eration.

Owing to traffic congestion o stops at
traffic lights, a passenger car driven in
commuter traffic is run at idle a high per-
centage of the time. Under highway dri-
ving conditions, on the other hand, the
percentage of time the vehicle is run at
idle is generally lower Additional idle time
is accumulated by city buses because

Alternator current output tl as a function
of alternator speed
1, Current drawn byloads,

L Engine idle speed.

Battery
discharging Charging

ArnL
Alternator speed -- a-

Battery
--- 44Ah

55 Ah

1p55 p44
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Automotive electrical systems/Energy supply 863

they must make frequent stops. The state
of charge of the battery is further reduced
when loads must be left on with the en-
gine turned off (e.g., at bus terminals).
Long-distance tour buses generally run
only a small percentage of the time at idle.

Electrical loads
Electrical loads have different duty cycles.
A differentiation is made between contin-
uous loads (ignition, fuel injection, etc.),
long-time loads (lighting, heated rear win-
dow, etc.) and short-time loads (turn sig-
nals stop lamps, etc.).U se of some elec-
trical loads is seasonal (air conditioners in

summer, seat heaters in winter). The on-
time of electrical radiator fans depends
upon temperature and driving conditions.
In winter, lights are generally used when
driving in commuter traffic.

The electrical demands encountered
during vehicle operation are not constant.
The initial minutes following starting are
generally characterized by high demand
(for heating or cooling) with a subsequent
sharp drop in current draw:
1. In the future, electrically heated cat-
alytic converters will require additional
power of 1 .4 kW in order to reach oper-
ating temperatures of >300'C within

Equipment power consumption as a function of duty cycle

Load Power Average power
consumption outpit

Motronic, elcric fuel pump 250W 250 W
Radio 20W 20 W

Side-marker Larps 8W7 W
Low-beam headlamps 110W 90 W
License-plate lamp, tail lamps 30W 25 W
Warning lamp, instruments 22W 20 W
Heated rear window 200W 60 W
Interior heating, fan 120W 50W
Electric radiator fan 120W 30W
Windshield wipers 50 10 W
Stop lamps 42W 11 W
Turn-signal lamps 42W5 W
Front fog lamps fl0w 20 W
Fog warning lamp 21W2 W

Total
Installed loads 1145W
Average power consumed by loads 600 W

Electrical power consumption asa
function of driving time
ICatalytic-converter heater, 2 Secondary- air
pump, 3 Heater, blower engine managementetc.

kW

3

2

1-

0OL I
0 5 10 15mn

Driving time

E

CD

0

Cumulative engine-speed frequency for
city and highway driving

%
100 100 Idle percentage

~50 - city ~ Freeway

E

0
Engine speed-

2
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864 Automotive electrical systems/Energy supply

10.30 s after the vehicle is started (ac-
tual figures vary according to engine size
and emissions-system design).
2. The secondary-air pump responsible
for supplying air immediately downstream
of the combustion chambers for exhaust-
gas afterburning, can operate for up to
200s after the engine is started.
3. Other electrical equipment such as
heaters (including defrosters, etc.), blow-
ers and lighting systems draw current for
various periods, while the engine-man-
agement system remains in continuous
operation.

Charging voltage
The battery charging voltage must be
higher in cold weather and lower in warm
weather in order to accommodate the
chemical processes which take place in-
side the battery. The gassing voltage
curve indicates the maximum permissible
charging voltage at which the battery
does not "gas".

Vehicle loads require a voltage which is
as constant as possible. The voltage ap-
plied to lamp bulbs must have very close
tolerances so that lamp-bulb service life
and light intensity remain within specified
limits. The voltage regulator limits the
maximum voltage. It affects the lowervolt-
age limitwhen the potential alternator cur-
rent I is larger than the system's load-
current requirement Iv, The voltage regu-
lator is usually mounted on the alternator.

Dynamic system characteristics
(EnvelopesforcThydriving)
I with large alternator and small battery
2withsmallaternatorandlargebattery

am

5

I 121 I

Discharging 0 Charging
-B Battery current +1B

In the event of significant deviations be-
tween the temperature of the voltage reg-
ulator and that of the battery electrolyte, it
is advantageous to monitor the voltage-
regulation temperature directly at the bat-
tery. It is possible to compensate for the
voltage loss in the charge cable between
the alternator and the battery by using a
regulator to monitor actual voltage directly
at the latter (over a supplemertary wire)

Dynamic system characteristics
The interrelationships between the bat-
tery, alternator, loads, temperature, en-
gine speed and engine/alternator speed
ratio define the system's dynamic re-
sponse pattern. It is dynamic because it
varies along with each combination of pa-
rameters and each set of operating condi-
tions. An xy-coordinate graph recorder
can be connected to the battery terminals
to plot dynamic response patterns.

Charging-balance calculation
The charging-balance calculation must
take into consideration the above-men-
tioned influencing variables. A computer
program is used to determine he state of
battery charge at the end of a typical dri-
ving cycle. A typical passenger-car cycle
consists of vehicle operation in commuter
traffic (engine speeds are low) combined
with winter operation (at which time
charging-current consumption by the bat-
tery is low). Summer operatior may place
even greater loads on the system when
the vehicle is equipped with ai air condi-
tioner (high current draw). The battery's
charge at the end of the cycle must - at
the very least - be sufficient to allow a
subsequent engine start at the tempera-
ture in question.

Vehicle electrical system
The voltage level in the vehice electrical
system, and thus the battery charge, are
also affected by the wiring between alter-
nator, battery and electrical leads. If all
loads are connected on the battery side,
the total current in the chargiig cable is
l,= 1I + t v, The charging voltage is lower
owing to the high voltage drop If all loads
are connected on the alternator side, the
voltage drop is less and the charging volt-
age is higher. This could be disadvanta-

V
14

1'3

I13-I

2

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1405



Automotive electrical systems/Energy supply 865

geous to loads (such as electronic cir-
cuitry) which are sensitive to voltage peaks
or high voltage ripple. Those electrical de-
vices which feature high current draw and
relative insensitivity to overvoltage should
therefore be connected at the alternator,
and voltage-sensitive loads with low cur-
rent draw should be connected at the bat-
tery. Voltage drops can be minimized by
suitable conductor cross sections and
good connections whose resistance re-
mains low even after a long period.

Future automotive electrical systems
Within the standard 12-volt automotive
electrical system, the battery represents a
compromise between (to some extent)
conflicting requirements: its capacity must
be selected with reference to starting re-
quirements as well as on-board current
supply. During the engine starting se-
quence, the battery is subjected to high
current loads (300.,500 A). The associ-
ated voltage dip has an adverse effect on
certain electrical consumer units (e.g.
units with microcontroller). In contrast,
current draw in standard operation
- where battery capacity is the salient fac-
tor - is minimal. It is not possible to opti-
mize both criteria within a single battery.

Future automotive electrical systems
will feature two batteries (separate accu-
mulators for starting and other electrical
requirements); the "high power for start-
ing" and "general-purpose electrical sup-

Vehicle electrical system with toads
connected to alternator and battery
I Alternator 2 High-draw electrical devices,
3 Low-draw electrical devices, 4 Battery

I

1 2 3 4

ply" functions will be separated. This will
make it possible to avoid the voltage col-
lapse that attends the starting process
while ensuring reliable cold starts, even
with the general-purpose battery dis-
charged to 30% of its capacity.

Starter battery
The starter battery must supply substan-
tial current, but only for a limited period
(during starting), Compact dirensions al-
low installation in the immediate vicinity of
the starter motor with correspondingly
short connection cables. Capacity can
also be reduced. To ensure consistently
high charge factors, this battery features a
nominal rating of 10 volts. Because the
voltage is lower than the 12 V of the other,
general-purpose battery, the starter bat-
tery has charging priority.

Charging and isolation module
This module isolates the starter battery
with starter from the rest of tie electrical
system during starting and when the en-
gine is off. This arrangement crevents the
on-board voltage collapse associated with
starting, while also protecting the starter
battery against discharge when electrical
systems operate with the encine off.

General-purpose battery
This battery is consigned exclusively to
supplying the vehicle's elect'ical system
(excluding the starter). It supplies rela-

Future electrical system
1 Starter, 2 Charging and insulationmodule,
3 Starter battery, 4 Aternato5Electrical
loads, 6 Engine management, 7 General
purpose battery

12V

2

1 4 5 6 7

mom
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866 Automotive electrical systems/Batteries

lively low currents (e.g., roughly 20 A for
the engine-management system), but is
also designed to deal with major cyclical
variations; assuming adequate capacity
and electrical demand that remains within
the discharge range, this unit can store
and furnish substantial amounts of en-
ergy. Design dimensions are selected
based on capacity reserves for electrical
equipment (e.g., parking lights, hazard-
warning flashers), constant-draw devices
and maximum specified discharge level.

Enhanced-performance versions
Progressively more powerful systems
are envisaged for vehicles with extremely
high power requirements. Among the po-
tential design options could be:
- current supply to the engine-manage-

ment system is from the starter battery
instead of the general-purpose unit, or
the system can alternate selectively be-
tweenthetwo,

-the starter battery is also a 12 V unit;
more complicated design is then
needed to ensure that it retains charg-
ing priority,

- nominal voltage > 12 V,
- multiple-voltage networks featuring a

-12 V (or -24 V) circuit installed parallel
to the +12 V supply circuit, providing po-
tential supplementary supplies of 24V
(or 36 V) from the outside conductor
sections of the two circuits,

- application of two alternators.

Selection of a particular option will de-
pend upon the precise objectives that the
on-board circuit concept is to fulfill (for ex-
ample, priority on avoiding voltage col-
lapse during starting, weight savings, en-
hanced starting reliability).

Fuel consumption
A small portion of the fuel used by the ve-
hicle is used to drive the alternator
and transport the combined weight of
starter, battery, and alternator (approx.
5% in a medium-sized car)

Average fuel consumption per 100 km:
For a weight of 10 kg: approx. 0.1 1, for
100 W of drive power: approx.0.11. Alter-
nators with high levels of efficiency at part
load therefore help to reduce fuel con-
sumption despite being slightly heavier.

Starter batteries

Requirements
Modern vehicles are placing noreasingly
exacting demands on starter batteries:
Enhanced cold-starting power (higher
currents, especially at low temperatures)
is needed with diesel engines, while vehi-
cles equipped with large numbers of so-
phisticated electrical accesscries require
large amounts of electrical energy, not
only when driving, but also when station-
ary. Maintaining a positive charging bal-
ance is especially difficult with frequent
town and commuter driving ii winter be-
cause these are always acccmpanied by
substantial current consumption.

Within the automotive electrical sys-
tem, the battery assumes the role of a
chemical storage unit for the electrical en-
ergy produced by the alterna:or The bat-
tery must be capable of limited-duration
high-current delivery for sta'ting, and it
must be able to furnish some or all of the
electrical energy for other important sys-
tem components for limited seriods with
the engine at idle or off. The Ilad-acid ac-
cumulator battery represents the usual
means of meeting these demands. Typi-
cal system voltages are 12 V for passen-
ger cars, and 24 V for commercial vehi-
cles (achieved by connecting two 12 V
batteries in series).

Batteries must be specifically designed
to meet individual system requirements
for starting power, capacity and current
consumption at temperatures ranging
from approx. -30..,+70'C. There are also
additional specifications which must be
satisfied for particular applications (e.g.,
maintenance-free batteries, vibration-
proof batteries),

Lead-acid batteries

Charging and discharging
The active materials in a leao-acid battery
are lead oxide (PbO?) on the positive
plates, spongy, highly porous lead (Pb) on
the negative plates and the electrolyte, di-
luted sulfuric acid (H2S04). The elec-
trolyte is simultaneously an ion conductor
for charging and discharging. In juxtaposi-
tion with the electrolyte, P0O2 and Pb
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Automotive electrical systems/Batteries 867

Density and freezing point of diluted sulfuric acid

Stateof FBatery Electrolytedensity Freezng point
charge design kg/1hi

Charged standard 1.28

tropicalized 1-23 -40

Haltcharged standard 1.16/1.202) -17.. -27

tropicalzed 1._13/1,162) -13.. -17

Discharged standard 110411.122) -31--1
topicatized 1 )-2..--8

) At 20C: The specific gravity of the electrolyte
decreases as the temperature rises, and increases
as the temperature drops at a rate of around
0.01 kg/I per 14 K difference in temperature,

Element Charged Discharged

Positive plate PbO, PbSO4

Electrolyte 12 xH 2SO4  2xH2C

INegative plate Pbo PbSC,

adopt typical electrical voltages (individ-
ual potentials) the magnitudes of which
(disregarding polarity) are equal to the
sum of the cell voltages measurable from
the outside. At rest, the cell voltage is ap-
prox. 2 V increasing during charging and
decreasing when the cell is subjected to a
load. When the cell discharges, PbO2 and
Pb combine with H 2SO to form PbSO,
(lead sulfate). This conversion causes the
electrolyte to lose SO4 (sulfate) ions, and
its density decreases. When the cell
charges, the active materials PbD 2 and
Pb are reconstituted from the PbSO 4.

If the charging voltage continues to be
applied after the cell has reached a state
of full charge, only the electrolytic decom-
position of water occurs, producing oxy-
gen at the positive plate and hydrogen at
the negative plate (oxyhydrogen gas).
Electrolyte density can be used as an in-
dication of the state of charge of the bat-
tery The accuracy of this relationship de-
pends upon battery design (see table be-
low showing "acidity levels") as well as
electrolyte stratification and battery wear
with a certain degree of irreversible sulfat-
ing and/or a high degree of shedding of
the plate material.

Behavior at low temperatures
Basically, the chemical reactions in an ac-
cumulator battery take place more slowly

2) Lower figure: High electrolyte LtilizationW
Higher figure: Low electrolyte util zation.

at lower temperatures. The starting power
even of a fully charged battery therefore
decreases as the temperature drops. The
more the battery discharges the more di-
luted the electrolyte becomes. This
means that freezing of the e ectrolyte in a
discharged battery is very likely. Such a
battery is only capable of supplying a low
current which is not sufficient for starting
the vehicle.

Battery characteristics

Designation
In addition to mechanical parameters
such as dimensions, mountiig and termi-
nal design, batteries are prirnarily charac-
terized by electrical ratings measured

Battery voltage curves as a function ot
discharge time for various discharge
currents
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868 Automotive electrical systems/Batteries

according to specific testing standards
(e.g. DIN EN 60096-1, previously DIN 43
539-2). Starter batteries manufactured in
Germany are identified by a 9-digit type
number, the rated voltage, the rated ca-
pacity and the cold-discharge test current
as per DIN EN 60095-1/A11.
Example: 555 059 042 indicates 12 V,
55 Ah a special type designation (059)
and a cold-discharge test current of
420 A. In the future, this European stan-
dard will become a more widely used bat-
tery-identification convention.

Capacity
Battery capacity, rated in A h, is the cur-
rent which can be drawn from the battery
under specified conditions. Capacity de-
creases as discharge current increases
and temperature decreases.

Noninal capacity 11 0
As defined by DIN EN, nominal capacity is
the charge which the battery can deliver
within 20 h at constant discharge current
down to a cutoff voltage of 10.5 V
(1.75 V/cell). The battery nominal capac-
ity depends upon the quantities of active
material used (positive mass, negative
mass, electrolyte), and is relatively unaf-
fected by the number of plates.

Deliverable capacity as a function of
dischargecurrentandtemperature

.4100 Temperature

C80 2 C_

60

40-

o 20-
0

O0 1 2 A3
Discharge current A-h

Cold-discharge lest current 1c:
(previously l1<p)
This figure provides an index of the bat-
terys current-supply capability at low
temperatures. According to DIN EN stan-
dards, the terminal voltage when dis-
charging at Icc and -18'C must be at
least 7.5 V (1.25 V/cell) 10s after dis-
charge starts. Further details relating to
discharge duration are specified in the
above standard. The short-tine behavior
of the battery when discharged at icc is
largely determined by the number of
plates, their surface area, and the gap be-
tween plates and separator material. An-
other variable which characterizes start-
ing behavior is internal resist.nce R,.

The following equation is true for a fully-
charged battery (12V) at -18'C: R, 5
4 00 0/ 1cc (mQ), where Ic is given in A.
The battery internal resistance and other
resistances in the starter circuit determine
the cranking speed.

Battery design
The 12-volt automotive battery contains
six series-connected, individually parti-
tioned cells in a polypropylene case. Each
cell consists of a positive and negative
plate set. These sets, in turn, are com-
posed of the plates (lead grid and active
mass) andthe microporous material(sep-
arators) which insulates the plates of op-
posite polarities. The electrolte is in the
form of diluted sulfuric acid which perme-
ates the pores in the plates and separa-
tors, and the voids in the cells. The termi-
nals, the cell connectors, ard the plate
straps are made of lead; the openings in
the partitions for the cellular connectors
are tightly sealed. A hot-molding process
is employed to permanently bond the
one-piece cover to the battery case, pro-
viding the battery's upper seal. On con-
ventional batteries, each cell s sealed by
its own vent plug, which when removed
permits initial battery filling and topping-
up during service. When screwed in, the
vent plugs allow charge gases to escape.
Maintenance-free batteries frequently ap-
pear to be completely sealed units, but
they also require escape vents.
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Battery designs

Maintenance-free battery
The maintenance-free battery defined in
DIN standards features lead-alloy grids
with a low antimony content to reduce gas
generation and the attendant water
losses during charging. This prolongs the
electrolyte check intervals to:
- every 15 months or 25,000 km on low-

maintenance batteries, and
- every 25 months or 40,000 km for

maintenance-free batteries (as per
DIN),

There is never any need (and generally no
means provided) to check the electrolyte
level on the completely maintenance-free
(lead-calcium) battery With the exception
of two extremely small vent orifices, this
type of battery is completely sealed. As
long as the electrical system is operating
normally (U= constant), water decompo-
sition is minimal, and the electrolyte re-
serves above the plates will last for the life
of the battery. A lead-calcium battery of
this type also offers the advantage of very
low self-discharge. This means that it can
be stored for several months provided it is
fully charged to begin with. When a main-
tenance-free battery is recharged remote

Maintenance-free automotive battery
I One-piece cover,
2 Terminal-post cover,
3 Cellconnector
4 Terminalpost
5 Frit.
6 Platestrap,
7 Case,
8 Bottom mounting ail,
9 Positive platesinserted

into envelope separators,

from the vehicle's electrical system (i.e.,
with battery charger), the charge voltage
is never to exceed 23...2 V per cell;
overcharging at constant currents, or the
use of chargers with a W cha -ge curve will
always lead to water consumption in the
lead-acid battery

Deep-cycle battery
Due to their particular desigr characteris-
tics (thin plates, lightweight saparator ma-
terials), starter batteries are Doorly suited
for applications in which frequent high lev-
els of discharge occur, as this causes
substantial wear at the positive plates
(particularly through separation and sedi-
mentation of the active material). In the
deep-cycle battery, the separators have
fiberglass mats to provide the positive
mass with extra support and prevent pre-
mature shedding which woLId otherwise
lead to sludge formation. The service life,
as measured in charge/discharge cycles,
is roughly twice as long as that of a stan-
dard battery. Deep-cycle batteries featur-
ing pocket separators and felt layers have
an even longer service life.

Vibration-proof battery
In the vibration-proof battery, an anchor of
cast resin and/or plastic prevents the

124 3 5 6

<HI'K\r 1.r# -

7 8 9 10
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plate stacks from moving relative to the
battery case. According to DIN require-
ments, this type of battery must be capa-
ble of withstanding a 20-hour sinusoidal
vibration test (frequency 22Hz) and a
maximum acceleration of 6 g.In other
words, the test is roughly 10 times as se-
vere as for a standard battery. Vibration-
proof batteries are used primarily in com-
mercial vehicles, construction machinery,
tractors, etc. and are identified by the
code 'R".

Heavy-duty battery
The heavy-duty battery combines the at-
tributes of the deep-cycle and vibration-
proof units. It is used in commercial vehi-
cles which feature extreme vibration lev-
els, and in which cyclic discharge patterns
are commonplace Designation: "HD".

"Kt battery
The Kt (or "S") battery shares the basic
design of the deep-cycle device, com-
pared to which it has thicker plates, but
fewer of them. Although no cold-dis-
charge current is specified for the "Kt" bat-
tery, its starting power lies well below
(35...40%) that of comparably sized stan-
dard units, This battery is used in applica-
tions characterized by extreme cyclic vari-
ations, e.g, as a drive battery (P 576,
'Lead-acid batteries").

Operating states

Charging
Voltage limiting is applied when the bat-
tery is charged in the vehicle. This corre-
sponds to the 1U charging pattern, in
which the charge current drops automati-
cally in response to increasing battery
voltage. The IU method prevents harmful
overcharging and ensures a long battery
service life.

In contrast, many service-station and
home chargers still operate with constant
current or with a W-shaped charging
curve (see diagram of "W" charging
curve). In either case, there ib little or no
reduction in charge current once the bat-
tery is fully charged, resulting in substan-
tial water consumption and corrosion at
the positive grid.

Discharge
Soon after the start of the discharge
process, the battery's voltage drops by a
specific increment; it then remains rela-
tively consistent, falling slowly under con-
tinuing load. The ultimate voltage col-
lapse occurs only just before complete
discharge, upon exhaustion o one or sev-
eral active components (positive mass,
negative mass, electrolyte).

Self-discharge (see also "Batery mainte-
nance" below)
Batteries discharge themselves continu-
ally, even when no loads (e ectrical de-

Battery charging: W-curve
1 Charging voltage, 2 Charging current.
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Battery charging: U-curve
1 Charging voltage, 2 Charging current
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vices) are attached. At room temperature,
a modern low-antimony battery will lose
about 0.1 .0.2% of its total charge each
day. As the battery ages, the rate can in-
crease to as much as 1% per day as a re-
suit of antimony transfer to the negative
plate, and various other sources of conta-
mination. This phenomenon can ulti-
mately lead to battery failure, Rule of
thumb regarding the influence of temper-
ature: The rate of self-discharge doubles
with every 10'C increase in temperature.

The self-discharge rate of the lead-cal-
cium battery is substantially lower (by a
factor of 1:5), and it remains virtually con-
stant throughout the life of the battery.

Battery maintenance
On low-maintenance batteries, the elec-
trolyte level should be inspected in accor-
dance with the manufacturer's instruc-
tions, when indicated, it should be replen-
ished to the MAX mark with distilled or
demineralized water. To minimize self-dis-
charge, the battery should be kept clean
and dry. An additional pre-winter exami-
nation of the electrolyte's specific gravity-
or, should this be impossible, of its open-
circuit voltage - is also advisable. The
battery should be recharged when the
specific gravity is below 1.20 g/ml, or the
open-circuit voltage is under 12.2 V. Ter-
minals, terminal clamps and installation
clamps should be coated with acid-pro-
tection grease.

Batteries temporarily removed from ser-
vice should be stored in a cool, dry place.
The electrolyte's specific gravity and/or
the open-circuit voltage should be
checked every 3-4 months. The battery
should be recharged whenever the fig-
ures drop below 1.20 g/ml or 12.2 V. Low-
maintenance and maintenance-free bat-
teries are best recharged with the IU
method (see "Charging") at a maximum
voltage of 14.4 V. This method allows ad-
equate charging times in the order of 24
hours without any attendant risk of over-
charging. Ifa constant-current or W-curve
battery charger is used, the current (in A)
should be reduced to max. 1/10 of the
nominal capacity when gassing is seen to
start, That is, for example, 6.6 A for a
66 Ah battery. The battery charger should

be switched off about 1 hour afterwards.
Ventilate the charging area (explosive gas
formation, risk of explosion, no naked
flames or sparks).

Battery malfunctions
Battery failures which are traceable to in-
ternal faults (such as snort circuits
accompanying separator wear or loss of
active mass, broken connections between
cells and plates) can rarely be rectified by
repair. The battery has to be replaced. In-
ternal short circuits are indicated by major
variations in the specific-gravity readings
between cells (difference between max.
and min > 0.03 gmi). It is frequently pos-
sible to charge and discharge a battery
with defective cell connecthrs provided
that the currents remain snall, but at-
tempts to start the engine will result im-
mediately in total voltage col apse, even it
the battery is fully charged.

If no defects can be found in a battery
which consistently loses its charge (indi-
cation: low specific gravity in all cells, no
starting power) or is overcharged (indica-
tion: high water loss), this suggests a mal-
function in the vehicle's electrical system
(alternator faulty, electrical equipment re-
mains on when the engine i switched off
due to faulty relays for instance, voltage
regulator set too high or too low, or regu-
lator completely inoperative) When a bat-
tery remains severely discharged for a rel-
atively long period, the PbSD4 crystals in
the active mass become coarse, making
the battery more difficult to recharge.
Such a battery should be recharged by
applying a minimal charge current (ap-
prox. 1/40 of the rated capacity in A) for
roughly 50 hours.

Safety precautions

Han jjqg
Before fitting a new starter battery, the
manufacturers instructions should be
carefully read in order to avo d safety haz-
ards resulting from incorrect handling
The possible dangers originate from the
sulfuric acid in the battery and the explo-
sive gas (mixture of hydrogen and oxy-
gen) formed during battery charging. Tip-
ping the battery for extended periods or
carelessness during electrlyte checks
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can lead to burns from the sulfuric acid.
Extra caution should be taken during
charging and when connecting and dis-
connecting jumper cables immediately af-
ter charging dueto the danger of the oxy-
hydrogen gas exploding.

The explosive gas mixture created by
the charging process can be ignited by a
sufficiently high level of thermal energy.
For that reason, naked flames must not
be permitted in the vicinity of batteries.
Spark formation, e.g. by sudden opening
or closing of electrical circuits, should be
avoided and the generation of static elec-
tricity by transfer (carpets) or by rubbing
with woolen or artificial fabrics must also
be prevented. For the reasons listed
above, battery-charging areas should al-
ways be well-ventilated, while protective
goggles and gloves should be worn when
handling the battery-

In order to prevent sparks when the bat-
tery is connected or disconnected, all
electrical equipment must be switched off,
and the terminals must be connected in
the proper sequence. The rules are as fol-
lows:
-. When installing the battery, always con-

nect the positive cable first, and the neg-
ative cable last. When removing the bat-
tery, first disconnect the negative, and
only then the positive cable (assuming
that negative is ground).
When connecting a charger or an exter-
nal battery to boost a low battery which
remains installed in the vehicle, always
start by connecting the positive terminal
of the battery being charged to the posi-
tive terminal of the external booster.
Then connect the negative cable from
the external charger or booster battery to
an exposed metallic surface on the vehi-
cle, at least 0.5 m away from the battery.

-Always disconnect the cable from the
negative terminal before commencing
work in the vicinity of the battery or on
the vehicle's electrical system. Short cir-
cuits (with tools) generate sparks, and
can also cause injury.

Testing starter batteries
The specifications and test procedures for
standard automotive starter batteries are
defined in DIN EN 60095-1. Those tests

are suitable for determining ard monitor-
ing the quality of new starter batteries but
do not claim in any way to fully reproduce
the enormous variety of possible de-
mands to which a battery might be subject
in practical use.

Battery testers
The purpose of a battery test is to ascer-
tain the starting power, condition, charge
level and voltage of a battery. Testers for
starter batteries make a distnction be-
tween the no-load test and the under-load
test.

Under-load test
Inthecase of the under-load tEst, the bat-
tery is subjected to a current load compa-
rable with that which occurs when starting
the engine (up to several 100 A). The volt-
age dip AUwhile this load is applied, and
the voltage rise AU during the recovery
phase after the load is removed, are crite-
ria for assessing the starting power and
the condition of the battery. In order to be
able to give a percentage figure for the
starting power, the AU level rreasured is
compared with the figure specified for a
correctly functioning battery. This spec-
fied level is dependent on the size of the
battery and is preselected by ihe user by
entering the battery capacity or the cold-
discharge test current. The charge level is
ascertained on the basis of ihe battery
voltage.

The advantage of the under-load test is
the reliable detection of ever the finest
hairline cracks in the battery's cell con-
nectors and lead plates,

The under-load period of around 30
seconds corresponds to the current draw
for several starting attempts, and this has
a negative effect on the battery charge
level.

No-load test
In the no-load test, the battery is sub-
jected for a few seconds only to a low-fre-
quency, square-wave current of between
approx. 0.25 Aand 2 A. This load super-
imposes an alternating curren. in the mil-
livolt range on the battery direct current.
An assessment of the starting power and
the condition ot the battery can then be
made on the basis of the signal amplitude
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and signal wave-form of this alternating
current. In order to assess the battery
condition and starting power using the no-
load test, the cold-discharge test current
of the battery being tested must be en-
tered in thelester,

The advantages of the no-load test are
minimal discharge of the battery being
tested and the speed of the test.

Battery chargers

Charging curves
The most commonly used charging pat-
tern is the "W" curve. The chargers in
such cases are generally non-regulated.
Due to the battery's and the charger's in-
ternal resistances, these chargers re-
spond to increasing battery voltage by
steadily lowering the charge current
(charging times 12...24 hours).

Because these W-curve chargers do
not incorporate any means for limiting the
charging voltage, they are only condition-
ally suitable for use on maintenance-free
batteries. For these, chargers should be
used which operate according to the I1,
IWU, or WU pattern.

With the IU curve, the lead-acid battery
(2.4 V per cell) is supplied with constant
charging current (to protect the charger
against overload) until gassing com-
mences. The charging voltage is then
held constant and the charging current re-
duced sharply (to protect the battery
against overcharging). Provided that the
initial charging current is high enough,
recharging times (to 80 % of full charge) of
<5 hours can be achieved with lU charg-
ers.

Special variations of both the IU and
the W charging patterns are available
(e.g., Wa, WoW, IUW etc.). These can be
applied in combination to meet individual
demands for charging time, terminal volt-
age and freedom from maintenance.

Chargg current and voltage settings
On chargers with controlled charging pat-
terns (e.g. lU curve), a regulator continu-
ally monitors the momentary actual
charging current and voltage levels(aid
also the ambient temperature if neces-
sary). It compares the monitored (actual-
value) data with battery-specific nominal

values, and uses a final-control element
to reduce the deviation to 0. This type of
unit also compensates for fluctuations in
its mains input voltage which could other-
wise lead to variations in charging cur-
rent. This has a beneficial effect on,
among other things, the battery lite and
the maintenance intervals

Charging current
In normal charging (IL= 1,) the battery
is supplied with current corresponding to
approximately 10% of its capacity in Ah.
Several hours are required to charge the
battery completely. Boost charging (l =
5 Is) can be used to bring ai empty bat-
tery back up to about 80% of its rated ca-
pacity with no damage. Once the gassing
voltage is reached, the charging current
must either be switched off (e.g., Wa
curve) or reduced to a lower level (e.g.,
IU curve). These current-swtching func-
tions are controlled by an adjustable
charge limiter or an automatic switchoff
device. By the use of special electronic
monitoring circuits, the fully c-iarged point
can also be determined on the basis of
battery-specific voltage patterns in con-
junction with the charging period (the bat-
tery voltage starts to drop again if it is
overcharged).
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Alternators

Electrical-energy generation
The alternator must furnish the vehicle's
electrical system with a sufficient supply
of current under all operating conditions in
order to ensure that the state of charge in
the energy storage device (battery) is
consistently maintained at an adequate
level. The object is to achieve balanced
charging, i.e., the curves for performance
and speed-frequency response must be
selected to ensure that the amount of cur-
rent generated by the alternator under ac-
tual operating conditions is at least equal
to the consumption of all electrical equip-
ment within the same period.

The alternator actually produces alter-
nating current. The vehicle's electrical
system, on the other hand, requires direct
current to recharge the battery and oper-
ate the electrical equipment. It is thus di-
rect current that must ultimately be sup-
plied to the electrical system.
The essential requirements are:
- Maintenance of a direct-current supply

to all electrical equipment in the system,
- Supplementary charging reserves for

(re)charging the battery, even with a
constant load from electrical devices in
continuous operation,

- Maintenance of a constant alternator
voltage throughout the entire ranges of
engine speeds and load conditions,

- Robust design capable of withstanding
externally-imposed stresses such as
vibration, high ambient temperatures,
pronounced temperature variations,
dirt, moisture, etc.,

- Low weight, compact dimensions and
long service life,

- Minimal operating noise,
- High level of efficiency.

Design factors

Rotational speed
The alternator's operating efficiency (its
power-to-weight ratio expressed as the
ratio of energy generated to component
mass in kg) increases as a function of ro-
tational speed. This factor alone would
dictate as high a conversion ratio as pos-
sible between the engine's crankshaft and

the alternator.
The following factors though must also be
considered:
- Increasing centrifugal forces at high al-

ternator speeds,
- Alternator and fan noise,
- Efficiency fall-away at high speeds,
- Effect of high speeds on he service

lives of the wear components (bearings,
collector rings, carbon brushes),

- Mass inertia of the alternatcr relative to
the crankshaft and the resulting load on
the belt drive.

Typical conversion factors or automo-
tive applications lie within a range of 1 : 2
to 1: 3, with ratios of up to 1: 5 being used
in large commercial vehicles.

Engine idle represents roughly a third
of the usage pattern of an alternator.

Temperatures
The losses that accompany energy con-
version in any machine lead to high com-
ponent temperatures.

High alternator temperatures are also a
result of heat radiation from Engine com-
ponents and ancillaries (such as exhaust
systems and turbochargers); the amount
of heat depends upon the relative installa-
tion positions, and is greatest when the
engine operates at high speeds and un-
der high load factors The supply of cool-
ing air is generally drawn in from the en-
gine compartment.

In view of the trend towards engine-
compartment encapsulation which is be-
coming more and more common as a
means of reducing noise, the ducting of
fresh air towards the alternator is an ap-
propriate method of reducing component
temperatures. For situations where en-
gine-compartment temperatures are ex-
treme, there are liquid-coolec alternators
available.

External influences
Installing the alternator on an IC engine
means exposing it to extreme mechanical
stresses. Depending upon the installation
configuration and the engine's vibration
characteristics, vibration levels of
500...800 m -s can occur at the alterna-
tor. This subjects the alternator's mount-
ings and components to extreme forces,
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and it is essential that critical natural fre-
quencies in the alternator assembly are
avoided.

Further detrimental influences include
spray water, dirt, oil and fuel mist, and
road salt in winter. These factors expose
all components to the risk of corrosion. It
is important that tracking between con-
ducting parts be avoided, as electrolysis
could otherwise lead to the early failure of
vital operating components.

Characteristics and operation
In order to maintain an adequate charge
in 12 V, 24 V or 36 V batteries, automotive
alternators are designed to supply charge
voltages of 14 V, 28 V for heavy commer-
cial vehicles and in future also 42V.

As direct current is required for charg-
ing the battery, a diode rectifier must be
provided to convert the alternator's three-
phase alternating current into direct cur-
rent. The diodes also prevent the battery
from discharging when the vehicle is sta-
tionary.

The current-generation curve has a
sharp bend. There is no current produc-
tion until after the so-called "O-ampere
speed" is exceeded. At high speeds, the
effect of the reverse magnetization field
generated by the load current prevents

Characteristic curve at maximum
alternator current
Constant voltage.
n sIdlespee
n,3 Maximum speed

<01
0 nL max

Engine speed

the curve from climbing further. This char-
acteristic means that even excessive
loading cannot result in further increases
in current flow, thereby protecting the al-
ternator from the thermal damage associ-
ated with electrical overload.

Alternators are self-excited 12- or 16-
pole synchronous devices. Tie AC wind-
ing is wound in the stator's slats, while the
excitation winding is housed within the ro-
tor. The DC excitation curren: required by
the excitation winding is conriucted to the
rotating rotor through sliding contacts
(carbon brushes). The current produced

Alternator with standard regulator (circuit diagram)
1xciter diodes. 2 Power diodes (alternatively Zener power diodes),
3 Vehicle electrical system, 4 Regula or

- ~15 Z

IC

41I DF

41 2 3

a
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in the AC winding is channeled in two di-
rections: Most of it flows through the pos-
itive diodes of the main rectifier bridge
and into the vehicle's electrical system,
from where it returns through the negative
diodes.

Depending on the design of the alter-
nator and regulator, the excitation current
flows
a) through excitation diodes in the case of
standard regulators, or
b) directly from the B+ terminal in the
case of multifunction regulators.

With standard regulators, some of the
current generated acts as excitation cur-
rent, flowing through the three exciter
diodes to terminal D+, through the regula-
tor and collector rings to the rotating
field winding and from there, back through
the three negative diodes of the main rec-
tifier.

On alternators with multifunction regu-
lators, there are no excitation diodes and
the excitation current branches off imme-
diately beyond the main rectifier The volt-
age regulator switches on the excitation
current only when the engine is started
(which it detects by means of alternator
rotation), thereby preventing battery
discharge when the engine is not running.

The output of the alternator is adjusted

Circuit with fault indication in the event of
breakin excitation circuit
I Alternator. 2 Charge-indicator tamp,

3 Resistor R. 4 Ignition and starting
switch, 5 Battery

1 + -q2
0 30

3 5T

to suit the demand from the vehicle's elec-
trical system by varying the excitation cur-
rent. The regulator is controlled by pulse-
width modulation on the basis of constant
terminal voltage.

The D+ terminal assumes several func-
tions: Firstly, the alternator is pre-excited
from battery terminal B+ via the alternator
indicator lamp and terminal D+. Secondly,
terminal D+ is at a similar vol:age level to
B+ after excitation of the alternator. Spe-
cific consumer groups can )e supplied
with power via a relay.

The pre-excitation current determines
the "on-line" speed at which initial excita-
tion occurs when the engine is started.

Alternator with multifunction regulator
Supply connections L. DFM,
I Reaulator IC, 2 Housing 3 Alternator 4 Vehicle electrical system. 5 Evaluation/Mondoring.

L

DFM
1 2 3 B4

"T4
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This speed is well above the zero-am-
pere speed", with the precise figure being
largely determined by the power of the in-
dicator lamp.

The charge indicator lamp should come
on when the ignition is switched on prior
to starting (monitoring function) and go
out as the engine starts to run-up.

Design variations

Claw-pole alternators
The already very familiar mechanical con-
cept embodied in this alternator type has
completely replaced the earlier DC gener-
ator as the standard design in automotive
applications. Based on equal outputs for
both concepts, the alternator weighs 50%
less, and is also less expensive to manu-
facture. Large-scale application only be-
came feasible with the introduction of
compact, powerful, inexpensive and reli-
able silicone diodes.

The leakage flux between the claw
poles limits the length - and thus the out-
put - that can be achieved for any given
diameter with this type of layout. In order
to increase output, two systems can be
combined within the same housing in cer-
tain cases.

Compact alternator
I Casing,
2 Stator;
3 Rotor,
4 Electronic voltage

regulator with brush
holder

5 Collector rings,
6 Rectifier,
7 Fan.

1

2

-7

7

Claw-polealternator(cornpact-diode
design)
1 Collector-ring end shield, 2 Restifir heat
sink, 3 Power diode, 4 Exciter diode,
5 Drive end shield with mounting flanges,
6 Fan pulley 7 External tan, 8 Staor,
9 Claw-pole rotorto Transistor regulator

1 23 4 5 6

10 9 8 7
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The classic alternator design is charac-
terized by the external fan providing sin-
gle-flow axial ventilation (compact-diode
design).

Compact alternator (air-cooled)
The compact alternator is a new variant of
the claw-pole concept based on dual-flow
ventilation with two smaller internal fan el-
ements. The cooling flow is extracted
from the surrounding air in the axial plane,
and exits the alternator radially in the
vicinity of the stator winding heads, at the
drive and collector-ring end shields. The
major advantages of the compact alterna-
tor are:
- Higher maximum operating speeds for

enhanced efficiency,
- Smaller fan diameters for reduced aero-

dynamic noise,
- Substantial reduction in magnetic noise,
- Longer carbon-brush life due to smaller

collector-ring diameter

Salient-pole alternator
Alternators based on the salient-pole con-
cept are required in those special applica-
tions which are characterized by extreme
power demands (as in touring coaches).
The rotor is equipped with individual mag-

netic poles, each of which is provided with
its own field winding. This layout allows
the stator to be substantially longer (rela-
tive to its diameter) than would be possi-
ble with a claw-pole alternator. This
means that higher outputs can be
achieved without increasing diameter.
The maximum speeds achievable, how-
ever, are lower than with claw-pole de-
signs. Since the excitation currents
required for the salient-pole alternator are
substantially higher than those for the
claw-pole unit, the attendant kigher tem-
peratures mean that the electrcnic regula-
tor must be mounted in a spec al housing
remote from the alternator.

Alternators with windingless rotors
The windingless-rotor alternator is a spe-
cial design variation of the claw-pole unit
in which only the claw poles rotate, while
the excitation winding remains stationary
Instead of being connected directly to the
shaft, one of the pole wheels is held in
place by the opposite pole wheel via a
nonmagnetic intermediate ring. The mag-
netic flux must cross two aditional air
gaps beyond the normal working gap
With this design, the rectifier sLpplies cur-
rent to the excitation winding directly

Salient-pole alternator
1 Collector-ring end shield, 2 Contact brushes, 3 Excitation winding, 4 Casing, 5 Stator,
6 Drive end shield, 7 Drive-beltpulley 8 Radial fan, 9 Salient-pole rotor, 10 Collector rings,
I IPower diode,
12 Heat sink, 14 1 2 3 4 5 6 7
13 Suppression capacitor
14 Plug connector for

lines to regulator

12 11 10
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through the regulator; sliding contacts are
not required. This arrangement obviates
the wear factor represented by the collec-
tor-ring and carbon-brush assemblies,
making it possible to design alternators
for a substantially longer service life (im-
portant for construction equipment and
railroad generators). The units weigh
somewhat more than claw-pole alterna-
tors of comparable generating capacity
due to the fact that additional iron is re-
quired to conduct the magnetic flux
through two additional air gaps.

The windingless-rotor design is also
obtainable as a liquid-cooled version
(type LIF-B). Engine coolant flows around
the complete circumference and rear of
the alternator housing. The electronic
components are mounted on the drive-
end shield.

Operational limits

Ventilation
Air-cooled passenger-car alternators are
almost always cooled by a flow of air sup-
plied by an integral or attached radial fan.
In certain cases where engine-compart-
ment temperatures are very high, air is
ducted in from outside. The dimensions

of the ventilation arrangement must be
adequate for ensuring that component
temperatures remain below the specified
limits under all conceivable oparating con-
ditions.
On alternators for heavy-duty vehicles,
the entire collector-ring and carbon-brush
assembly is usually encapsulated in order
to prevent the entry of dust, diTt and water.
Fresh-air induction is almost always ben-
eficial, especially with higher outputs. In
certain cases, sealed alteriators with
cooling fins on the outer casing are used.
Other special applications may require
the use of sealed alternators cooled by a
liquid (e.g. oil).

Liquid-cooled alternators with a water
jacket around the alternator casing are
characterized in particular by
- lack of air-flow noise (-20 c BA),
- suitability for use in engine compart-

ments with high temperatures,
- capability of integration in engine block,
- wading capabilities dueto complete en-

capsulation, and
- contribution to engine varm-up by

virtue of the heat dissipated by the al-
ternator to the coolant

3 4 5 6 7 8

10 11 10u 9

Alternator with windingless rotor (air-cooled)
1 Pulley
2 Fan, 1 2
3 Drive end shield with

stationary inner pole,
4 Stator
5 Stationary excitation winding
6Wind/nglesrotor,
7 Rear end shield,
8 Regulator
9 Power diode,

1O Bracket,
1 Conductive element.

I
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In contrast to air-cooled alternators, the
external electrical connections are on the
drive-pulley end.If a liquid-cooled alterna-
tor is fitted to the engine as a separate unit
with its own housing, it has to have some
means of connecting it to the cooling sys-
tem (eg. hoses). The reliable coolant
supply must be designed-in during the
overall application-engineering work.

Installation in the vehicle
Virtually all those engine-powered alter-
nators which are driven by standard V-
belts are installed on bracket assemblies
which allow the belt tension to be ad-
justed by pivoting the alternator. If ribbed
V-belts are used (Poly-V-belts), the alter-
nator mounting is generally rigid, and belt
tension is maintained by a separate
mechanism. Larger alternators can be at-
tached directly to the engine in special
cradle-shaped mounts. The load imposed
by the drive belt is the decisive factor in
selecting the bearing dimensions for the
alternator's drive side. The belt forces are
determined by both the geometry of the
drive layout and the power requirements
of all the other devices being driven by the
belt. Yet another factor is the effective ra-

2-

dius of the pulley; larger radii can produce
a substantial lever effect between the pul-
ley's load-bearing surface and the drive-
side bearings. The stresses emanating
from these static factors are supple-
mented by the dynamic forces associated
with torque and speed fluctuations.

Belt pulleys with freewheel mecha-
nisms allow the alternator shaft to be iso-
lated from crankshaft vibration, thus mak-
ing the belt drive substantially smoother
for larger alternators with a greater mass
inertia.

Drive layout
Although standard V-belts are usually em-
ployed to drive the alternatoi, ribbed V-
belts are being increasingly used in auto-
motive applications. Because this design
allows tighter bend radii, sma ler alterna-
10r pulleys and higher convesion ratios
can be achieved. Railroad alternators are
operated by helical-gear assemblies dri-
ven directly from the axle. It is imperative
that special precautions be taken to
dampen rotary oscillations when direct
mechanical drive (without an intermediate
belt, e.g., centrally at the crankshaft or via
gears) is used to power the alernator.

3 4 13 5 6 7 8 12 9 10 11

I IM

Liquid-cooted compact afternator with
windingless rotor

I Drive-belt pulley
2 Rectifier,
3 Regulator.
4 Drive end shield,
5 Alternator housing,
6 Coolant,
7Jacket casing for attached mounting

or engine block,
8 Stationary excitation winding,
9 Stator core,

10 Statar winding,
1 Windingless rotor,
12 Nonmagnetic intermediate ring,
13 Conductive element

1
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Loss distribution of an alternator
P Power input, P2 Power output,
V%,Air and bearing friction,
VcstaCopper losses in stator,
Vi+Azc ron and additional losses,
Vo Rectifierlosses,

cExcitation losses.
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Efficiency
Losses are an unavoidable by-product
of all processes in which mechanical or ki-
netic energy is converted into electrical
energy. The efficiency rating is the ratio
between the power which is supplied to
the unit and that which emerges. Iron
losses result from the hysteresis and
eddy currents produced by the alternating
magnetic fields in the iron of the stator
and rotor Copper losses are produced by
resistance in the rotor and stator wind-
ings. Their extent is proportional to the
power-to-weight ratio. i.e., the ratio of
generated electrical power to the mass of
the effective components. The mechani-
cal losses include the frictional loss in the
roller bearings and at the contact
brushes, the air resistance encountered
by the rotor and, above all, the fan resis-
tance which rises dramatically as speed
increases.

In normal automotive operation, the al-
ternator operates in the part-load range.
Efficiency at medium speeds is then
around 50%. The use of a larger (and
heavier) alternator enables it to be oper-
ated in a more favorable partial-load effi-
ciency band for the same electrical load.
The efficiency gains provided by the
larger alternator more than compensate
for the losses in fuel economyassociated
with the greater weight. However, the

Efficiency graphs for sizes NCB1 and
KCB1 (Compact alternators)
Example of efficiency at part icad:
I = 70A, U = 14 V - 6000 min-'

F I = 57 %at 5.2 kg,
lsca = 65 % at 6.3 kg.

A ----- NCB1120A

KCBITA
80 r 04

40-N

0 4000 8000 12000 rnn-
1

Aternaor speec C
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rn

o

higher mass inertia has to be taken into
consideration.

The alternator is a typical example of
an assembly which is in permanent oper-
ation all the time the vehicle is being dri-
ven. and when design measures are un-
der consideration regarding maximum
fuel economy, more emphasis should be
placed on optimization of efficiency than
upon optimization of its mass.

Noise
The quieter the modern-day vehicle be-
comes, the more the noise developed by
the alternator becomes noticeable. The
alternator's noise is compr sed of a mag-
netic and an aerodynamic component.

The magnetically induced high-pitched
noise is audible mainly at low speeds
(< 4000 mirr'). It can be counteracted by
optimizing the alternator's magnetic cir-
cuit and its oscillation and radiation char-
acteristics.

The aerodynamic noise occurs for the
most part at high speeds It can be re-
duced by the use of an cptimized (e.g.
asymmetrical) fan and opti-nisation of the
air channels.

Alternator (voltage) regulation
Here too, the two options
- standard regulator and
- multifunction regulator

881
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have different basic purposes. The stan-
dard voltage regulator serves to keep the
alternator voltage approximately constant
in the face of wide fluctuations in alterna-
tor speed and load. The target level is
usually temperature-dependent. The volt-
age is somewhat higher in winter to com-
pensate for the fact that the battery is then
more difficult to charge. In summer, the
voltage regulator maintains the system
voltage at a lower level to prevent the bat-
tery from overcharging. It is also possible
for the voltage of the electrical system to
drop below the regulation voltage when
there is substantial current consumption
at low min

Voltage regulators were formerly con-
structed using discrete components, but
today they incorporate hybrid or mono-
lithic circuits. When monolithic technology
is applied, the control and regulator IC,
the power transistor and the freewheeling
diode are all located on a single chip.

Multifunction regulators perform special
additional functions apart from the basic
task of regulating the voltage.

The "load-response" (LR) function in
particular is worthy of mention. It helps to
improve the running and exhaust charac-
teristics of the engine by means of a lim-
ited rate of output increase over time. A
distinction is made between engine-run-
ning load response and engine-starting

load response (alternator inactive for a
defined period after starting).

Voltage regulators with digital inter-
faces represent a response to the in-
creasing demands for greater mutual
compatibility between engine-manage-
ment and alternator-regulation systems.
The interfaces used are chiefly of the bit-
synchronous type. Coding is oerformed
by way of the signal duration instead of its
amplitude and is stored with a set proto-
col. The advantages here are the interfer-
ence immunity and lack of temperature-
susceptibility of the interface electronics.

Interface regulators enable the load-re-
sponse functions to be finely tuned to the
engine operating status, the torque pat-
tern to be optimized for the purposes of
reducing consumption, and the charging
voltage to be adjusted to improve the bat-
tery charge level.

Overvoltage protection
The electric strength of alternators and
voltage regulators usually suffices to en-
sure that their semiconductor elements
will operate reliably with the vehicle's bat-
tery connected. Emergency operation
without the battery is characterized by ex-
treme voltage peaks. Especially critical is
the load-dump phenomenon in which the
current to major consumers is suddenly
interrupted, Thus additional measures

Function of regulator
/,,, Excitation current, Im Mean excitation currenf, TE Duty period, TA Off period, a Lower speed,
n2 Higher speed-

S Regulator status at speedan, Regulator status at speed n2

Regulator
n off no 1n off on11 off n otf n off | || ||n

-T-me 
!max

Al -T1

Tie

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1423



Automotive electrical systems/Alternators 883

are necessary to ensure complete relia-
bility in such cases.

There are three options available for
protecting against overvoltage:

Zener diodes
Zener power diodes can be installed in
the rectifier in place of the power diodes.
Zener diodes limit the high-energy volt-
age peaks to levels which are harmless
for the alternator or the regulator In addi-
tion, Zener diodes can be used to provide
remote protection for other voltage-sensi-
tive equipment in the vehicle's electrical
system. The response voltage of a recti-
fier which is equipped with Zener diodes
ranges from 25 to 30 V. Compact alterna-
tors are 100%-equipped with Zener
diodes.

Alternators and regulators with enhanced
electric strength
In such alternators and regulators, the
semiconductor elements have higher
electric-strength ratings. The enhanced
electric strength of such alternators and
regulators only protects the units them-
selves; these measures though furnish no
additional protection for other electrical
equipment in the system

Overvoltage-protection devices
These semiconductor devices are con-
nected to the alternator's D+ and D-

(ground) terminals. The sysiem responds
to voltage peaks by shorting the alternator
at the excitation winding. The main bene-
ficiaries of these overvoltage protection
devices are the alternator and regulator,
with only secondary protection being pro-
vided for other voltage-sensitive equip-
ment in the electrical system. Overvolt-
age-protection devices can be combined
with other units specially designed to in-
hibit consequential damage. Such a lay-
out prevents the battery from boiling-off
its electrolyte should the rgulator mal-
function and remain inthe "on" position.

Normally, alternators are not provided
with reverse-polarity protection. Reversal
of battery polarity (e.g. when using an ex-
ternal battery to start the vehicle) leads to
destruction of the alternatr diodes as
well as endangering the semiconductor
components of other assemblies in the
vehicle,

(+

1

Automatic overvoltage protection device (Circuit diagram)
I Battery 2 Overvolage-protection device, 3 Ignition and starting switch, 4 Regulator 5 Aternator

30 3 15
2 1B+ B_
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D
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Controller Area Network
(CAN)
Present-day motor vehicles are equipped
with a large number of electronic control
units (ECUs) which have to exchange
large volumes of data with one another in
order to perform their various functions.
The conventional method of doing so by
using dedicated data lines for each link is
now reaching the limits of its capabilities.
On the one hand, it makes the wiring har-
nesses so complex that they become un-
manageable, and on the other the finite
number of pins on the connectors be-
comes the limiting factor for ECU devel-
opment, The solution is to be found in the
use of specialized, vehicle-compatible se-
rial bus systems among which the CAN
has established itself as the standard.

Applications
There are four areas of application for
CAN in the motor vehicle, each with its
own individual requirements:

Real-time applications
Real-time applications, in which electrical
systems such as Motronic, transmission-
shift control, electronic stability-control
systems are networked with one another,
are used to control vehicle dynamics.

Typical data transmission rates range
from 125 kbit/s to 1 Mbit/s (high-speed
CAN) in order to be able to guarantee the
real-time characteristics demanded.

Multiplex applications
Multiplexapplicationsaresuitableforsitu-
ations requiring control and regulation of
body-component and luxury/convenience
systems such as air conditioning, central
locking and seat adjustment.

Typical data transmission rates are be-
tween 10 kbit/s and 125 kbits (low-speed
CAN).

Mobile-communcainsaplctin
Mobile-communications applications con-
nect components such as the navigation
system, cellular phone or audio system
with central displays and controls. The ba-
sic aim is to standardize control opera-
tions and to condense status information
so as to minimize driver distraction,

Linear bus structure

Station Station Station Station
1 2 3 4

Data transmission rates are generally
below 125 kbit/s: whereby direct trans-
mission of audio or video data is not pos-
sible,

Diagnostic applications
Diagnostic applications for CAN aim to
make use of existing networking for the di-
agnosis of the ECUs incorporated in the
network. The use of the "K" line (ISO
9141), which is currently the normal prac-
tice, is then no longer necessary.

The data rate envisaged is 500 kbit/s.

Bus configuration
CAN operates according to the multi-
master principle, in which a linear bus
structure connects several ECU of equal
priority rating. The advantage 0o this type
of structure lies in the fact that a malfunc-
tion at one node does not impair bus-sys-
tem access for the remaining devices.
Thus the probability of a total system fail-
ure is substantially lower than with other
logical architectures (such as ring or ac-
tive star structures). When a ring or active
star structure is employed, failure at a sin-
gle node or at the CPU is su'ficient to
cause a total failure.

Content-based addressing
Addressing is message-based when us-
ing CAN. This involves assigning a fixed
identifier to each message. The identifier
classifies the content of the message
(e.g., engine speed). Eacth station
processes only those messages whose
identifiers are stored in its acceptance list
(message filtering). Thus CAN requires
no station addresses for data transmis-
sion, and the nodes are not involved in ad-

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1425



Automotive electrical systems/CAN 885

ministering system configuration. This fa-
cilitates adaptation to variations in equip-
ment levels.

Logical bus states
The CAN protocol is based on two logical
states: The bits are either "recessive"
(logical 1) or "dominant" (logical 0). When
at least one station transmits a dominant
bit, then the recessive bits simultaneously
sent from other stations are overwritten.

Priority assignments
The identifier labels both the data content
and the priority of the message being
sent. Identifiers corresponding to low bi-
nary numbers enjoy a high priority and
vice versa.

Bus access
Each station can begin transmitting its
most important data as soon as the bus is
unoccupied. When several stations start
to transmit simultaneously, the system re-
sponds by employing "Wired-AND" arbi-
tration to sort out the resulting con-
tentions over bus access. The message
with the highest priority is assigned first
access, without any bit loss or delay.
Transmitters respond to failure to gain bus
access by automatically switching to re-
ceive mode; they then repeat the trans-
mission attempt as soon as the bus is free
again.

Message filtering

CAN CAN CAN CAN
Station I Stafion 2 Station 3 Staton 4

m emry m Memory

, c clhon j Selecto1

A ord

Messageformat
CAN supports two different data-frame
formats, with the sole distinction being in
the length of the identifier (I0). The stan-
dard-format ID is 11 bits, while the ex-
tended version consists of 29 bits. Thus
the transmission data frame contains a
maximum of 130 bits in standard format,
or 150 bits in the extended format. This
ensures minimal waiting time until the
subsequent transmission (wnich could be
urgent). The data frame consists of seven
consecutive bit fields:

Start of frame indicates the beginning
of a message and synchronizes all sta-
tions.
The arbitration field consists of the mes-
sage's identifier and an add tional control
bit. While this field is bein transmitted,
the transmitter accompanies the trans-
mission of each bit with a check to ensure
that no higher-priority message is being
transmitted (which would cancel the ac-
cess authorization). The control bit deter-
mines whether the message is classified
under "data frame" or "remote frame".
The control field contains tie code indi-
cating the number of data bytes in the
data field.
The data field's information content
comprises between 0 and 8 Dytes. A mes-
sage of data length 0 can be used to syn-
chronize distributed procesEes.

Message format

Start of Frame

Abitration Field

Control Feld

Dala Field

CRC Fseld

-O aaF ra me - 4-

WTjIr r,', r

-TamceSpe
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The CRC field (Cyclic Redundancy
Check) contains the check word for de-
tecting possible transmission interfer-
ence,
The Ack field contains the acknowledge-
ment signals with which all receivers indi-
cate receipt of non-corrupted messages,
End of frame marks the end of the mes-
sage.

Transmitter initiative
The transmitter will usually initiate a data
transfer by sending a data frame. How-
ever, the receiver can also request data
from the transmitter. This involves the re-
ceiver sending out a "remote frame". The
data frame and the corresponding remote
frame have the same identifier. They are
distinguished from one another by means
of the bit that follows the identifier,

Error detection
CAN incorporates a number of monitoring
features for detecting errors These in-
clude:
- 15-bit CRC (Cyclic Redundancy

Check): Each receiver compares the
CRC sequence which it receives with
the calculated sequence.

- Monitoring: Each transmitter compares
transmitted and scanned bit.

- Bit stuffing: Between "start of frame"
and the end of the CRC field, each data
frame or remote frame may contain a
maximum of 5 consecutive bits of the
same polarity. The transmitter follows
up a sequence of 5 bits of the same po-
larity by inserting a bit of the opposite
polarity in the bit stream; the receivers
eliminate these bits as the messages
arrive.

- Frame check: The CAN protocol con-
tains several bit fields with a fixed format
for verification by all stations,

Error handling
When a CAN controller detects an error, it
aborts the current transmission by send-
ing an error flag. An error flag consists of
6 dominant bits; it functions by deliber-
ately violating the conventions governing
stuffing and/or formats.

Fault confinement with local failure
Defective stations can severely impair the
ability to process bus traffic. Therefore,
the CAN controllers incorporate mecha-
nisms which can distinguish between in-
termittent and permanent errors and local
station failures. This process is based on
statistical evaluation of error conditions.

Implementations
In order to provide the proper CPU sup-
port for a wide range of differert require-
ments, the semiconductor manufacturers
have introduced implementations repre-
senting a broad range of performance lev-
els. The various implementations differ
neither in the message they produce, nor
in their arrangements for responding to
errors. The difference lies solely in the
type of CPU support required for mes-
sage administration.

As the demands placed on tie ECU's
processing capacity are extensive, the in-
terface controller should be able to ad-
minister a large number of messages and
expedite data communications with, as far
as possible, no demands on the CPU's
computational resources. Powerful CAN
controllers are generally used in this type
of application.

The demands placed on the controllers
by multiplex systems and present-day
mobile communications are more mod-
est. For that reason, more basic and less
expensive chips are preferred for such
uses.

Standardization
CANs for data exchange in automotive
applications have been standardized both
by the ISO and the SAE - in ISC 11519-2
for low-speed applications ! 125 kbiLls
and in ISO 11898 and SAE J 22584 (cars)
and SAE J 1939 (trucks and bLsses) for
high-speed applications >125 kbitts.
There is also an ISO standard for diagno-
sis via CAN (ISO 15765 - Draft) in the
course of preparation,

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1427



CARTRONIC 887

CARTRONIC®

Networked vehicle systems
The continuing development of automo-
tive electronic systems is driven by ever
increasing demands. These include:
Safety, comfort and environmental com-
patibility, tougher legal requirements and
directives, integration of information and
entertainment-system functions ("info-
tainment') and communication with exter-
nal computers and data services via mo-
bile telephone.

Under the influence of those demands
combined with the unabated downward
pressure on prices, individual vehicle sys-
tems (fuel injection, ABS, radio) have de-
veloped into a networked composite sys-
tem in which information is exchanged via
data busses (e.g. CAN) and reciprocal in-
teraction is possible Cross-marque stan-
dardization of individual components,
subsystems and subfunctions within such
a composite system is the basic require-
ment if development times are to be
speeded-up. At the same time, reliability
and system availability must be increased
and, by sharing information between dif-
ferent vehicle systems, a reduction in the
number of components required.

Composite systems (examples)
Present-day vehicles already have com-
posite systems such as the traction con-
trol system (TCS) and the electronic sta-
bility program (ESP) which is an exten-
sion of it. The cross-system functions of
those two systems are effected by the
TCS control unit (ECU) informing the en-
gine-management ECU when the wheels
start to spin so that the latter can reduce
the engine torque accordingly Similarly,
the air-conditioning system may inform
the engine-management system that it is
about to switch on, which will result in the
need for an increase in engine torque/
speed.

Requirements
The implementation of such cross-system
functions through the interaction of sub-
systems requires agreement on the stan-
dardization of interfaces and subsystem
functions. Definitions must be drawn up

which specify what informaon a subsys-
tem requires and what variables are to be
controlled on the basis of that information.
This is all the more important in view of
the fact that the subsystems are devel-
oped separately (often by several different
suppliers) and modification to suit a par-
ticular vehicle model or the requirements
of a specific manufacturer is costly and
susceptible to errors.

Concept
The above demands led to the develop-
ment of the CARTRONIC as a classifica-
tion and specification concept for all vehi-
cle control and management systems. It
contains definite rules for interaction be-
tween subsystems as well as expandable
modular architectures for "function",
"safety" and "electronics" on the basis of
these formal rules. It thus provides the
means for a description of the vehicle as
an overall system. On that basis, suppli-
ers can harmonize interaction between
their products without having to be famil-
iar with the internal processes of subsys-
tems and without bringing about large-
scale manufacturer- or model-related
modifications.

Structuring, architecture
What is required is a universal structuring
system and practical implementation of it
in an appropriate structure. The function
architecture at vehicle level encompasses
all control and management tasks that
arise within the vehicle. Logical compo-
nents are defined which represent tasks
of the composite system. The links and in-
terfaces between components and the
manner of their interaction are specified.
The system architecture thus created has
to be supplemented by a safety architec-
ture which provides additioral elements in
order to ensure safe and reliable opera-
tion of the system as a whole. The com-
posite system is then created by the trans-
formation of the various loical and func-
tional components into hardware form
(electronic circuitry, ECUs, microcomput-
ers), In contrast to the system architec-
ture, the resulting optimied hardware
topology is characterized bl the specifics
of the vehicle model (e.g. specified di-
mensions and siting of components).
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Architecture rules
The rules for the function architecture are
designed to create a definition and layout
for the composite system that is indepen-
dentofthespecifichardwaretopologyex-
cept from the point of view of logical and
functional considerations. For that rea-
son, the rules essentially define compo-
nents and the permissible interaction in
the sense of communication interrelation-
ships.

Functional analysis
Conceptually, the functional analysis of a
planned or existing composite system
starts with the analysis of the previously
autonomous individual systems. As even
this takes place at the functional level (as
yet separate from practical hardware de-
velopment and partitioning), the descrip-
tions are still independent of vehicle-spe-
cific design variations and therefore largely
permit universally valid statements. Basic
structuring at this level makes it possible to
restrict the diversity of hardware and soft-
ware and to use identical electronic mod-
ules (basic modules) for the basic func-
tions of a large number of vehicle models.

CARTRONIC: Hardware topology (example)

Structural elements
The elements of the archite:tures are
systems, components and communica-
tion interrelationships which formally de-
scribe a composite system and also in-
clude the structuring and modeling rules
for designing interaction and defining in-
terdependencies.

Systems, components, interfaces
In those terms, a system is a combination
of components that are linked to one an-
other by means of communication mech-
anisms and which perform a higher-level
function beyond their individua functions.
The term component is explicitly not lim-
ited to interpretation as a physical unit but
is understood rather to be a uiit of func-
tion. CARTRONIC recognizes three types
of component:
- components whose function is primar-

ily coordination,
- components whose functior is primar-

ily operative, and
- components whose function is exclu-

sively to generate, supply and forward
information.

Functions Whole Mobile
uftimedia

Odve Vehicle Body and lch't I C 8'..
movement inte or ! C; I svl

Actuators
Sensors
Modules
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Interfaces on components refer to possi-
ble communication interrelationships that
can be established with other compo-
nents. Wherever possible, physical vari-
ables are defined as interfaces (eg.
transmission or engine torque).

Description of system
Therefore, a system is described by the
representation of all functional compo-
nents and their communication interrela-
tionships and modes of reciprocal interac-
tion.

Structuring rules
The structuring rules describe permissi-
ble communication interrelationships be-
tween different components within the
system architecture. A hierarchical sys-
tem concept is created according to the
structure which starts from the vehicle as
an entity and extends as far as the indi-
vidual components. Accordingly, there are
structuring rules for communication inter-
relationships between components on the
same level and on different levels. There
are also structuring rules for the forward-
ing of communications from one subsys-
tem to another.

Modeling rules
The modeling rules consist of patterns
which combine components and commu-
nication interrelationships for solving spe-
cific tasks which arise more than once
within a vehicle system. Those patterns
can then be repeated at various points
within the structure of the vehicle.

Architectural features
A structure represented by means of the
specified structuring and modeling rules
displays standardized features and char-
acteristics:
- a hierarchical work flow (jobs are

accepted only on the same or a higher
level),

- a clear distinction between coordina-
tors and information suppliers (operat-
ing controls and sensors),

- clear demarcation between the individ-
ual components according to the "black
box" principle (as visible as necessary
and as concealed as possible)

Consequences
CARTRONIC represents a standardized
concept for describing all vehicle func-
tions. By virtue of the facilily for defining
generic functions, it can describe all com-
monly used vehicle control and manage-
ment systems using standardized termi-
nology. New functions will require appro-
priate extension of those function
categories. The next step required is
cross-marque definition of interfaces be-
tween components/subsystems at the
functional and physical levels. This will
enable implementation of complex func-
tion networks within the vehicle involving
collaboration between multiple suppliers.

Outlook
The functional capabilities of present-day
vehicle systems are deterrrined to an in-
creasing degree by software, and com-
posite systems are becoming computer
networks. The standardization of operat-
ing systems is making software applica-
tions portable, i.e. they can be used on
different ECUs. The software architecture
is thus becoming independent of the
hardware topology In order to keep indi-
vidual software modules interchange-
able/re-usable, the CARTRONIC archi-
tecture and interface rules will require fur-
ther refinement and more precise
definition. As in the field of computer ap-
plications, interfaces between different
functions will be defined by "APIs" (appli-
cation programming interfaces) which will
then precisely define the CARTRONIC
communication interrelaticnships. This
course requires agreement between the
different manufacturers and suppliers on
industry standards. CARTRONIC has es-
tablished the basic foundations for such a
development.
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Electromagnetic com-
patibility (EMC) and in-
terference suppression
The expression "electromagnetic compat-
ibility" (EMC) defines an electrical sys-
tem's ability to remain neutral in the vicin-
ity of other systems. In other words it is
compatible, and besides not interfering
with other systems it also remains imper-
vious to such interference as may em-
anate from them. In automotive applica-
tions, this means that the various electri-
cal and electronic systems such as the
ignition system, the electronic fuel injec-
tion, ABS/TCS, airbags, radio, car phone,
navigation system, etc. must function in
close physical proximity without interfer-
ing with each other beyond an allowable
level. It also means that the vehicle in its
role as a system must remain neutral
within its environment; it is not to interfere
electrically with other vehicles, and it must
not interfere with broadcast or communi-
cations transmissions of any kind. At the
same time, the vehicle must itself remain
fully operational when exposed to strong
electromagnetic fields from the outside
(e.g., in the vicinity of radio transmitters).

It is in view of these considerations that
automotive electrical systems and com-
plete vehicles are designed to ensure
electromagnetic compatibility.

Sources of interference

On-board electrical system, ripple
The alternator supplies the vehicle's elec-
trical system with rectified alternating cur-
rent. Although the current is snoothed by
the battery, a residual ripple remains. Its
amplitude depends on the electrical sys-
tem load and the wiring. Its frequency
does not change according to alternator
or engine speed and the fundamental os-
cillation is in the kHz range. It can pene-
trate into the vehicle's sound system - ei-
ther directly (galvanically) or :hrough in-
ductance - where its presence is heard
as a whine in the speakers.

On-board electrical system, pulses
Interference pulses are generated when
electrical equipment in the vehicle is
switched on and off. They are passed to
adjacent systems directly through the
power supply (conductive transfer) and in-
directly by means of crossove, from con-
necting leads (inductive and capacitative
coupling). If the matching between the in-
terference source and the sys:em receiv-
ing it is inappropriate, these Dulses can
cause anything from malfunction to de-
struction of the adjacent systems,

The wide variety of pulses that occur
in the vehicle can be classified in five ba-
sic groups. Classification according to
amplitude provides the best basis for
matching the interference sources and

Influence of electrical-system design on voltage ripple
Example. 18, = 130A, nr, = 18 000 mirr , Battery 12 V 55 A h.

1.5m 3 5

i ,r1.5m

t
-c
C

100 200 300 us

1_0m

3.m

t
-u
CC

100 200 300 ps
I - --
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the potentially susceptible equipment to
achieve maximum compatibility between
them.

This matching procedure may, for ex-
ample, entail having all a vehicle's inter-
ference sources conform to Class II, while
potentially susceptible devices (such as
ECUs) can be designed to conform to
Class III requirements (taking a safety
margin into account). Reallocation to
Classes 1/11 is advisable in cases where
suppression at the source is easier than
providing the corresponding protection at
the susceptible devices.

The principle can also be reversed; if
protective measures at the potentially
susceptible equipment are easier and
less expensive then a move to Classes
lIl/IV is advisable.

On-board electrical system, high-
frequencies
High-frequency oscillations are gener-
ated inside many electromechanical and
electronic components by the switching of
voltages and currents (digital circuits, trig-
gering of output stages, commutation)
These oscillations travel through the com-
ponents' circuits - especially the power-
supply lines - and back into the vehicle's
electrical system. where they arrive at
variously attenuated intensities.

Depending upon whether the mea-
sured interference voltage's spectrum is

Sourcesof broadandnarrow-band
interference
a) Signal progression referred to time y(),
b) Corresponding spectrum Y),
c) Observation of spectrum wit monitoring
device of bandwidth B.-with B -1c<I(as
shownindiagram)individua barsindicate
narrow-band interference:- r>1
continuouscurveindicates"broad-band"
interference.

a

A7

b
ATTo,

-2,o7

continuous or a cllection of individual
curves, a distinction is drawn between two
kinds of interference soirce: "broad-
band" (electric motors, as used for wipers,

Test pulses

Test pulses as per DIN 40839, Part 1 for 12V electrical systems
Classification of permissible
pulse arnplitudes

I I 1 Ilil IV
lterral Pulse

resistance durationPuseshael SIorce
1 Ovrvholtatdu o dse s n 5Is -4V -5 v - V

p relaysorvalves.

2 Switch-oofelectric-motor 1+2 50ps - 25 V +50V 75 V 100 V
lociseeauch as ia moorwhi ch

-gef-erale pottilveavrolage

3a Overvotagsadae to switchinig 50 Q 0. 1p -S40 V - 75V 11GV~ 50 'V

3~ t) M eV +50 V 75SV 10tOOV
4 p p1-voVge curve &rsg 10rrt Lpto20s +iZ. -712V 12V +12V

7a v vrt -gV
_________________ ____ ___ V V _JV -7V

-35V I-50V I +80V - 120 V'Load dump" i 1 f up lo
400 ms

)Load dump occurs when the alternator is feeding high current intohe battery and the connection be
tween the two is suddenly interrupted

=No

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1432



892 Electromagnetic compatibility (EMC)

fans, fuel pump, alternator) and "narrow-
band" (ECUs with microprocessors). The
classification depends upon the band-
width of the test instrument being used,

Such high-frequency oscillations can
represent a permanent source of interfer-
ence for communications systems in the
vehicle; they are located within the same
frequency and amplitude ranges as the
transmitted or received signals, and are
thus easily able to enter the vehicle's
communications system either directly at
the sensor (antenna) or through the an-
tenna cable. The narrow-band sources of
interference are particularly critical as
they have signal characteristics very sim-
ilar to the spectrum of transmitters.

For broad-band interference sources
such as electric motors, fans, etc., the in-
terference output is assessed on the ba-
sis of the interference voltages on the
supply lines in a defined test setup ac-
cording to CISPR 25 or DIN/VDE 0879-2.
The interference voltage gradings defined
by interference-suppression levels sim-
plify the matching of interference sources
and devices susceptible to interference at
the vehicle's OE-equipment stage.

Should the interference level initially
approved for OE purposes prove to be too
high upon subsequent installation of an
additional communications system, there
is a limited range of remedial measures
which can be implemented:
- If the source of the interference derives

its current directly from terminal 15 or
30, then the interference can be coun-
teracted with suppression capacitors
and filters of a type suitable for automo-
tive application. The capacitors are

generally connected directly to the
source's terminal, with the ground wire
being kept as short as possile. Cou-
pling from conductors carrying interfer-
ence voltage to other conductors can
be reduced by passing such wires
through a braided metal screen which
is grounded as directly as possible at
both ends.

- If the interference source is controlled
by an ECU, it is generally forbidden to
suppress it subsequently by means of
suppression components, as this would
modify the ECU switching response

- The clock signals from the micropro-
cessors in the ECUs act as. narrow-
band interference sources. Subsequent
interference suppression is not gener-
ally possible with such components. In-
terference transmission can therefore
be minimized as far as possible by ap-
propriate circuitry (e.g. suppression ca-
pacitors), and suitable location and rout-
ing of components and wiring. !such in-
terference-suppression measures are
not sufficient, it is necessary tD attempt
to achieve satisfactory results ay appro-
priate layout of the electrica system,
and the choice of an advantaceous an-
tenna position combined with suitable
routing of the antenna cable

In the laboratory, assessment of the in-
terference characteristics of electronic
components either also uses line-con-
ducting methods (e.g. measuring the in-
terference voltage level on the supply
lines) or antenna measurements in ab-
sorber rooms. The final verdict as to
whether reception (radio or mooile com-

Permissible radio interference voltage level in dBpV for suppression levels in the
individual frequency ranges as per DINNDE 0879-2 for broad-band interference
(B) and narrow-band interference (S)

60 50 50

0-53. 2.0 5.9...6.2
MHz (MW) MHz (SW)

B s s
66 164 157
58 1s 51

50 52 45

42 46 39

34 140 33

30.._54 70 __108
MHz MFz UHF)

64 52 48 42
58 46 42 36

52 40 36 30

46 34 30 24

40 28 24 18

interference-
suppression level

2

(3
54

0.15...0.3
MHz (LW) Iei isw

100 90

90 80

80 70
70 60
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74

66
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Limits for interference radiation by
vehicles as per CSPR 12and 95/54/EC
Broad-bandandnarrowbandlevels, tested
at distance of toin,

dBPwrn

C 45-
Broad-band

40- limit value

35 -

Narrow-band
2 30 limit value

. 25

20 I
30 75 400 1000

Frequency MHz

munications) will be possible in the vehi-
cle depends upon interference-voltage
measurements carried out at the receiver
end of the antenna cable. This is done
with the aid of a suitable testing circuit for
matching the input impedance of the test
receiver to the input impedance of the re-
ceiver unit. In order to obtain realistic re-
sults, those tests must if possible be per-
formed using the original antenna in its
original installation position. In order to
isolate them from the external electro-
magnetic transmitter and interference sig-
nals, such measurements are carried out
in shielded EMC chambers equipped with
high-frequency absorbers.

The vehicle as an interference source
The ignition system is the major source of
interference in the vehicle as a whole. The
maximum permissible radiation from mo-
tor vehicles is limited by law (EU Directive
95/54/EC) in order to ensure that it does
not interfere with the radio and TV recep-
tion of other vehicles and roadside resi-
dents. Maximum limits are specified for
both broad-band and narrow-band inter-
ference.

The levels specified in the Directive
represent the minimum requirements.
Keeping interference to a level only just
within the specified limits is not normally
sufficient in practice to ensure interfer-
ence-free reception in the same vehicle.
For that reason, suppression hasto be in-

creased as appropriate for the vehicle de-
sign in order to achieve acceptable recep-
tion for an on-board radio, telephone, etc.
Ignition systems can be fitted with suit-
able suppression components such as re-
sistors in the HT connectors and resistor
spark plugs to further reduce interference
emission. For specialist vehicles (e.g.
equipped with two-way radio for emer-
gency services) it can even be necessary
to partially or completely shield the igni-
tion system. Such interference-suppres-
sion measures can have negative effects
on the ignition system's secondary avail-
able voltage. In such cases, therefore, a
thorough investigation into the permissi-
bility of the measures is necessary

Potentially susceptible
devices

ECUs and sensors are susceptible to in-
terference signals entering the system
from outside. The interference signals
emanate either from neighboring systems
within the vehicle itself or frcm sources in
the immediate vicinity (such as a powerful
broadcast transmitter). Malfunctions start
to occur at the point where the system
loses the ability to distinguish between in-
terference signals and useful signals.

The possibility of taking effective mea-
sures depends upon the characteristics of
the useful and the inteerence signals.

The ECU is unable to ditinguish be-
tween useful and interfererce signals if
their signal characteristics are similar
This is the case for instance, when a
pulse-shaped interference signal is simi-
lar to the signal from a wheel-speed sen-
sor. Particularly critical here are frequen-
cies in the vicinity of the useful-signal fre-
quency (fs fN) and in the same range as
a few of the useful-frequency harmonics.

Non-modulated (or NF-modulated) si-
nusoidal HF signals (energy transmitted
by interference sources) can be demodu-
lated at the pn junctions intne electronic
circuitry. This can lead to the direct com-
ponents causing level shifts, or to the su-
perimposition of interfereice signals
which fluctuate as a function of time, as a
result of the NF component cf the interfer-
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U.b k- R2 sinh (y 1) R, U -V 1)
(RI + R2 ) - cosh (y' 1) + W (k, + 8 kb) -sinh (y 1)W' k)sihy) U

ence signal. Normally, the carrier fre-
quency is a multiple of the useful fre-
quency (f5,HF fN). The NF component
of the interference signal is particularly
critical if it is in the vicinity of the useful-
signal frequencies (fs,NF =If). Unwanted
(interference) signals of a far lower fre-
quency (fs << fN) can also lead to mal-
functions due to intermodulations.

Thenecessaryimmunitytointerference
from electromagnetic fields is also de-
fined by the EU Directive 95/54/EC The
field strengths to which a vehicle must be
immune as specified by the Directive are,
as with the interference emission limits,
minimum requirements. In practice, vehi-
cle manufacturers and suppliers provide
significantly higher levels of interference
immunity.

Interference coupling
Signals from interference sources pene-
trate susceptible devices in any of three
ways:
- Direct (galvanic) coupling occurs when

the source and the device affected by
the interference share common current
paths, a condition which can hardly be
avoided with a common voltage source.
The vehicle's wiring harness should be

designed with the lowest-possible level
of direct coupling in mind. Nhether a
parallel, serial or multipoint structure is
best for the supply lines will depend
upon the level of current, the frequency
range, the impedance of the compo-
nents and the general design of the sys-
tem being connected.

- Coupling occurs on connecting lines
when they are laid in parallel between
the source and the susceptble device
being exposed to the interference. In
the model shown at the bottom of page
819, the voltage Ub which is coupled
into the device receiving the interfer-
ence is calculated as showr at the top
of the page with the parameters

k= C/lCo; k,= (Ca+/ CCo; kb b +C 0

Co = /C - Cb+C(.+

Y I= j(wic)' 1;w= 1/(c -C)
c = 3.10 n/s (speed of light)

Ub consists of two parts: a capacitive"
component, which depends on the volt-
age U, and an "inductive" component,
which is a function of the current I. If the
wavelength of the interference signal is
larger than the geometrical conductor
length 1. then the formula is simplified
as follows:

Interference mode)
Electronic system: S Sensor(s), V, Signal amplification and conditioning, SV Signal proessing, V2
Power amplification, A Actuator(s).
An interference-signal flow is superimposed on the useful-signal flow. (U... U 3) galvanec coupling,
(Li L ) crossover on connecting leads, (DI, D2) direct coupling into sensor and actualor

D1 L1  UI   L2  U2  L3  U3  L4  D2

Inteiference
---- --signals

Useful signal

>7 '

V, 7?)i V2
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Ub= k -(y . 1) -[U(R . R2)(R,1 + R2)
- W - R(R + R2)]

This indicates that coupling can be kept to
a minimum the shorter the length I and
the lower the standardized coupling ca-
pacity k.

k decreases as the distance between
the conductors increases, and can be fur-
ther reduced with a screen connected to
ground at both ends.

- Direct interference is possible in cases
where sensor S or actuator A (see Fig-
ure below) react directly to electromag-
netic fields, e.g., if S is a radio antenna.
a microphone or the magnetic head on
a cassette player. Here the aim is to in-
crease the physical distance between
the interference source and the ex-
posed susceptible equipment until the
interference disappears.

Electrostatic discharge
The subject of the potential danger to
components and electronic circuits from
electrostatic discharge (ESD) also falls
under the umbrella of EMC. Here, it is a
case of protecting components and
equipment from damage by static dis-
charge from persons or from machinery
on the production line. On the one hand,
this involves the adoption of appropriate
methods for handling equipment and, on
the other, designing units in such a way
that the extremely high voltages (several
thousand volts) produced by electrostatic
charges are reduced to resistible levels.

Measuring techniques
A wide variety of testing methods are in
common use for testing the interference
signal and the immunity to interference.
Depending upon the type of assessment
used for the interference phenomena,
they can be roughly divided into methods
operating in the time range (pulse gener-
ators, oscillographs) and those operating
in the frequency range (sine-wave gener-
ators, measuring receivers, spectrum an-
alyzers).

-In measurement techniqLes, the inter-
ference signals are generally registered
as reference values in dB (decibels).
The reference quantity for interference
voltage is 1 pV; for electric field strength
it is 1 pV/m, for power it is 1 mW, thus
u'= 20 Ig U
e= 20 Ig E
p' = 10 IgP
where u, e*, p* are given in dB; U in pV;
E in pV/m; P in mW In measurement
techniques as used for interference-
suppression measures, the quantities
(pulse amplitude and energy radiated
by interference source) are usually
given directly (E in V/rn; t in V; fin A).

EMC measurements are performed on
individual systems in the laboratory and in
the vehicle.

Model of coupling mechanism of line-
conducted electromagnetic waves
a) Conductor on which an elec,'romagnetic
wave generated by the interference source is
propagated, b) Target wire, coriponentn
interference-susceptible systerm.

a -

C

b
S1, Cb Ca 2 Ub U

Schematic diagram of the equivalent
circuitofanautomotive tecrricatsystem
as per DINIVDE 0879-2
Connections: P-B Unit being ested, A-B
Power supply, M-B Radio-inteerence monitor,
S Switch, B Reference ground (shee-metal
plate,screenforequivalentcircut).

A P

0 1pF

50% B
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Laboratory test procedures
- Under standardized conditions, artifi-

cial networks are used to examine the
pulses or high-frequency interference
voltages which emanate from a device.

- Immunity to pulse-type interference is
tested using special pulse generators
which produce test pulses according to
DIN 40839, Part 1, or ISO 7637, Parts
I and 2.

- Wire-borne interference waves to be in-
jected into the wiring harness of the
electrical system under investigation,
are produced either with the aid of a
stripline, a TEM (transversal electro-
magnetic field) cell or BCl (ulk gurrent
injection). In the case of the stripline,
the wiring harness is arranged in line
with the direction of propagation of the
electromagnetic wave between a strip
conductor and a base plate. When the
TEM cell is used, the ECU and a sec-
tion of the wiring harness are arranged
at right angles to the electromagnetic
waves' direction of propagation. The
BCI method involves superimposition
of a current on the wiring harness by
means of a power clip.

- For higher frequencies (> 400 MHz),
the unit being tested and the wiring har-
ness are irradiated by antennas and
thereby directly exposed to an electro-
magnetic field.

- The emitted interference radiation is
measured with broad-band antennas in
screened measuring cells lined with ab-
sorbers.

Vehicle testing procedures
- The electronic system's resistance to

the electromagnetic fields radiated by
high-power transmitters is tested inside
the vehicle which is located in a special
anechoic chamber for the purpose.
Here, appropriately high electrical and
magnetic field strengths can be gener-
ated which are applied to the complete
vehicle.

- The interference effects of the vehicle
electrics and electronics on radio re-
ception are measured using highly sen-
sitive measuring receivers. As far as
possible, the original vehicle antenna is

left in place, and measurement is car-
ried out at the input to the receiver.

Regulations and Stardards
Automotive interference suppression
(protection of non-mobile, permanently in-
stalled radio reception) has been manda-
tory in Europe since 1972, (C Directive
ECE10/ EU Directive72/245/EEC). Since
1.1.1996 binding legal regulations have
been in place concerning electromagnetic
compatibility (EU/EEC Direc:ive or Ger-
man EMC laws) for all electricai products
and installations which are sold on the
market. For motor vehicles, the special
EC Directive 95/54/EC, which supersedes
the Directive 72/245/EEC, governs the
protection offixed-installation radio recep-
tion and the immunity of motcr vehicles to
interference from electromagnetic fields.
In addition to the regulations governing
the design of vehicles and components
offered for sale to the public, this Directive
also specifies the testing rnethods and
maximum allowable limits.

The EMC measurement techniques are
defined in a number of German and inter-
national Standards. Essentially, the na-
tional German Standards (DINNDE)
agree with the international Standards
(ISO/IEC-CISPR) and cover all aspects of
automotive EMC.

Standards
Resistance to interference
DIN40839, Part 1, ISO 7637-0/-1/-2,
DIN 40839, Part 3, ISO 7637-3,
DIN 40839, Part 4, ISO 1141/11452,
ISOiTR 10605.

Interference suppression
DIN/VDE 0879-2.
CISPR 12, CISPR 25.
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Alphabets and numbers

German alphabet
Gothic type
2 a a
13 b b

Pld d

f f f
g g

Vt It g

I ii
1i k k
T I I
Tl in mm
Pl 11 n
0 0 o
P p
QC q
RT r

t t
. U u

1 0 V

xs x
v_ yI 3

-

Greek alphabet

Letter Name Letter Name

A

z4

0

K

, 1

N1

A

'5
1*

'/
0

K

A

U

Alpha
Beta
Gamma
De ta
Epsilon
Zeta
Eta
Theta
Iota
Kappa
Lambda
Mu

N

P Q

1 r

12

Nu
Xi
Omicron
Pi
Rho
Sigma
Tau
Upsilon
Phi
Chi
Psi
Omega

Phonetic alphabets

German International 2-way rad o

A Anton Amsterdam
A Arger -
B Berta Baltimore
C Casar Casablanca
CH Charlotte -
D Dora Danmark
E Emil Edison
F Friedrich Florida
G Gustav Gallipoli
H Heinrich Habana
I Ida Italia
J Julius Jerusalem
K Kaufmann Kilogram
L Ludwig Liverpool
M Martha Madagascar
N Nordpol New York
0 Otto Oslo
0 Okonom -
P Paula Paris
O Quelle Quebec
R Richard Roma
S Samuel Santiago
Sch Schule -
T Theodor Tripoli
U Ulrich Uppsala
(0 Obermut -
V Viktor Valencia
W Wilhelm Washington
X Xanthippe Xanthippe
Y Ypsilon Yokohama
Z Zeppelin Zurich

Alpha

Bravo
Charlie

Delta
Echo
Foxtrolt
Golf
Hotel
India
Juliett
Kilo
Lima
Mike
November
Oscar

Papa
Quebec
Romeo
Sierra

Tango
Uniform

Victor
Whiskey
X-Ray
Yankee
Zulu

Cyrillic alphabet

Letter Pronun-
ciaion

A a
5 5

H I

8t a
F r

IFe

E0

H B

2K x

I t i

H n

Oo

a
b

9

je
jo
sch (soft)

i (short)
k
I
m
n
0
p

Letter Pronun-
clation

P p r
C c ss
T *r
Yy u

X x ch
It a z
11 1 tsch
0 iii sch hard)

11 Luj schtsch
b , hard sign

bl S1 a
b a soft sign
3 a a
10 to ju
51 a a

Roman numerals

IV
V
VI
VII
Vill
IX
X
Xl
XX
XXI
XXIX

1
2
3
4
5
6
7
8
9
10
11
20
21
29

XXX
XL
L
LX
LXX
LXXX
XC
C
CC
CD
D
DC
M
MVM

30
40
50
60
70
80
90
100
200
400
500
600
1000
1995

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1438



898 Passenger-car specifications

Passenger-car specifications
The following table contains data on selected passenger cars manufac ured both inside and
outside Germany (Validity: March 1, 1999), Source: "Automobil Revue Katalog 1999".
The list is intended only as a representative selection; inclusion in or exclusion from the list
is not intended as the reflection of a qualitative judgement of any kind.

Abbreviations
aa All-wheel drive (AWD)
A Automatic gearbox/transmission
ABS Antilock braking system
ASS Traction control

Bx Opposed-cylinder engine

Ca Convertible
Co Coup6
Cp Compact sedan/limousine

Db Damper strut
DDQI Double wishbone
De De-Dion axle
DG Double-link Macpherson-strut

suspension
DOI A-arm
DQu Twin control arm

Ea Independent suspension, rear
EBV Electronic brake balancing
EDS Electronic differential lock
El Electronic gasoline injection
Eld Electronic direct injection
EP/CR Diesel fuel-injection pump,

common-rail system,
electronically controlled

EP/UIS Unit Injector System UIS
EPN Diesel distributor-type fuel-

injection pump
EP/eV Diesel distributor-type fuel-injec-

tion pump, electronically controlled
ESP Electronic Stability Program
F Spring strut

Ge Off-road vehicle
Gli High-capacity sedan/minivan

h Rear, on rear wheels
H Manually-shifted transmissions
Hf Hydropneumatic suspension
Hv Hydrogas suspension

Ic Intercooler

Ko Station wagon
Kom Compressor
Ku Anti-roll bar

Li Sedan/limousine
LI Trailing arm

Lue Pneumatic suspension,
electronically controlled

Ma Multi-link axie
Mc Microcar
Mm Mid-engine
Mv Microvan

P Panhard roc

q Transverse installation
Of Transverse leaf spring
01 Control arm

R In-line engire
Pa Multi-linkindependent-

suspension axle
(5 control arms per wheel)

Ro Roadster
ROZ Research Octane Number (RON)

Sa Rigid axle
Sb Disc brake
St Coil spring
SI Semi-trailinq arm
St Continuously variable

transmission (CVT)

T Turbocharger
Ta Torsion crank axle
Tb Drum brake
Td Telescopic shock absorber
Tf Torsion bar
TI Trapezoidal arm suspension

v Front, on front wheels
V V-engine
Ve Valves per cylinder
VI Four-joint trapezoidal-link axle
Via Trailing-arm torsion-beam axle
VR Offset inlinE engine

Wa Watt linkage

Ze Single-poin: injection (TBI)
ZI Supplementary link

2KE 2 spark plugs per cylinder
2TIc 2 turbochargers and 2

intercoolers
4Sb 4 disk brakes
- No details

-j

IL
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Passenger-car specifications 899

Explanations
Where available, the following information (lines 1-35) is given for each model. Not
specifically listed are: Line 16: Mounted longitudinally; Line 20: Front-engined; Line 24:
Water-cooled; Line 32: Independent front suspension.
1 Vehicle body

Example: 3/5 Ko 5 indicates a three-
or five-door station wagon with five
seats. The specifications are listed
for the first alternative (3>/5 or 5>/3).

2 Brake horsepower (BHP)
The net engine output in kW/HP as per
DIN 70020. It DIN data are not given,
horsepower is referred to ECE (Euro-
pean Commission for Europe), SAE
(Society of Automotive Engineers), or
JIS (Japan Industry Standard)

4 Maximum speed
The maximum speed (in accordance
with DIN 70 020) which the vehicle
maintains over a measured distance
of 1 km.

6 Curb weight
The weight of the vehicle when ready
for use, excluding the driver.

8 Weight-to-power ratio
Calculated from the brake horse-
power and weight of the vehicle when
ready for use, excluding the driver
(curb weight). The smaller the
weight-to-power ratio. the greater the
acceleration and climbing ability.

9 Fuel consumption
As specified by the EU Standard
Stage 11 which has been in force for
new vehicles since 1.1.1996, the fuel
consumption is determined accord-
ing to the NEDC (New European Dri-
ving Cycle) (P. 336). These tests re-
flect a certain degree of correspon-
dence with real driving conditions by
including "urban" (with cold start) and
"out-of-town" components. The fig-
ures quoted may also originate from
the Environmental Protection Agency
in the USA. Some data originate from
the ediorial staff (Ed.), or may still be
figures determined according to DIN
70030 (90 km/h- 120 km/h - urban).

15 Specific power output
Ratio of brake horsepower to swept
volume (displacement), Also known
as power output per liter. Conversion:
1 kW/l= 1.36 bhp/.

16 Engine type
Order: Engine position, number of
cylinders, cylinder configuration.
Examples: q4R indicates a trans-

verse 4-cylinder in-line engine; 4Ve
indicates 4 valves per cylinder.

18 Alternator(14 V)
Current rating quoted in A or power
rating quoted in W.

19 Battery(12 V)
Battery capacity quoted in Ah or
cold-discharge test current in A.

20 Engineposition/driveconfiguration
In the case of mid-engine or rear-en-
gine vehicles, the etters preceding
the hyphen indicate the location of
the engine, and those following it the
location of the driven wheels, eg., h-
h indicates that boti the engine and
the driven wheels are at the rear of
the vehicle. Mm-aa stands for a mid-
engine vehicle with all-wheel drive,
and v-h signifies a ront-engine vehi-
clewith rear-wheel drive.

21 Transmission step-down ratio
For the individual gears, transmis-
sion step-down ratios between en-
gine and gearbox output shaft (stan-
dard equipment). See also line 23.

22 Final drive ratio
Conversion ratio between gearbox
output shaft and axie drive shaft.

23 Gearshift
H indicates the number of forward
speeds (gears). (A) indicates the
numberof automatic-gearboxspeeds.
Examples: 5 (4) signifies 5 forward
gears, 4-speed automatic gearbox
5/4 (4) signifies 5 or4forward gearsor
4-speed automatic gearbox. Line 21
(transmission step-clown ratio) always
lists the first of the available options.

24 Cooling
Example: 6.5 means water-cooled,
capacity 6.5 .

321 Wheel suspension
33 Example: 01-F means control arm

with MacPherson strut, Sa-LI-Sf
means rigid axle with trailing arm and
coil spring.

34 Tires
See P 630 for explanation of tire des-
ignations.

35 Braking system
Example: Sb-Tb-ABS indicates disk
brakes front, drum brakes rear, and
antilock braking system (ABS).

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1440



900 Passenger-car specifications

Country Brazil Germany

Venile make Fiat VW Audi
Model P5o 1-70 Got 10 A31,6 A31 9Thi TT 1-8

Woere nd70

1 Body Style - K5 513Li5 Li 5 5/3 L 3 Co 2-2

2 Useu power kW (thpi 51 691 51 69) 7411 66(90i 16H224'
atngnespeed rpm 4500 5750 600) 3750 5900

3 Max. Icus Nrn 134 92 145 210 250
ateriinespeed rpm 2500 450C 3800 1900 2200

4 Maximum speed km/h 164 161 189 181 243
5 Acceleration from

0 to 100 krrbh s 14.9 143 11 124 6.4

6 Curbweight kg 1025 915 1093 1185 1395
7 Gross vehicle weimht kg 1620 1315 1650 1745 1765
8 Weight-to-power rate kgkW 21.8 22.4 4.7 '8 8.5
9 Fuel consumption 100Ow EU 5.18.6 (factory) 6.687.EU5 9/105 EU 4,1U65 EU 7.312.3

10 Fuel octane number RON D9esi 92 95 Diesel 98
11 Fuel lank capacity i 51 53 55 55 62

12 Engine weptvolume cm' '698 998 1595 1896 1781

13 Borestroke mm 826179.2 67170.6 8177.4 79.5/95.5 81186.4
14 Compression rato - 20.3 10.5 10.3 19.5 8.9
15 Specifi cpower otlput kWi 3 40.1 46.4 34 8 92.6
16 Eng'ne lype - 4 R 4 R q4R q4R 4 RVe

17 Fe manageme - SPN Motron El EPleVT-Tc MotroncTic
18 Alternaor (14 V} A 65/85 55 70 73/120 90
19 Battery (12 V) Ah 60 36 44.60 83 60
20 (Eagne pos.}dveconfig - I v j v v as
21 Transmiss/on I'12/2cear 3.91/2,24 3.9!2,12 3.4511.94 3.782,12 3,42/2,11

ratio 34 gear 1.44/1.03 1.371103 1.371.03 1.38/097 1.43/.09
S V gear 0.8 0.83 0.85 0.76 0.87/0.72

22 Finaldriveratio - 3.77 4.78 4.25 3.39 4-2

23 Gearshit HA) 6 5 5(4) 5(4) 6
24 Coing 6.9 6 5 6 7

25 Vehiciegln mm 4130 3810 4150 4150 4040
26 Vehide widih mm 8625 1650 1735 1735 1765
27 Vehice height mm 1520 141 1425 1425 1350
28 Wheelbase mm 2425 2470 255 2515 2430
29 Track trontrear mm 1390/385 13921380 1 5/1495 151511495 153011505
30 Turning cirde diamete in 10.4 9.7 109 10.9 10.5

31 Ground cicaance mm 140 120 140 140 130
32 Suspension, - DQI-F-Ku-S-Td DQI-F 001-F-St-Ku-Td 001-F-SKu-to 00 -F-Sf-Ku-Td

iWordl
33 Suspension, - L-S-KL-Td VIa-l-S-To Via-S-Ku-Td Via-Sf-Ku-T Vla-SF-Ku-Td

rea'

34 Tires - 175/65 R 14 155 R 13 19565 VR 15 t95/65 VR 15 22545 ZR 17

35 Brakingsystem - Th $-SbT 4 SABS-EBV 4S.-ABS-EE;V 4SbAB-A.EBV

See P2 898 or abbreviaiors and explanaicns.
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Passenger-car specificaiions 901

A4 Aani 2.4 S4 Avant 2.7 A6 !9 TD
B DLrbo I

AS4,2 AB 17 A8 2.5 TDi
BMW

3 1.9

5Ko 5 5 6 4Ll5 . 4U5 2 L5__tFi5

121 (165)
60100
230
3200
222

8.6
1360
1930

EU 75/14.9

62

2393
8177.4

102.5
50.6
6V5Ve
Moironic

90
70
v

3.5.1.94
1.30.94
0.79
3.89
5 i5)
8.5

4480

1735
1410

2620
1500.1480
11.1
110
000-Sf-Ku-Td

195 (265;
6800
400
1850
25G

1540 1415

2090 199i
77 T5
EU8-7115.8 EU 4.67.5
98 1Desel

62 70

2671 1896
81 86.4 79.5:95.5
9.3 "9.5

73 42.7
6V5Ve 4 R

Moironic-T-c EieV-TIC

120 120

70 80
aa v

3.511.89 3.5/1.94
1.2310.97 1230.84
0.81,.68 0.68

4.11 3.7

6 5 (4)
6 7

4485 4795
1735 1810
1400 1450

2605 276
1500/1490 1540A57)

11.4 1 .7

110 120

DQu-Si-Ku-Td VI-F-Ku-Td

8 11 2)
4150
235
190

194

220 300)
6200

400
3000

25K

6.9
1730
2310
7.9
EU 9,5h9

98
82

4172
7.;55 84.5/93

~95 11
52.7
8V5Ve

Motronic

120
92
as

3.).4 3.57/2.2

0.0 0.8

2.91

(5)
7 11

4835
1850
1450

2760
15001590
11.7
120
VI-F-Ku-Td

Vae-1DDDI-St-
KTd

195/6V5 235/50R16
4Sb-ABS-EBV 4Sb-ABS-EBV

Va.L'-Sf-K-TdI Du-S-Ku-Td VIa-8-Ku-Td

195165 15

4Sb-ABS-EBV
225/45 B t7
45b-ABS-EBV

191 (260)
6000

350
3250
250

8.1
1510

8.6

E-U 8.4.16.9
98
90

3697

84.5.82 4
11
5.7

8Ve

Motionc
120
92

v-ESP
3.67'2
1 41/11
074

3.09

1'-

5035

0 80
1440

1540150
12.3
120
VI-S-Ku-Td

TI-0-Sf-Ku-Td

22560 R 16
4Sb-ABS

110 (150)
4000

310
1500

220

9.9

2195
14.5

EU 5.5;10.2
Diesel

90

2496
78.3/686 4

19.5
44.1

6V4We
EPIeV-TIc

120
92

v-ESP
3.75/2.06
1.32/0.93
0.73/0.6
3.88

6 (5)
10

5035

1440
2880

'5951585
'2.3
120
V-S1-Ku-Ti

225/60 R 16
4Si-A8S

103 (140)
6000
180
4300

205

9.5

1200
1450
11,6

EU 6/11.4
95
51

1895

85/8,3,5
10.0
54.3
494Ve

80
70

4.23.2.52
1.661 .22
1

3,45

5 (4)
6.5

4025
129

'290
2445
1410/1425

110
D)OI-F-Ku-Td

-01-Sf-KuT(i | SI-Sf-Ku.Td

34
35

I
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I!

At

b
C
I
0

25 Vehice length

26 Vehicle width
27 Vehicle height
28 Wheelbase
29 Track, lrontkear

30 Turningcirclediameter
31 Ground clearance
32 Suspension,

fronl
33 Suspension,

rear

34 Tires

35 Braking system

mm
rm

mm

mm

rm

mm

-al

4025
1740
1280

2460
14201490
10.4
110
DQIF-KuTd

St-SfKu-Td

b)
ASb-ABS

4210

1700
1390
2700
14201425
10,8

108

DOI-F-Ku-Td

S!-Sf-Ku-Td

4210

1700
1390

2700

1420!14265
10.8

108

001-F-Ku-Td

Si-Sf-Ku-rdt

185.65 HR 15 185/6O HR 15
4SbABS I 45b-ABS

4470
1740
1420
2725
148001490

10.5

130
DQI-F Ku-Td

MuSfKu-Td

19516 HR 15

4Sb-ABS

4430
1710
1390
2700

1410/1430
10.8
'10

DO:-F-Ku-Td

QI1-Sf-Ku-Td

205/60 VR 15
4Sb-ABS

)Front 225!45 R 17; Rear 245/40 R 17
see P 898 for abbevations andu expanatios.

902 Passenger-car specifications

Country Germany

Vehiclemake BMW (Coninued)
Model 3 3.2 316iCompact 318t9s 320k 323i Touring

Compact

1 Body style - 3C2 3Cp 5 3 Cp 5 4 Li 5 Kc 5

2 Useful power * bpi 23:21 77(105) 68 (90) 100 136) '25 (170)
a: engine speed rpm 7400 5300 4400 4000 5500

3 Max. torque Nm 236 165 190 280 245
at engine speed rpm 7400 2500 3950

4 Maximum speed krb 250 190 175 207 223
5 Acceleration from

0 io 100 kmh s 5.4 9 13.9 9-9 8,3
6 Curbweighl kg 1390 1175 1215 1375 1365
7 Gross vehide weigh kg 1660 635 1675 1875 B65
8 Weight to-power ratio kg*W 5.9 15.3 18.4 13.8 10.5
9 Fuelsonsumptnon CO km EU47.985.6 Ed5.8(10.8 EU 4,916 EU4/L,74 EU7.3/5

10 Fuel ocafe number RON 98 5 Diesel Dese 95
11 Feltank capacity 1 51 55 55 63 62

12 Engnsinewe volume cm 3201 1895 165 1951 2494
13 Bore/stoke mm 86.491 85(83.5 8082.5 84/88 8405
14 Compresson ratio - 10.5 9.7 22 19 0.5
15 Specific powe! output kWil 73.7 40.6 39.6 51.2 50.1
16 Engine ype - 6 R 4Ve 46 4 R 4 R 4e 6 R 4Ve
17 Fuer managment - El El EPeV-T EPieVT-te El
18 Alternator (14 V) A '15 80 95 120 0
19 Battery '12 V) Ah 70 50 65 90 65
26 (Enginepos.)/driveconig. - h h h h h
21 Transmission 12Hgear 4.21(2.49 4.23252 5.43295 5.0928 4.21/2.49

ratio 3 14-gear 1.661.24 1.6/1,22 1.81(1,26 1.76/125 1.66/1.24
5V6 gear 1 1 1 11

22 Final drive ratio - 3.15 3.23 2.65 2.47 2.93
23 Gearshift H /A] 5(4) 5 5 5 (54) 5 (5)
24 Couing i10.75 6.5 7.5 7 i0.5Ft

S

C-
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Passenger-car specifications 903

Ford
328i 530d 740d 840G Ka 1.3 Puma 1.4 Fiesta 1.8D

2 Ca 4 4 Li 5 4 Li 5 2 C0 4 3 Li 4 3 Co 2+2 5:3 Li 5 1

142(193) 135 (184) 175 238) 210 (286) 44 (7) 6690) 44 (60) 2
5300 4000 4000 5700 5000 5500 4800
280 390 560 420 103 123 105 3
3950 1750 1750 3900 2500 4000 2500

233 225 242 250 155 180 158 4

7,7 8 6,4 6 16 11.9 17.6
1430 1575 1960 1780 890 1035 1015 6
1830 2115 2495 2200 1265 1400 1510 7
10. 11.7 11.2 8.5 20.2 15.7 24.2 8
EU 6.813.5 EU 5-79.8 EU 7146 EU 9/19.2 EU 5,58.8 EU 5.9.S EU 4.9;6-7 9
95 Diesel Diesel 95 95 95 Diesel 10
62 70 85 90 42 42 42 11

2926
84/889

186

46.1
BR 4Ve
EP!CR-T-Ic

120

95

524/2.91
1.81/1.27
1

12.35

5 (5)
9.2

3901

84/8

18

44.9

BV4V/e

EP/CR TIc

150
110

h

3.552-24
1.55/1
0.79

2.65

(5)
16

4398

9Z!82.7

47,7
8V4 Ve
Molion e

120
130
h

4.23/2.51
1.67/1.23
1/0.83
2.93

6 )5)
12

4775 49B5 4780

1800 1860 1855
1430 1430 1340

2830 2930 26B5

151i 525 1550/1570 1555/1550

11.3 11.6 11.5
120 120 140

DG-0f-Td Cl-F-Ku-Td DG QF-f-Ku-Tc

Ma-Sf-Td Ma-StKu-Td Ma-Sl-Ku-Td

225/65 R 15 23560 WR 16 235/50 WR 16
4Sb-ABS 45b-ABS 4Sb-ABS

1299
74175.5

9.5
33.9

4R

El

55

43

v

3.15/1.93
1.28/0.95
0.76
4.06

5

5.3

1640

1400

2450

13951410

103

140

D01-F-Ku-Td

Vla-Sf-Td

15570 R 13

Sb-Tb

13889

7676.5

110.3
47.5

4R4Ve

El

55

43

v-ASR

3.15/1.93
1.38/1.03
0.76

4.19

5

6

3985

16703

1350

2445

1450/1410

10.4

1753
82.582
21.5
25.1
q4R

EPN
55
63

3.58/1.93
1.28/0.95
0.76
3.84

5

93

3830
1635
1330
2445

1430/1375
10.3
140

DQI-F4Ku-d D01-F-Ku-Td

VIa-LI-Sf-Tl Via-LI.Sf-Td

195/50 R15 155.70 H 13
Sb-D-ABS Sb-Tb

12
13
14

15

16
17

18

19
20

21

22
23
24

25
26
27
28
29
30
31

2793

84/84

10.2

50.8
6R4Ve
El

70180

70

h

4.21/2.49
1.66/24
1

2,93

5 (5)
105

4435
1710

1350
2700
1410/1420

10.8

110

DOIF-Ku-Td

Q9-LI-Sf-Ku-Td

20560WR 15
4Sb-ABS
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904 Passenger-car specifications

Country Germany

Veh clemake Ford (Continued)
Model Escort 1.6 Focus 1-8 Focus 1_P70 Modeo U2.0 Cougar 2.5i

1Sedan

1 Bodysyre - 5 53Li5 4 Li 5 4/5 Li 5 13Co

2 Usefu wer
ai engineaspeed

3 Max. torou
a! engine speed

4 Maxrmum speed

5 Accele-ation'fom
0 to' 00 kmn

6 Curb weight
7 Grossvahileweigh

8 We oht-tc-power ratio
9 Fe: consumption

10 Fue octane numner
11 Fue taak capacily

W (sop)
rprn

N m
rpm

km/h

kg
<g

kg/kW
100 km

RON

Enginasweptvouma cm'
Boasislroke mrn

Compressionatio -

Specticpoweroutput kW$

Engneype -

Fte mnagrmet -

Alternaor (14h ) A

Battery(12V) Ah
(Engine pos!/driveconig. -

Transmission 112"gear
ratio 3 4, gear

5/6 ear

Finaldrivera:.c

Geersiift

Cooling

25 Veicle ength
26 Vehicle wit

27 Veile height
28 Wheelbase
29 Track,frontrea

30 Turning circe diameler

31 Ground clearance
32 Suspension,

front

33 Sspension,
rear

34 Tires
35 Braking system

H (A)

mm

rmm

mm

mm

mm

mr

mm

See PP 9for atreviations Ia plaalions

66190)
5250

138
3500

177

12.2

100

1625
16.4
EU 6.4.10.7

95

55

1597
76.883

.0.3

41.3
q4R4Vc

El

90

4B

v
3.55/1L91
1 28/0.95
0.7f,

3.82

5
66

4140

1700
1400

2525
'440/1460
'0.5

5 (1 )
5750

1580
3750

106

102

1125
1620

13.4

EU 60.3
95

I55

1798

80.6/683

10

47.3

q4R4Ve
El

90
48

3_15/1.93
1.2/0.95
0.76

.6
-1- t

4150

1700

1460

2615
149511485
10.9

DI-F-Ku-Td DOl-F-S1$Ko-Td

Va-I-St-Td 01-I-SI-Td

175/70 R 13 185/65 R 14
Sb-Tb 4Sb-ABS

67 91)
4000
200
2000
184

12.6
'205

'620

EU 46.7

Diesl

55

1753

82.5/82
194

38.2

q4R

EP/eV-TIc

3.66s2.05
1,26/0.B6
0.67

3.56

5
6

4360

1700

1480
2615
1495/1485

10.9

DQI-F-St-Ku-Td

U -01-Sf-Td

165 14
48b-ABS

96 131)
5600

178
4000

206

9.9

1245
181-1

12.9
EJ 59./11.6
958

61,5

'9886

84./88H
'0

48.3

q4R4Ve

E ,

90

48$

v

3,42/2,14
1,45103
0.77
3.84

5(4)

4560

1750
1420

2705

'505/1465

0.9

120
D01-F-Ku-Td

DCu-LI -KuTd

185!65 R 14
4Sb-ABS

125 (170:
6250
220
4250

225

8 1
1390
'325

1.£1
EU7.3/13 4

95

6)

2544

86.4179.5

97

43.1

q6V4iV

9)

43

v

342/2.14
1 48/1.11
085

3 82

5 0)
75

4/00

1770

1320
2'05

(05/1490

0.9

D01-F-
Sl-Ku.Td

01-U-F-
S'-Ku-Td
2i560 R 15
4Cb

12

13
14
15

16

17

18
19
20

21

22

23

24
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Passenger-car specifications

Mercedes-Benz
Gaaxy 1.9T01 A 140 A 160 CDI SLK 200 SLK 230 0 240 T C 220 CDI

Kompressor

5Gi5-8 5Li SUS RuO 2Ro2 5K 4LIS

81110 6012 44(862 10)1 142:193) 125(170) 92(125 2
4150 5000 6 5 5900 4200
235 130 16 2 225 300 3
1900 3750 7 2500 3000 1800
172 170 150 205 231 216 195 4

10.8 12.9 18.5 7.7 9.5 10.5
1645 1020 1070 1 1250 1470 1340 6
2400 1480 1500 9 1555 1970 1893 7
202 17 23.9 12 58 11.4 14 .6 8
EU6.4.8.7 EU 5i698 EU4.016 EU6 2.9 EU713.3 EU7.5!143 EU512 9
Diese 95 Dies 95 D ese 10
70 54 54 53 53 62 62 11

1896
79,595,5

19 5
42-7

4R

EPieV-.T-IC
90
6,1

3.55/2.065
1.35/0.92
0.67

4.36

5(4)

117

4620

1810

1730

2835
152011505
11,7

150
01-F-Ku-Td

SI-Sf-Ku-Td

195/65 R 15
4Sb-ABS

1397
80./893

11

42.9

q4RP
E'
90

46

v-ASR-ESP
3.27/1.92
1.26/0.8B6
0.7
406

5)(5

6

3575
1720
1580
2425

1505/1450
10.7

1659
80/84

19

26

EPCR-T

90

62

v-ASR-ESP
3./2.09
1.31/0.9
0.72

3.05

.6

3575
1720
150

2425

152511470

10.7

DO I-F-S-KjTd DI1-F-Sf-Ku-Td

VIa-S-Ku-'r Via-Sf-Ku-Td

195/5O R 15 1550 RFi,

S-Tb-ABS Sb-T-ABS

1998
89.9.78.7
10.4

501

90

62
h-ASR
3.91/2-17
1,37/1
0.8

3.91

5(5)
8

4000

1720
1290

2400
1490/1470

1.6

150

DDDI-S-Ku-Td

Ra-Sf-Kj-Td

20560 q 15
4S-ABS

2295

90.9/88A

5.8

4P49
4 R4V9

Motronic-KorrrIv

62

h-ASR

3,8612.18
1.38/1
08

3,46

5 (51
8.5

4000

1720
S290

2400
1490.1470

10.6

150
DDO-Sf-Ki-Td

Ra-S-Ku-Td

205/65 R 16
4Sb-ABS

2398
83.2173.5

10

52.1
6V3Ve

M"otionic

115

74

h-ASR

1-862.8
1,38/1
0.5

5(5)
B5

4515

1725
1430

2690
15001465

10.8

150
D01]-Sf-Kt-To

Ra-Sf-Ku-T

195/65 9 15
4Sb-ABS

2151
688.4

.9

42.8

PC-T-Ic
90/125

74

h-ASR

4.1/2,18
1,381
0.8
3.07

5 (5)
8.5

4515
1725

1430
2690
1500!465
10.8

150

CDQ!-S-Ku-Td

Ra-Sf-Ku-Td

195/65 R 15
4Sb-ABS

12

13
14

i11
16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

905
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906 Passenger-car specifications

Germany

Vehicle make Mercedes-Benz (Continued)
Mocel CL 500 E 281 T E 430 CLK 200 S 320

4mac Kompressor

1 Body style - 2 Co 45 5Ko 5-7 4L 5 2 Co 4 4 b15

2 Usetu power kW {bhp) 225!306) 150(204) 2051279) 141(192) 165(224)
at engine speed rpm 5600 5700 5750 5300 3199

3 Max-torque Nm 460 270 400 270 315
a! engine speed rpm 2700 3000 3030 2503 3000

4 Maximum speed kmih 250 220 250 233 240
Acceleration from
0tol10 mos s 6.5 9.9 6.6 84 8.

6 Curbweight kg '790 1665 1575 1320 1695
7 Gross vehicle wegh kg 2320 2290 260 1020 2300
6 Weglto-powerr atio kglkW 8 9.8 77 1.4 10.3
9 Fuel consumpion 1/100 km EU-113.4 EU384116 EU:UiI6, EU7213.6 El 8117.1

10 Fuel octane nuer RON 95 95 95 98 95
11 Fue: tank capa^ily 1 88 65 60 62 88

Engine swept vo ume cm1

Boreislroke mm

Compression rat -
Specificpowerotpul AWvi

Engine type

Fuelmanagmen -
Aliernator (14 V) A

Balery (12 V Ah
(Engine pos.)idrve conig. -
Transmission 1t2 gear
ratio 3041gear

5/6:hgear

Final drive ratio
Gearshift
Coo ing

Vehicle length

Vehicle wIdth

Vehicleheight
Wheelbase
Tack, Irontrea

Turning circle diameler

Ground clearance
Suspension.
Iron!

4 (A)
i

mm
mm

mM
mm
mm

m
mm

33 Suspenson,
leaf

34 Tires

35 Braking system

4968

97/84

10

45.3

8 V3Ve
Motronic

143/150

100
h-ASP-ESP
3.59,2.19
1.41/1
0.83

2.82

(5)
1

4995

1855
1400

2885
1675/'580
11.5
150
001-01-Ku-

c-Lue
Pa-Ku-Td-Lue

225155 R 17
4Sb-ABS

2799

999735
10

53.6
6 V 3Ve

Moreani

115

74
ha

3.1U.18
*.38/
0.1
3.7

5 1)
1i

4266

99,914

46
48

8 V3Ve

Motronic
150
100
h-ASR-ESP

3.59.2.19
1,4111
0.83
2.82

)5)l
9

'998
89,9176.7

8.5
706
4 R 4Ve
MVolnic-Kom

90
62
h-ASR

3.8612.16
'.38.1
0.8
3.67

5$(5)
6

-Ic

3199
8,9'84
' 0
51.6
6/73Ve

Mro!ronc
150
74

h-AS-ESP

39332.41
r.49/1
0u13
3.A7

11
F- 4 - 4-

4820

1800
1440

2830
154011540

'60
DD00-Sf-Ku-Td

Ra-SI-Ku-Td

215i5R5 R 16

45b-ABS

480C

100
1440

2830
1540/1'540

11.3
160

4565
1720
1370
2690
1505/1475
107
150

DDOI-St-Ku-Td DCQI-SI-Ku-Td

Ra-S'-Ku-Td Ra-Sf-Ku-Td

215155 R 16 205!55 R 6
4Sb-ABS 4Sb-ABS

See PP 898 for abbreviaios and explanations.

5C40

1E55
id50
265
1!75/1675
11.7
110
DO-CI-Ku-
Tt(-ue

R-Ku-Td-Lie

225160 R 16
4Sb-ABS

Country

12
13
14
15
16
17
18
19

20
21

22

23
24

25

26
27
28
29
30
31

32
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Passenger-car specifications 907

I Opel
SL 600 ML 230 Corsa 1.0i Corsa 1.6 Astra 1.2i AstraO Zalra 1,8

2 Ro 2+2 5 Ge 5-7 35i 5 L5 315Li 3 4 5 Li 5 314/5 Li 5 Gi 5-7 1

290(394) 10 (150) 45 78136) 4865) 00 (1361 85 116) 2
5200 5400 500 600 5600 6606 5400
570 22) a2 148 1 188 170 3
3800 3800 2800 403 030 3200 3400
250 180 153 192 165 208 184 4

5
61 23 9 12
1980 1855 895 960 1170 1320 6
2320 2650 10 1435 1555 1695 2040 7
6.6 16.2 21. 12.5 21.6 11.7 11.5 8
EU 10.923.3 EU131177 EU4.6.4 EU6.07.8 EU518 EU 6.6112 EU 6,811.5 9

95 95 95 95 95 95 10
80 70 46 46 52 52 58 11

5987 2295 973 1598 1199 1998 1796 12
89180 2 90.9i88 4 72.578.6 79281.5 72 5/72 6 8686 80 5,88.2 13
10 10.4 10.1 10 5 10 1 10 8 105 14
48.4 47.9 41.1 46,8 40 O 47.3 15
12V4Ve 4R4W 3R4Ve 4R4Ve 4R4Ve 494Ve 4R4V 16
Moronic fYotronmc Motronic El Votronic El E 17
150 90 70 70 70 70 70100 1
100 62 38 44 36 44 55 19
h-ASR-ESP aa v v v v v 20
3.592.19 3.862.18 3732.14 373!2.14 '37312.14 3.5812.14 3.73)2.14 21
1,4111 1.3Bi 1.41f1,12 1 A1I1.12 1141/1.12 1 A811.12 1.41/1,12
0.93 0.8 0.89 0.89 0.89 0.89 0.69
2.65 4.73 374 74 394 3.74 4.19 22
(5) 5 5(4) 5(4) 5 5 i4) 5(4) 23
18 8.5 4.3 56 52 7 2 6.5 24

4500
1810

1290
2515
15351525
11.3

150

4590

1830
1760
2820
158011560
11,9
200

3740
1610
1420
2445

138511390
10,1

140

3740
1610
1420
2445

1385/1390
10.1
140

4111

1710
1430

2610
148511460
10.8
130

4111

1710
1430
2610
1485/146-0
10,8
130

4320

1740

1630
2690
1470/1490
11.2

150

25

26
27
28
29
30
31

DI-Db-S-Ku-Td DDOI-Tf-Ku*Td LI-C-F-Sf-Td L:QC-F-SI-Td UOI-F-Sf-Kj-Td DI-F-Sf-Ku-Td DQ-F-S!-Ku-Td 32

Ra-SI-Ku-Td DDQ[-Sf-Ku-Td Via-L-Sf-Td Via-LI-Sf-Td ViaL-S-Ku-Td Vla-L-S -Ku-Td VIa-Il-S-Ku-Td 33

245/46 R 17 225/75 R 16 16570 R 13 18560 R 14 17570 R 14 R956 R15 19565 R 15 34
48b-ABS 4Sb-ABS Sb-rb Sb-Tb Sb-Tb 4Sb 4Sb-ABS 35
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ii,.

~1~
I'
4'

II

I
I

25 Vehicle length
26 Vehicle width
27 Vehncle ieight

28 Wheelbase
29 Trac, frontirear
30 Turning circle diameter

31 Ground clearance
32 Suspension.

ront

33 Sispersion,
rear

34 Tires
35 Brak ngsytem

mm

mm

mm

mm

mm

m

mm

4495
1710
1420
2635
1465.1470

11.3

140
D01-F-S-
Ku-Td
00c-Sl-
Ku-Td

195/65 R 15

4Sb-ABS

4785
1785
1450
2730
151511530
11.0

140
D01-F-Si-
Ku-Td

01-SI-SI,
Ku-Td
205/65 P 15
4Sb-ABS

4670
1830
1780
2850
1560!1610
114

160
001-F-St-
Ku-Td
Via-LI-SI-
Ku-Td
205/65 HR 15
4Sb-ABS

4660
1785
1740

2700
15151i520
12.1

230
DDQi-t--
Ku-TdO

Sa-L- -Sf-
Ku-Td
245/70 R 16
4S0-ABS

4795

1835
1840
2760
1515/1520
12.4

210
DD01-Tf-
Ku-Td

Sa-LI-P-
Ku-Td
215/0 R 16
4Sb-ABS

See PP 88 to abbreviations and explanaores.

908 Passenger-car specifications

Country Germany

Vehicle male Opel (continued)
Model Vecra 2-5i Omega 2,5 TD Sintra 221 Frtra3 2i Monterey

30 TO

1 Body style - 55 4 Li 50G 5 . 5 30 5 3/5 O 5

2 Useiul power kW (bihp) 125 (170) 96 (I3) 104 (141) 151 (205) 117159)
al engine speed rpm 5600 4500 5400 5400 3903

3 Max. torque Nm 230 250 202 290 333
at engine sPeed rpm 3200 2200 200 3000 2000

4 Maimrnum speed km/h 230 200 103 192 160
5 Acceleration rom

0 to 100 km/h 8.5 12 12.7 9.7 15.8
6 Curbweght kg 1355 1550 1655 1780 1965
7 GossvehiceweIgh kg 1850 2120 2345 2450 2730
B Weih-t-power ratio kg/kW 10,6 t6 15.9 11,8 16.4
9 Fuel cnsumion n !00km EU7314.1 EU 61/109 EU .1/12.5 EU 10.1,17 EU9/14

10 Fueloctanenumber RON 95 Diesel 95 Diesel
1 Fuel lank capacity 1 60 75 70 6575 5

'2 Engine sweptvourne cm 2498 2497 219B 3165 2999
13 Bore/stroke mm 8169 6 8012.8 86/94.6 93.47' 95.4/'04,9
14 Compressonri - 10.8 22,5 10.5 9,4 19
'5 Spec tipoweroutput kW1 50 32.4 47.3 47.7 39
'6 Engine lype - 6V 4Ve SR q 4 R 4Ve 6 V 4V 4 R
17 Fuel management - Moonic EcPeV-Tc El Motraric ERCR-T-Ic
16 Alternator (14 VI A 100 105 105 1013 VI 60
19 Baltery (12 V) Ah 66 85 54 60 150
20 (Engne po.)/drive conlig. - v h v as a
21 Transmission 1/2ndgear 3-58!2,02 3.81/2.11 3.67/1-76 3.771225 3.7712.25

ratio 31/4gear 1 3,0598 1.341 1.1&0.89 1.4/1 I1.4/1
5m16 gear 0.61 0.75 0.7 0.81 0.81

22 Final dreve ra- 3,64 3.45 4.05 4.3 4.56
23 Gearsh ft H (A) 5(4) 5(41 5 5(4) 5
24 Cooling 1 77 10.2 8.5 11.1 5.8
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Passenger-car specifications 909

Porsche VW (Volkswagen)
Boxster 2.5i 911 Carrera 91' GT3 3 6 Ltpo 10 Lupo 1,2 TDI Polo 4 Polo Vara

3.4 
1.9TOI

2Ca2 2 CoCa 2+2 2 CoCa 2+2 3 L 4-5 3 .i 4-5 3/5 Li 5 5 Ko 5 1
160(241
6000
245
4500
240

6.9
1250
1560
8,3
EU 7.1/14.3
98
57

2480
85.5,72
11

60.5
6BX4Ve
Moironoco

115
60.75
h

3.5/2.12
1.43103
0.79
3.89

5 (5)

221 (300)
6800
350
4600

280

5.2
1320
1723
6
EU 85/172

98
64

3387
9671B
11.3

55.2
6 Bx 4Ve

Mot-onlc

120
70

3.822.2
1.52.L22
1.0210.84
3.44

6(5)
22.5

26(360)
6800
370
5000
> 280

4.8
1320
1720
6
lEd. 10/22

98

64

3600

10076.4
11.3

73.6

6Bx4Ve

Mot1:ooic

120
70
h

3.82/2.15
1.56/1.2
097/3.75
3.44

6 5)
22.5

37 (50)
50003
85
3000
152

17.9
895
1350
24,2

EU 4.8,7.6
95
34

999
67_1/70.6
107
37

q4 R
El
70
36

3,46/1.96
1.36/1.05
0.86
4.23

5

46/61)
4000
140
1800
165

165
780
1200
17.3
EU 2.73.7
Diesel

34

1196
76.5/B67
19-5

37.6

EPUIS-TIn
70
36

V

3.4611.96
1.8/0.681
064
3.33

5
5

74(1011
6000
128
4400
188

10.5
950
1450q
12.8
EU 5496
95
45

13903
76.5:756
10.5
532

El

70
44

v

3.45/2.1
1-45/1,1>

.89
3.58

5-5

66 (90)
4000
210
1903
180

12.5

1135
1595
17.2
EU 4.1,6.4
Dseo

45

1896
79.5 15.5
19.5
34,8
4R
E61eV-T Iz

90
61

3.3/1 94
1 C109
0 72
116

6.5
4 - 4- -------------.4 --4 __

4315 4430 4430
1780 1765 1780
1290 1300 1270
2415 2350 2350
1465/1525 1455/1500 146511480
10.9 12 1 12.1

0l1-U-F-S- 001-F-Sf- DOI-F-SI-
Ku-Td Ku-TO Ku-Td
01-L-F-S-Ku-Td Ma-Sf-Ku-Td ,Ms-S1-Ku-Td

205/55 ZR 16 206 ZR 17 22540 ZR 18
4Sb-ABS 48b-ABS 4Sb-ABS

3525
1640
1460

2325
139031400
9.8
110
DQI-F-SI-To

Via.LI.Sf-Td

15570 R 13
SWTb

3525
1640
1460
2325
1390,-1400

9.8
110
DQI-F-S-Td

VIa-Ll-$f-TdI

155;65 SR 14
Sb-Tb-ABS

3715
1655
1420

24056
1350 1380
10.4
110
DOI-F-SI-
Ku-Td
VIa-LI-SI-Ku Id

180/55 R11

Sb-Th ABS

4140

1640

1460
2440
1430/1390

10.9

110

DO-F

VIa-LI-Sf-Td

18560 R 14
Sb-TbABS

2

34

35
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910 Passenger-car specifications

Country Germany

Vehiclemake VW(Volkswagen) (continued)
Model New eetle ColIV2.3 Bora1. Passat Variant Passat 1.9 TDI

2.0 VFS 2,8SyncroVR68

1 Bodys yle 2Li4 M iK 4L 5Ko5 4Li5

2 Useul power kW (bhp) 85(116) 110)150) 74(101) 142 193) 85 116)
at engine speed rpm 5200 6000 5600 6000 4000

3 Max.orqu Nm 170 205 145 280 285
atenine speed rpm 2400 3200 3800 3200 1900

4 Maximum speed kmh 85 216 188 238 200
5 Accelera'on from

C to 100 xmb s 1 8.8 11.7 7.6 10.7
6 Cuibweght kg 1230 1245 1185 1495 1320
7 Gross vehicleweigh kg 150 100 1720 2040 180
8 Weight-topowerratio kg/KW 14. 11.3 16 10.2 15.5

9 Fuel consumpin h100 km EU6.911.8 EU723.2 EU 610.6 EU 8/15.2 EU 437

10 Fuel ocia e ntmber RON 95 5 95 95 Diese
1' Fuel tan capacy 1 55 55 55 62 62

12 Engine swept vume cm 1994 2324 1595 2771 1896
13 Borestroke mm 82,5192,8 8190.2 81774 82586.4 79.5/955
14 Compression ratio - 105 01 10.3 10.6 18
15 Speeic power output 4Wil 428 47.3 46.4 51,2 44.8
16 Engine type - q4114 R 6 V 5Ve 4 R
17 Fuelmanagement Moironic El El El EP/UIS-Tic
18 Aiernator (14 V) A 7-,90 70 70 90 120
19 Batlery (12 V) Ah 460 K 4460 320 A 80
20 (Engine pos!dfve config - a v v aa v
21 Transmisston I 2' ge 37212 3,3*194 3.46/1.94 3.5/194 3.5/1.94

ratio 340 ea1.37/1.03 3 r.3/0.94 1.2210.88
5'i6;gear 0.64 0.4.85 0.79 0.69

22 Final drsve ratio - 4.24 394 4.25 3.89 3.56
23 Gearshil H (A) 5(4) 5{4) 5(4) 5 f5) 5i(4)
24 Cooing 1 5,3 5. 5.5 6.5 6.5

25 Vehicle length

26 Vehcle width
27 Vehicle height
28 Wheelbase
29 Track, Ironfrear

30 Turning cirde diameter
3' Ground clearance
32 Suspension,

front

33 Suspension,
rear

34 Tires
35 Sraking system

mm
mm
mm
mm
mm

m
mm-

4080

1725

1500
2510
151011495
'0.95
130
D00-F-
Ku-Td

VIa-Sf-

205R16
4Sb-ABS

4150
1735
1440
2510
1510/14902

10.9
130
DQI-F-Sf-
Ku-Td
Via-L-St-
Ku-Td
205!55 Wq 16
45b-ABS

4375

1735
1440

2515
1515/1485

10,9
*30
DI-F-S-
Ku-Td
Via-USi-
Ku-Td

195/65 H 15
4Sb-ABS

4675

1740
1500

2705
'500/1500
11.4
110
QI-LI-F-Sf-
Ku-Td

Kc-Td

205/65 R 16
4St-ABS

4675

1740
1460
2705
1500/1500
11.4

110
01-LU-F-SI-
Ku-Td
Via-L.-SI-
Ku-Td

195/651 R 15
4Sb-ABS

See PP 898 or abbeviations and explanaions.
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Passenger-car specifications 911

France

Citroen
Sharan 1.8 axo1.0i Sao 0.61 Beirgo 1.41 Berlingo 1.9D Xsara 1 .i Xsara 19TD

50i5-7 53US 35 3!4:SKoS 554/5Ko5 5Ko5 53U5 1

110 ()15) 37 (51 66(90) 55 (75) 50 (H) 66 (90) 66 (93) 2
5700 6000 5600 5500 4600 5000 4000

210 74 137 111 120 147 196 3
1750 3700 3000 3430 2000 2600 2200

194 149 187 153 142 182 178 4

5
12 19.1 114 14.6 16.3 135 12.7

166o 825 920 1125 1165 1120 1140 6
2400 1240 1360 1780 '840 1650 1690 7

15,1 21.8 13.9 20'5 23.7 16.2 17.2 6

EU 7.9113.9 EU 5.8,3 EU 589.9 EU 5.99.2 EU 14. 6 EU 6.211 EU 52 B 9

95 95 95 95 Diesel 95 Diesel 10

70 45 45 56 55 54 54 11

1781 954 1587 1361 1925 1762 1905 12

81/86.4 7062 78 5182 75,77 83188 8381.4 83/8 13

9.5 9.4 9.6 10.2 23 9,5 21.8 14

61.7 38.B 40.9 40.4 26.2 37.4 34.6 is
4R5W q4R q4R qSR q4R q4R q4R 16
EI-T-c Mono-Molonic Mottonic El EPN El E -PTIc 17

70/90 50 63,3 6070 70/80 '670 70160 18

280 A 250 A 250 A 20 A 3004 A 250 A 3001400 A 19
v v V v V v v 20
35812.05 1.421.81 3.42/195 3.42195 3.4211.95 3.451187 3.45/1.87 21
1.3510,97 1.28/0-98 1.361105 1.36/105 1.36/1.05 1.260.95 1.15/0.83
0.B1 0.77 0.85 0.05 0.85 0.8 0 66
4.06 4.29 3.56 4.54 4.53 3.67 4.05 22

5(4) 5 5 5/4 5 5 5 23

6,5 6.1 6.1 6.5 8.5 7.5 9 24

4620
1810

1730
2845
1510/1500
11.7

150
DOl-F-S-

SI-SfKu-Td

195.65 R 15
4Sb-ABS

3720
1595
1370
2385

1370/1300
10.0
120
D01-F-
Ku-Td
L.Tf-Kj-Td

3740
1620
1360
2385
1400320

10.9
120
D31-F-
Ku-Td
L-TI-Ku-To

4110
1720
1800
2690
1420/1440
10.7
140
DQ1-F

L-TI-Td

4110
'720
1800
2690
1420P440
!07
140
D01-F

LI-Tf-TO

4355
1790
1420

2540
1420/1430
114
110

DQ0-F-SI-
Ku-Td
Ea-U-T-
Ku-Td

4355
1790
1390
2540
1435/1440
11.4
110
DOI-F-St-
Ku-TO
Ea-LI-T-
Ku-Td

15570 R 13 O185/5 R 14 16570 14 16570 R 14 16565 R 14 185165 R 14
So-Tb Sb-Tb Sb-Tb Sb-Tb Sb-Tb Sb-To

25
26
27
28
29

30
31

32

33

34
35
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912 Passenger-car specifications1~1

25 Vehiclelength

26 Vehicle width

27 Vehicleheghtr

28 Wheelbase

29 Track,irontkear

30 Turning cireedameer

31 Ground clearance
32 Suspension,

front

33 Suspension,
rear

34 Tires
35 Braking system

rm
mm

mm

rnm

mm

mm

4275
1750)
1640
2760
1435/1450

12.0

150

DQF-7Si-Ku

Ea-LI-Tf-Ku

185/65 R I5
Sb-Tb-ABS

Country France

Vetic make Citroen (continued) MCC
Moee XsaraPicasso Xara 2,9i XV 2.5TD Evasicn 1.9TD Smart 0.6

2.0 TCI

1 Bodystyle - 5615 5'15 5IS 5015+3 2Mrc2

2 Useinlpower kW (Vp 80 (101 143'!94) 96(13r) 66 91 33(45)
atenginespeed rpm 4000 5500 4300 4000 5250

3 Matx.toque Nm 250 273 294 196 70
at engine speed rpm 1750 4000 2000 2250 3000

4 Maximum speed kmih 183 230 201 160 135
5 Acceleraton from

0 to 103 km/ s 125 8-2 12.1 16.8 18.9
6 Curbweight kg 1300 1470 1550 1585 720
7 Grossvehicleweight kg - 1950 2130 2360 980
8 Weight-to-powerraio kg/kW 16 3 10.5 16.6 24 21'8
9 Fel consumption I n E .518 EU 8/15.9 EU 5.9/10.9 EU 6.10.6 (Er,) 4.8(7

10 Felocianenumef RON Diesel 95 Diesel Diesel 95
11 Fuel tank capacity r - 65 80 80 22

12 Eng ne swept vourne cm] 1998 2946 2446 '905 599
13 Boreastroke mm 86/86 87/82.6 92/92 93.88 63.5/63
14 Compressesratio - 18 10.5 22 21.8 9.5
15 Specs powerouit k'Wi 40 47,5 38.8 34.6 55
16 Egnetype - 48 q 6 V 4Ve 4 R 3Ve q4R 3 R
17 F Ie management - EPCR-IC Motronic EPleV-T-Ic ERi-WIc Mloonic
18 Alternator ('4 V) A 60/70 90 120 70180 40
19 BEltery (12 V) Ah 25 A 300 A 450 A 300/40 A 35
20 (Engine pos./drve conig - v v v a nh
21 Transmissinr 1 2 gear - 3.251176 342/1 86 3.421 94 3.3/2.45

rato 314 gear 1.19-0.88 1160 86 1.210 75 1.76
51,61 gear 07 0.64 0.67

22 Final drive ratio - - 431 406 4.54 4.21/1.67
23 Gearorf;t H(A) 5 5/4) 5(4) 5 2x3[SOFTIP
24 Cooling 6.5 10 13 9 3.5

2035606 H

4Sb-ABS

I ro 1357C R5;Rear 1755 R 5
See .898Ic'oreviaons and eplanaina

4710
1795

1390
2B50

1520/1445

12.4

140

HI-DO-F-Ku

HIf-L-Ku

20565 R '5
48b-ABS

4455

1820
1710
2825
15354940

123

130
DQl-FSfT4

VIa-LI-P-Sf-Td

205/6 R 15
Sb-Tb

2500
1515
1529
1812

1285/1355

8.5
131

DOQ-OI-Ku-To

De Wa-SI-
Ku-Td

Sb-inABS

4525

`7355

1400

2740
'500/1455
12,0

160

Hf-DtO-F-Ku
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Passenger-car specifications 913

MCC Peugeot
Smarl0.8 TD 106 1.4 2K6 2.0i 30 1.8i 3G6 Break Parner 1 406 Break 2.9i

2.0 TD I

2 Mc 2 3iSL - K 5 3/4/5 Ko 5 5Ko5

55 (75
5503

3400
178

13.2
615

1315
14,8
EU 5.49.4

95
45

1361
75.77

10.2

40A
q4R
El I

80
200 A
v

3,4218
1.28/0.986
0.77

3.7%5

5(3
6

99 :135) 81 (110) 66 (90)
6000 5500 4000

190 l55 205
4100 4250 900

212 193

8.4 1.6 13.2

1050 1095 1200

1560 560 1655
10.6 3.5 17.2
EU 6.210.9 EU 6312 FU 4.4;72

95 95 Dase5

50 60 60

1997

65.b66

q: R 4Ve

El

70

300 A

3.46/1.67
1-351,05
0.86
3.79

5

7.8

1762

I0A

46

El

70
300 A

3.4511.87
1,30/.05
0.79
3.951.79
5

6.5

1997
85!88
186

33

4 R

EPR-T
901120/150
300 A

3.4611.87
1.15.0.83
0,66
768

7

65 90)
5000
147
200
160

12.2
1170
1780

17.7

EU 7.1111,9
95
5s

1762
83-81.4

9.25
37.5
q4R

El

80
250 A
v

3.421-95
136/1.05
0.85
4.54

S

140 (190)
5500

267
4000
227

B.5

1505
2175
10.4
EU 8195.6

95

70

2946
87;82.6

10.5

47.5

6V4Ve

Maronic
157
300 A

3_25/1.78
1.1910.88
0.7
4.31

514)

7.8
-I -- 3 -- _____________

3580 3835 4265 4345
1590 1650 1690 1090

1360 1430 1380 1410

2385 2440 2580 2580

1380:1310 1435:1430 1460/1430 146011430

11.0 10.2 11.0 113

130 110 '30 130
D01-F 0O-F-Td DO-F DO F

L-TI-Td LI-Tf-Td L-TI-i L-TO-Td

165/70 R 13 16555 R5 1865514 195/55R1

St-Tb 45b St-Tb 4Sb

4110
1720
1800
2690

1420/1440
107
140
DC0iF

LI-T-Td

4735
1765
1500
2700
150011480
12.0
130

DOI-F-Ku

6
7
6

9

10

ii

12

13

14

15

16

17

18

19

20
21

22
23

24

25

26
27
28
29
30

31
32

33

19bt65 H i 20:60 V1 1 34
Sb-T I 45b-AB 35

30 (40)
4000

100
2000

135

17,5

720
980

iEd.) 3.4/5.5

Diese!

22

approx.800

37.5

3R

EPICR-T-c

40

35

h-h

3.3&12.45
176

4.21/1.67

2x3[SOFTIP]
3.5

2500
1515
1529
1812
1285/1355
865

131

DOi-Of-Ka-Td

De-Wa-Sl-
Ku-Td

Sb-Tb-ABS
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914 Passenger-car specifications
rIi

1(1

Ii

ft
IC0
r

(1

25

26
27

28
29

30

31

32

Vehicle ength
Veiclewidth

Vehicleheight

Wheelbase
Tack, rontkear

Turning circ diame er

Ground clearance

mm

mm

mm

mm

mm

m

mm

Suspension,
froril

33 Suspension,
rear

34 Tires
35 Braking system

4600
1765
1400

2700

1500/1480

12.0

130
DOl-F-Ku

Ma-St-Ku-Td

195.65 HR 15

4Sb-ABS

4765

1800
1410

2800

1525/1530
12.0
100
DO-F-Ka-TdI

00301-01-5S
Kj-TdI

205/60 VR 15
4Sb-ABS

See PP 898 for abbrev ations and expanations.

4455
:835

1710

2825

1535/1540
12.3

140

DQ-F-So-
Ku-Td
VIa-LI-P-S!-
Ku-Td
205/65 R 15
Sb-Tb

3995
1660
1830
2600

1400, 410

10.9
140
DO-FSl-
Ku-Id

Ea-LI-f-S-
Ku-Td
16570 R 13

Sb-Ta

3775
1640

1420

2470
1390/1370
11.1
120
001l-F-Ku-Td

Ta-St-
Ku-Td
165/70 R 13
Sb-Tb-ABS

Country France

Vehice make Peugeot(continued) Renault
Model 406 2,0 TI 605 2. 8062 1T Kango 1 l1i Clio 16i

1 Body style - 4-LiS 41i5 505-8 4 Ko 35 Li 5

2 Useful power kW ibhp) 80(109 108147) 80(9 43 (56) 79 (107)
at engine speed rpm i3 5330 4300 5250 5750

3 Max. torque Nm 250 235 250 93 148
at engine speed rpm 1750 2530 2030 2500 3750

4 Maximum speed kmh 191 213 175 140 195
5 Acceleration torn

0 to100 km/h s 2_5 10 14.17.2 9.6
6 Curb weight ig 1410 1515 1615 1020 995
7 Gross vehicet weight kg 1950 1935 2365 1600 1515
6 Weigilt-o-powe, ratio kgikW 16 14 20.2 23.7 126
9 Fuel consumpion 1100 km EU4517. EU6.;4.5 61/82/6 EU 6 18.3 EU64

10 Fuel oclane nomber RON Diesel 95 Druse! 95 95
11 Fel tank capacity I 7D 80 80 52 50

12 Engne swept volume cm  1997 1998 2088 1149 1098
13 Bcreistroke mm 85/88 51 85.92 69768 79.680.5
f 4 Compression ratro - l8 8 21,5 9.6 10
15 Specic power otput kWi 40.1 54 383 37.4 49.4
16 Engine type 4 R q 4 R q 4 R 4Ve
17 Fel management EPCR-T-lc Votrci-Tlc EP1V-TIE-l El
18 Alternator(14 V) A 157 80 70600.90 00 50
19 Battery (12 V) Ah 300A 30A 40D 40 50
20 (Enginepos.)idriveonig, - v v v v
21 Transmission 212 gea' 3.42/1.78 317/1.2 342178 3.72/205 3.3611.86

raiio 3n! gear. 1.1290.18 .25,0.97 i.1210.8 1 03 1.32/1.03
5 h6 gear 0.61 0.77 0.61 0.82 0.82

22 Finaldriveratio - 4.06 4.06 4.79 421 4.07
23 Gearshill H (A) 5(4) 54) 5 5 5
24 CooIng 1 8.5 7.6 10,5 637 5.7

I,

3,

I
V
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Passenger-car specifications 915

Clo 1.9 D Sport spicer Mganel.41 AMegane Megane Megane Laguia Break
BTeak 1.9 DT1 ScenL 2Oi Cabriolet 2-0 1.8i

415 Li5 5Ko 5 50I15 2Ca 4 SKo5
-4- -4 4- 4 -4. 4--

70 (95)
6000
127
3750
'84

11.8
1015

15.0
EU5.2.9.2
95

60

72 (98)
4000
200
2000
183

12.3
!135
1685
15.5
EU 44/6.8

D'esel

60

84(114)
5400
160
4250
185

1.1
1270
1800
15.1
EU 7.1/12
95

60

103(140)
5500
200
4250
210

9
1135
1555
11
EU 6.1/10.2

95
60

-4 4- -4 -. -4.

390
79 570
10
50.3
4R4Ve
El
70
50
v

3.09i.0.6
1.32'1 02
0.79
4.06

5

6.5

4400
1700
1420
2580
145011430
1,4

'20
D1I-F-Ku

LI-TI-KL

20550 VR1 175/65 R 14

45b Sb-Tb

1870

80.93
18.3
38.5

R A
EPeV-T

70

70

v

3.732.05
1,321,03
0.5
3.29
5
7.4

4440
1700

1420
2580
1450/1430

11.4

120
00-F-Ku

LI-TI-Ku

17a65 R 14

Sb-Tb

1998
82.7,/93
9.7
42

4R
El
70
50
v

3,37/2,05
.361.1

0.82
4.06

5(4)
7,1

4130
1720

2680

1450.1470
11.4

10
DQ-F-Ku

LI-Tf-Ku

1998
B27.93
10
51.5

Eld
70
50
v

3.361.86
1.3211.03
0.82
3.94
5
6.5

4030
1700
1370
2470
1450/1430
11.2

120
DO-F-Ku

L'-TI-Ku

88 (120)
5750
165
3750
203

11,1

1310
2075
14.4

EU 6510.8
95
66

1783
B27183
9.8

49.3

q4R4Ve

El
90

50
v

3.72/2.05
1.3911.1
-0.09
3.7
5
7.3

4630
1750
1470
2670
14801460

11.5

120
DQI-F-Ku

L!-Tf-Ku-Td

185/65 R 15 195/50 VR 16 195;65 R 15
Sb-Tb 4Sb-ABS Sb-Th-ABS

2

25
26
27
28

29
30
31
32

33

2Ro2

10: 150)
6000
186
4500
215

6.9
930
1130
7.2
EU7.4,9

50

47 (64)
4500
120
2250
161

15.4

75
1550
20.7
EU 4.99
Diesel
50

1870
B3C93

21,5
25.1

q4R

EPN V
70
70
v

3.36/'1.86
1.3211.03
0.79
3.57

5
7.4

3775
1640
1420
2470
1405/1385
10.7
120
DOi-F-Ku-Td

Ta-Sf-Ku-Td

16570 R 13
SbTb

19980
82.793
9.8

511

4R4Ve
El
70
50
Mm-h

3.361.86
1.39.1.09
0.09
4.06
5
5.5

3795
1830
1250
2340
153511540

9.0

DDQI-Ku

Di-Ku
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916 Passenger-car spec ifcations

Country France Great Britain

Vehiemae Renault (continued) AV AstonMartinBentley
Model Satrane 2.. Bace2.2TO Aceca 4.6 V8 Voare Amrage 4.4 TI

____________________5.3i Canver ile

1 Bodyslye - 5 J5 50i57 2Ca2 2Ca4 4Li5

2 Usel powe kW (bhp) 140 (190) 83(113) 240(326) 261 (355) 260 (354)
atenginespeed rpm 5750 4500 5800 6000 5500

3 Mex.torque Nm 267 250 427 500 570
at engine speed rpm 4000 2000 4600 4300 2500

4 Maxnm speed kmh 225 175 250 > 240 240
5 Accelerat rom

0to 00km'h s 9.5 14-5 5-7 5.9 6.5
6 Curbweigh: kg 1580 1630 1t10 2050 2300
7 Grossaeh'ile weigi kg 2125 2510 - 2370 2750
8 Weigh-owerraio kg/kW 11.3 196 3 7,5 88
9 -he consumption it km EU8176S7 EU 6329.6 EU 10-5151 (Ed.) 1422 EU 13.1/214
D Puetoctanenumber RON 95 Diesel 98 --

1 Fuet ank capaciy i 80 78 90 t06 94

2 Engne swept volume cm] 2946 2188 4601 5341 4398
3 Bore/sroke mm /.6 97:92 02190 100/85 92/82.7
4 Compressionratio - 10.5 23 985 9,75 8.5
5 Specific Lower ouiput W11 47.5 379 52.2 48.9 59.1

16 Engine type - 6V4Ve q4R3Ve V4Ve 8 V 4Ve 8 V 4Ve
17 Fue management - El EPW El El Motsonic Tio
18 Al1emator (14 V) A 75 80 9 75 140
19 Bartery (12 V) An 30A F. 60 68 90
20 (Ergire pos)drve centig - I. VA$R
21 Transmission 112 gear 3.71.7729/18 3.55/2.24

ratio 3.14ngear .19 19 1 122/ 1.55/1
511/1,gear 0.7 0.79

22 FinaIdriverato - 4.73 31 3.23 3.04 2.93
23 Gearsh tr HtA) 5(4) 56 5 S-6(4) (5)
24 Cooling 1 7.8 71 18 18

25 Vhole lengh mm 4770 4515 4420 4945 5390
26 Vehcle width rn r 1820 1810 1870 1920 1930
27 Vehidet'eight Mm 1440 1690 1300 1350 1520
26 Wheelbase mm 2770 2700 2470 2810 3115
29 Track, frontUrear mm 1530/1490 1535/1540 15901570 151011550 1611610
30 Turning circle diameter m 11.4 11.4 10.5 12.8 12.9
31 Groundclearance mm 120 110 - 100 140
32 Suspesson. - DQ -F-Ku QI0-F-Ka DDOl-S- DOI-Sf- DDO--S-

iront Ku-Td Ku-Td Ku-Td
33 Suspension, - 0-Sf-Ku Sa-LI-P- Ea-DD1-Sf De-Wa-LI- Ea-DDQ-St-

rear KUaTd Ku-Td Sf-Td Ku-Td
34 Tires 205,60 R 1 20565 H 15 -;) 255/50 ZR 18 25555 Z17
35 Braking sysem 4Sb-ABS SbTh-ABS 4Sb-ABS 45b-ABS 4Sb-ABS

1) Front 236/45 ZR 17; Rear 25540 ZR 17
See P 898 fot abbreviation andeplntions.
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Passenger-car specifications 917

Daimler Jaguar MG RoIls-Royc( Rover
Azure 6.8 TI V84.Oi S-Tvpe 30i XKR 4,Oi MG:i1-i Si iver Seraph 214 1.4i

_________ _______ ________S~pe' cha'ged 5.41

2GCa4 4Li 5 4 b5 2Co 2+2 2 Ca2 ]4LiS 5/5

286 369)
4000
7-0
2000
241

6.7

2610
2980
8.5
EU 13.257

108

6750
104.14i99.06
8
42.4
8 V

'20

71
hASR
2,45fl4
2.481148
110.75

2.69
(4)

68

216294)
6 00
393
4250
240

7.3
1730
2260
8.3
EU 9/16.9

95
81

396
86186
10.75
52.3
8V4Ve
E
140

92
'-ASIR
3.57:2.2
1.511
0.8
3.08

(5)
10

179 (243)
6800
300

235

7.5

1630
2030
9.3
EU 8Y14

95
69.5

2967
8979.5
105
59
6V4VS

El
130
72
h-ASR

423!2.52
1,67!1.22
1
3.07

5 0)
10

276 (375
6150
525
3600
250

8 4

1640
2010
6.2
EU 9.6!167

95
75

3996
86

886
9
66.8
8V4Ve

El-Komc-c
901140
72/92
h-ASR

3.59/2.'9
1.41/1
0.83
3.06
15)

12

88 120)1
6.500
1665
3000
193

9.2

1060

1320
12
EU 5.7T10-2
95
50

1795
80/89.3

10.5
49

4R4Ve

E:
60
'5

3-711.84
1.3111.03
0.77
3946

6S

240 326)
5000

490
3900
225

7

2300
2750
9.6
EU 12.6/25.4

95
94

5379
8579
10
44.6

12V

Mo ranic
140
90
h-ASR

3.55/2.24
1.65/1
0.79
2.93

15

76 (103'
6000
127
3000
'85

107
'000
1480
13.4
EU 5.419.9
95
50

1396
7579
10.5
54.4

q4R4RVe
El

65
45

3.42'1.95
1.33!1.05
0.85

3.94

55
5.5

____________ ___________F F 4 4
5340
1880
1480

3060
1550/1650

12.9

'40

DQ1-S'-Ku

SI-Sf-Ku

4St-ABS

17

5150
1800
1380
2995
150V/1500
13.2
110
DODI.SI-
Kj-Td
0-Sf-Ku-Td

225/606 R ,6
4S-ABS

4860
1820
1450
2910
154511535

12.1

140

0001-Sf-
Ku-Td
Ea-DD-Sf-
KuI Td

225165 R 16

4Sb-AB 

4760
1830
1290
2590
155011500

11.0

DDOI-Sf-
Ku-Td
Q1-Sf-K:-Td

1)
4S6-ABS

3920
1630
1260

2375
1400/1410

10.5
120
D0-0 Hv

0lI-Hv

20550 R 15
4Sb-ABS

5390
1930
1520
3115
1610/1610
12.6
140

DOI-St-Ku

23546 V 1
45b-ABS

3970
1690
1420

2500
1470/1470
10.2
120
DOI-SI-Ku-Td

Via-Sf-Td

185/60 HR 14
Sb-Tb

4

6
7
8
9

10
11

12
13
14

15

16

17

16

19

20

21

22

23

24

25
26
27
28
29
30
31

32

33

34
35

1Front 245.45 ZR 18; Rear 255!45 ZR 18
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918 Passenger-car specifications

Country Great ritain Italy
Vhidemake Rover(continued) AlfaRomeo
Model 4202.0TO 752.0 752,0TD 14516i1S. 1461.9JTD

1 Bodystyle - 4!5L5 4Li5 4L5 3LiS 4Li5

2 Useful power kW (bhp) 77 (105) 110050) 85116) 88(120) 77 (105)
at engine speed rpm 4200 6500 4000 6300 4000

3 Max torque Nm 210 1.5 20 144 255
at eng ne speed rpm 2000 4000 2000 4500 2000

4 Maximn speed km/h 185 210 193 195 187
5 Acceleration from

Co 100 kmbr s 11 10,2 11.7 10.2 10.5
6 Cr weig kg 1220 1370 1410 1165 1245
7 Gross vehiceweight kg 1550 - - 1685 1765
8 Weight-o-Power ratio kgkW 15,8 10.0 16.6 13.2 15.7
9 Fuel consumption V100 km E] 4.37.1 EUEU3,5 (6/17 EU6&i1.1 EU 4.77.6

10 Fuel ctane number RON Cinse 98 Diesel 95 Diesel
11 Fuelrankcapacily 1 55 66 66 51 61

12 Engine swept volume cn 1  1994 1991 1951 1598 1910
13 Boreistoke mm 84.5/89.9 0166 84 8275.65 82190.4
14 Ccmoression raio - 19.5 10.5 15,5 10.3 18.45
15 Specific power outpa kWR 38.6 55-2 43-6 55.1 40.3
16 Engier tye - q 4 qV e q4R4Ve q 4 R 4Ve a 4 R
17 Fue management - EP!eV-T-lc El EP/CST-Ic Moironic-2Ke ERPCR-T-lc
18 Aierratur 14V) A 65 - - 75185 70
19 Bai'y (12 V) Ah 65 - - 4'50 60
20 (Engine pos.)ldrve config. - v v V v
21 Transmission 11 2d gear 3.42/1.95 3.58/2.02 3.58202 3.9112.24 3.91/2.24ratie 3/41 gear 1.33/1.05 135/1.03 1_29i0.92 1.52/1.16 1,4411,03

5W6m gear 0.85 0.81 0.69 0,97 0.77
22 Fina drive ratio - 3.94 4.41 3-74 3556 3.05
23 Gearshift H (A) 5 5(5) 5 (5 5 5
24 Cooling 1 8.4 - - 6.4 8.9

25 Vehicle length rim 4490 4745 4745 4060 4235
26 Vehicle width mm 1700 1780 1780 1710 1710
27 Vehicle height mm 1390 1430 1430 1430 1430
28 Wheelbase mm 2620 2745 2745 2540 2540
29 Track, frontrea' mm 1480/1470 1505/1505 1505/1505 1470/1440 1470/1440
30 Turning crcle diameter m 10.5 12.0 12.0 10.5 10's
31 Ground clearace mm 150 120 120 120 120
32 Suspension, - D-01Ku 001-D-Sf- 001-F-Ku-Td D0G-F-Ku.-d DQi-F-Ku-Td

front Ku-Td
33 Suspension, - Ql-0-Zl-Sf-Td Ma-St-Ku-Td Ma-Sf-KuTd L-St-Ku-Tt LI-Sf-Ku-Td

rear
34 Tires - 175/65 R 14 19565 R 15 195!65 R 15 185/6 R 14 18560 R 4
35 Braking system Sb-Tb 4Sb-ABS 4Sb-ABS 4Sb-ABS 4Sb-ABS

See PP 698 for abbreviatiors and exclanations
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Passenger-car specifications 919

IFerrari Fiat
166 2,5i 166 2.4 JTD GTV 3.0i 456GT 55 Seicnto 0.9i Punto 1.4i.e. Cotpe 2.0i

Spider Turbo Tro

4 L: 5 U53 2a2 2CO2-2 5 3 L 2Co4 1

140 (190) 100 (136) 162 (220) 325 (442) 29(39) 96 (131) 162(220) 2
6300 4000 6300 6250 5500 5600 5750

222 304 270 550 65 200 310 3
5000 2000 5000 4500 3000 3000 2500

230 202 250 > 300 140 200 250 4

7.3 9.9 6.7 5-2 18 7.9 6.5

-320 1490 1350 1790 705 I000 1310 6

1620 2000 16i0 2200 1190 1450 1720 7

9.4 14,9 8.7 5 24.3 10.4 8.1 8

EU 8.416.5 EU 5,493 EU 8.716.8 11.6121/29.8 EU 5.1.7-9 EU 6.411.7 EU 7.6/14.4 9

95 Diese 95 96 95 95 95 10

63 72 70 110 35 47 63 11

2492 2387 2959 5474 899 !372 1998 12

88683 82/90.4 9372.6 8675 65/67.7 80.5.67-4 82/75.65 13

10.3 18.45 '0 10.6 8.8 7.8 8.5 14

56.2 41.9 54.7 59.4 322 70 81.1 15

q6V4Ve q5R q6V4Ve 12V4Ve q4q q4R c5R4Ve '6

Mtronic EP:CR-T-I Motor c Malro'ic El Motcic-T- Ic Motronic-T-c 17
120 100 120 140 55;65 65/85 100 16

70 100 70 70 40 400 50 19

v v v h v v 20

0.5/2.24 38/2.24 3,5224 2 921.9 3,91/2.05 19'/2,24 3,9/224 21
1,52/1.16 1 36.0.97 152/1. 16 107/1,07 1.4098 1.52/6 1.52/1.16

0.97/0.82 0.70061 0.97/0.82 06 7/0.74 0.84 0.87 0.91
3.94 3.18 3.56 3,64 4,07 0.05 3.1 22

6(4) 6 6(4) 5 5 5/6 23

9.2 9.1 11.7 20 4.8 6 7,2 24

4430
1745
'420

2595
1510;1500
'1.6
140
DDDI-S-1Ku-Td

DOu-LI-F-Ku-TO

25/0 R 15
450-ABS

4720
1815
1420

2700
15471530
'1.6

140
DD01-S5-
Ku Td

01-SI-
Ku-Td
20755 R 16
4Sb-ABS

4285

1780
1320
2540
1510/1530
12.0
120
DOI-F-Ku-Td

Ma-Sf-Ku-Td

19560 R 15

45b-ABS

4730
1920
'300
2600
1585;1605

130
DODI-St-
Ku-Td

Ea-DDOI-S-
Ku-Td

1
4St-ABS

3320
1510
1440

2200
1265/255
B.8
150
DOQIF-Td

U-Sf-Ku-Td

145/70 R 13

Sb-Tb

3760
'625
1450

2450
1380/1360
9.7
150
DQI-F-Ku-Td

LI-Sl-KuTd

185/55 R '4
4St-ABS

4250
1770
1350
2540
1485/1470

11.9

160
DQI-F-Ku-Td

LI-St-KL-Td

20a/50 R 16
48b-ASS

25

26
27
28

29

30
31

32

34
35

I Front 255/45 Z R'71 Rear 285/40 ZR 7
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920 Passenger-car specifications

Country Italy

Vehie make Fiat (continued)
Model Barchena1.7i Bravo1,8i Brava 19 Marea24 MutIpl.

JTD '01 5ipower

1 Bodyslyle - 2a2 3Li 5Li5 4LS 5Gi&

2 Useulpower kW (bhip) 96(131) 83(113) 77 105) 91 f124) 76168 (103,92)
at engine speed rpm 6300 5800 4000 4000 5750

3 Maxorque Nm 164 154 200 265 144 (Gas 130)
at enginespeed rpm 4300 4400 1500 2000 4003

4 Maximumspeed km/h 200 193 185 195 168(Gas157)
5 Acce eranom

0 to'00 km n s 8.9 10 1016 0.5 135 (Gas 16)
6 Curbweight kg 1060 1100 1180 1280 1300
7 G'ossvehiclewegh kg 1260 1600 '570 1670 1870
8 Weighl-10powerratio kg/kW 11 14,8 14.9 14.1 17.1
9 Feconsumption U100 km EU 6.5111.6 EU 6 511.3 EU 4.5i7,3 EU 61'0-2 EU7.2i11.1

10 Fuei octane number RON 95 95 Diesel Diesel 95 + gas
11 Tank capacty 1 50 50 50 63 38 (Gas 164)

12 Engine swept volume cm 3 1747 1747 1910 2387 1561
13 Boresiroke mm 82162.7 82/82,7 62/94 821904 86.4/67.4
14 Compession ratio - 10.3 10.3 16.45 20.7 10.5
15 Specificpoweroutpu kWil 549 475 40.3 38.1 48.1
16 Enginerype -q 4 R 4Ve q 4 AR 4Ve q 4 R 5 R q 4 R 4Ve
17 Fuel managemenl - E El EP.C-T-Ic ERebV-T-Ic El
18 AIterator(14V) A 75/65 75/65 75 751B5 80/0
19 Batery (12 V) Ah 50 50 60 70 50
20 (Enginepos.)!driveoong. - V v v V
2' Transmission 172 gear 3.91/ 2.24 39911224 3.92.24 3.24 391224

ratio 35/4 gear 1.5211.16 1.52.1 16 1-44/1.03 3650.97 1.5211 16
55/65gea 0.95 0.97 0.77 0.77 0.97

22 Finaldriverato - 3.56 3.35 3.05 3.18 4.07
23 Gearshift H (A) 5 5 5 5 5
24 Cooling 1 6.9 6.7 6.1 7.6 7

25 Vehcle lengib mm 3915 4025 4190 4390 3995
26 Vehicle width mm 1640 '755 1740 1740 1870
27 Vehicle heioht mm 1270 '420 '410 1420 1700
28 Wieelbase mm 2275 2540 2540 2540 2665
29 T.ack, ronirear mm 141011410 1440/1440 1450/1460 14711440 151011520
30 Turningcrclediamele m 10.5 '0.4 10.4 10.7. 11.
31 Ground clearance mm 120 150 '50 120 '20
32 Suspension, - DO-F-Kj-Td DO -F-Ku-Td DCQ-F-Ku-Td D0l-F-K-d DO1-F-Ku-Td

'ront
33 Suspension, - L-St-Ku-Td LI-St-Ku-Td LI-S-Ku-Td LI-St-Ku-Tc LiSf-Ku-Td

rear
34 Tres - 19515S R 15 175/65 R 14 '7656 ' A 4 175.70 R 1 '85/615
35 Braking system 48b Sb-Tb Sb-Tb 4Sb-ABS Sb-Tb

See PP 898 or abbreviaions ad eplanatine.
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Passenger-car specificat ons 921

Lamborghini Lancia
Ulysse 2.1 Diabolo SV Y 1.2 i.e. Delta 2.0 i.e Dedra 1-9 TD K:pa 2.4 Z 2,0 i.
TD 5.7i Turbo HPE 71)

5Goi-7 2Co2 31i5 aLiS IKo 5 4..5 5Gl85- 18
80 (1091 390 (530) 62(86) 142 193) 66{90) 100 (3 97 (132) 2
4300 7100 6002 5500 4200 4000 5500
250 605 113 290 186 304 180 3
2000 5500 4502 3400 2500 2000 4200
i75 220 177 225 174 202 186 4

5
13 3.85 103, 7.5 13 9 10 10,1
1615 1530 910 1330 1285 1510 1555 6
2385 - 1300 1830 1765 2000 2360 7
20.2 3.9 14.4 94 18.9 15.1 16 8
EU 6710.8 EU 17.2/37-9 EU 51/92 EU 8/14.6 EU 5,9/.8 EU 62/10.2 EU 8./135 9
Diesel 95 95 95 Diesel Diesel 9 10
80 100 47 61 60 70 80 11

2088 5707 1242 1995 1929 2367 1998 12
85192 87/80 70.87.9 649 82.6/90 82/90.4 8686 13
2'.5 10 10.2 6 19.2 18.45 10.4 14
36X3 68.3 507 71,2 34.2 4'.9 485 15
q4RVe 12V4Ve p494W 4R4Ve 4R 5R 44Ve 16
EPEeV ll El ERV EP/ORT-lc Motromc 7
90 5 6575 70 70 100/120 90 18
50/60 40 55 60 70 70 9
v Mm-h V V v V 20
142/1.76 2.31/.52 391/2.24 3 I3.251.78 21
1 12/0 8 1.12/0.68 1-41112 1-52/1.16 1.44/1.03 1.36!0.97 1,19/0,9
0.01 0.68 0.6 0.61 0.79 0.71 0.73
4.79 4.1 373 3,56 317 356 4.64 22
5 5 5 5 5 [ 23
915 4.5 8.8 8.3 5 24

4455

1930

1710
2825

1535/1540

11.8
130
DQI-F-KuTd

VIa-Sf-Ku-Td

195/70 R 14
Sb-Tb

4470

2040
1110
2650

1540/1640

13.0
140

3725
1690
1440

2380

1365/1370

9.6

150

4010

1760
1760

2540
1485/1415

16

150

4345

1700
1450

2540

1435/1415

114

150
DOI-Db-Sf-Ku D i-F-Ku d 001-F-K-Td DCIF-KuTd

01-Db-Si-Ku LI-S-Ku-Td LI-Sf-Ku-Td LI-SI-K-Td

i1)

4Sb-ABS
19,/50 R 15 215/45 9 16 185-60 R 14

Sb-T 45b-ABS 45-ABS

4685

1825

1460
27-00

1545/i535

10.9

140
DOI-F.-S-
Ku-Td

DOu-Sf-Ks-Td

19565 R 15

4Sb-ABS

4470

1835

1710-1810

2825

1635/1540

DO -FS-Td

V a-P-U-St-
Ku-Td

205!5 R55
Sb-Tb

25

26

27

28

29

30

31
32

33

34

35

Front 235;35 ZR 186 Rear 335/30 ZR i8
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922 Passenger-car specifications

Country Italy Japan

Vehicle make Maserati Daihatsu Honda
Model 3200 GT Charade 1.3i Z 07 T Logo 1.3 Civic

BiTwbo Aerodec 1.5

1 Body style - 2Co322 5041Li5 3My4 513 L 5 5 Ko 5

2 Usefu power kW hp) 271:36 62(84) 47:64) 48 (65) 84 (114)
at engine speed rpm 6250 6500 620 5000 6500

3 Max. torque Nm 491 105 93 108 134
at engine speed rpm 4500 5000 3700 2500 5200

4 Maximum speed kmh 280 170 >130 152 190
5 Accelerationcfrom

o 100 ko h s knc - 1455 1.5
6 Curb weignt kg 1590 830 960 940 1135
7 Cross vehicle weight kg 1940 1350 - 1365 1610
8 Weight-lo-owerrah0 kgkW 5.9 13.2 25.3 19-2 13.1
9 Fuel consumplion 1100 km Ed.)1l26 iLL568.9 (Ed.) 610 EU 5.57 8 EU5.788

10 Fuel octane number RON 95 91 - 95 95
11 Fuel tank capacity 19 50 35 40 55

12 Engne sweptvolume cm1  3217 1296 657 1343 1493
13 Bore/stroke mm 80/0 76.71.4 66/64 776 75!84,5
14 Compressionralio - 8 9.5 8.5 9.2 9.6
15 Speclicpowerouput KW1 /84.2 47.6 57.8 35-7 56.2
16 Engnetype - 8V4Ve q4R4Ve Mm3R4Ve q4R 04R4Ve
17 Fuel manageme1 - EI-2TIc E EI-T-c El El
18 Alernalo' (14 V} A '05 60 35 70 70/75
19 Batery (12 V) Ah 60 36 32 36 36;55
20 (Enginepo.)/drie config. - h-ASR v aa vv
21 Transmission 1 I12Mgear 4.22/2.51 3.19/1.84 2.7/55 323/1.7f 3,251.78

ratio 344 gear 1.67/1 23 1.25/0.86 1.0310.74 1250.94 1250.94
5t / gear 1/0.83 0.71 077 0.7

22 Fnal drive ratio .- 3.23 4.27 3.04 4.06 389
23 Gearshift H (A) 6 (4) 5 (4) 4) 5 (3+S) 54St)
24 Cooling / 14 4.5 - 4.8 4,8

25 Vehile ength
26 Vei icle width
27 Veicleheight
28 Wheeloase
29 Track, frori,`rear
30 Turning crle diameter
31 Ground clearance
32 Suspersion,

fronl
33 Suspersicn,

rear

34 Tires

35 Braking system

mm
mm

mm

mm

mm
m

mm

4510

1820
1310

2660
1525/1540
11.5
120
DDOI-Si-
Ku-Td
DD01-St-
Ku-Td

1)
45b-ABS

3780
'620
'390
2395
'385/1390
9.6
60

001-F-Sf-
Ku-Td
Ql-LI-Sf-
KL-Tdl

'4, R 13
Sb-Tb

3395
'475
¶680

2360
1280/1290
9.2
200
DCo-F-St-
K-iTd
De-P-L-Sf-Td

'75 R 15
Sb-Tb

3785
1645

1520
2360
1425/140

10.2
140
0-F

Via-Sf-Ku-Td

17570R 13
So-7 b

4425
169$
1440
2620
1460/1490
11.0

150
0001-st

01-LI-Sf

175/70 R 13
Sb-To

1) Fron!235/40 ZR 18: Rear 265/3ZR '1
See R 89 for abreviaions and epaations.
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Passenger-car specifications 923

Lexus Mazda
Accord Capa 1.5 Odyssey 3.5t HR-V .6 IS 200 2.0i OS 3003 0i AZ Wagon
Coup 2.0I 0.7 Ti

20o5 SMVS 5 Gli7 3Ge4 4LU5 4L 3!5M 4 

10 1471
6000

184
5000
208

101

1355

12.5

EU 7.1/12.2
95

65

1997
85/8
10

54.1
4 R4Ve

E
90

52

v

3.29/1.96
1.34/1"03
0.81

4.26

5

4765

17B5

1400

2670

1555/1535

11.1
150
DI-01-LI-Sf-
Ku-Td

1-LI--Sf-
Ku-TOd
195/85 R15

4Sb-ABS

72 (98)
6300
133
3500
170

1110

15.4

(Ed.) 4.5/9

95

40

1493
75/84.5

9.4

48.2

4B4Ve
El

75

36
v
2.47-0.45

5.81

fS)
4.8

157 (213)
5200
310
4300
>190

1910

12.2
(Ed.) 9/13,
95

75

3471
89/93

9.4

45.2
6V4VVe
El

95
52
v

2.4311,37
0.B& 0.58

3.94

'4)

7

77 (105:)
6200
i35
3400

11.2

/125
1530
'4.6

EU 7.2/99
95

55

1590
75/90

9.6

49.4

q4R4Ve
El
75

20!45

aa (v)
3.5/1.96
1.34/1 07
0.87

4.56

5 (St4
4.8

114(155)
8200

4400
215

9.5
i300

S1,4

(Ed.) 713
95

70

75/75

9.6

57.3

El

h-ASR

6(4)

163(2221
500

298
3800
230

8.2

1665
2120
1312
EU 8.8/16

75

2997

86/86
10.5
56.1
6R4V W

El

K0

60
h-ASR
3.3/2.18
1.43/1
0.75
3.62

(5)
8.4

44 (60
6000
83
4000
135

750

19.7

(Ed.) 4/8
95

30

657

10.5
57.8
3 R4Ve

EI-T-Ic

300 W

36

v (aa)
3.3B/2.06
1.28/0.-9
0.72
5,94

5(4!3)
4

I t 4 + 4 4

3775
1640

1650

2360

1425/1420

9.6
I50

DQ!-F-Sf-
Ku-Td
VIla-U-Sf-
Ku-Td
17570 R 13
Sb-Tb-ABS

51/0

1920
1730
3000
1680/1680
11.5
160

00-01-S-
Kv-Td

01-UISf-
KW-Td

215165 0 16
Sb-Tb-ABS

4010
1695
1590
2350
1470/1455
10.8
190

D01-F-Sf.
K-Td

Ie-P-SI-
Ku-Id

1951700R15

Sb-Tb-ABS

4400

1720
1410

2670
1495/1485

150

DO-QI-Ll-Sf-

00l-DOu-Il-St
Ku-Td
215/45 R 17

4Sb-ABS

4810
1800
1450
200

153511510
11.0

150

DDQI-S-
Ku-Td

DQi01-Sl-S-S-
Ku-Td
225/55 R 16
4Sb-ABS

3395
1475

1690
2360
12901290
84

QI-F-Ku

Sa-LI-P-St-Td

135 0 12
Sb-Tb

3

6

7

9

10

11

12

13

14

15
16
17

18
19

20
21

22

23
24

25

26
27

28

29

30

31

32

33

34
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924 Passenger-car specifications

Country Japan

Veh -lemake Mazda(continued) Mitsubishi
8t0dl Dem/a.3i 323P1Si 626Wagr Col1.i Camma 1.8

S1 ody style -
VKo t 3Li 5 Ko5 4;3 L5 4!5 LiS5

2 Useful power
a engin espeed

3 Max.torque
af engi'e speed

SMaimum speed

5 Acceleration from
0Cl0100 km/11

6 Curbeighf
7 Grossvehicleweigh:

8 Wegho-power ratio

9 Fuel consurption

10 Fue' octaner nber
11 Fuelaik capacity

12

13

16
17
10
19
20
21

Engine swept volume
Boreisroke

Compress-onratio
Specific power cuIpu
Engine type
Fuel managment

Alerator 114 V)

Battery f12 V)
(Engine pos.drive co

Transmission
ratio

Finaldriveratio

Gearshilt
Cooling

kW ibibp)
rpm

Nm
rpm

km/h

kg
kg

kgW
!!100km

RON

om

mm

A
Ah

fnig. -
15ii2"gear
3445gear
5.16 gear

H(A)

25 Vehicle length

26 Vehicle width
27 Vehicle heigh
28 Wheelbase
29 Track, fntar
30 Turfing circle diameter

31 Groud clearance
32 Suspension,

iront
33 Suspension,

rear
34 Tires
35 Braking system

mm
mm
mm
mm
mm

m

mm7

53(72)
5500

105
3500

188

13.2
950
1450
17.9

EU 6/8.7
95
43

1324

71,836

9.4

40

q 4 R 4Ve
E
70

50
v
3,4211.84
1.29/097
082
3-85

5)3)
6

65 (88)
5500
132
4000

173

11.8
1010
1540
18.5
EU 63/9.7

95
50

1498
78/78.4
9,4

43.4
q 4 R Ve
El

70
40
V,

3.4211.84
1.29 097
0 71

4,11

5)4)
6

100 (136)
5800
18
4500

202

10.5
1305
1850
11-8

EU 6-710-9

95
64

1991
83/92
9.7
50.2
q 4 R 4e
L-Jetrnic

80
5.75

V

3.31/1.83
1.31/0.97
075
4.11

5(4)
7

29(175)
7500
167
7000
> 210

7.5

1020
1445
7.9
(Ed.) 814

91

1597
81)775
11

8018B
4 R 4Ve

El
50/70
45/60

3.0711.95
1.38/1.3
0.77

4.63

5(4)
5

92 125)
5500
174
3750
200

10

1215
1685
13.2
EU 58.4
95

1834

81/99
12.5

50.2
4 H 4Va

Eld
75
50

3.581.95
1.27/C.97
0.77

3.72

6
4 -J I.________L________

3610
1670
1540
2390
1420/1420

9A
150
OlF-Ku-Td

Via-Si-T-d

165,70 F 13
Sb-Tb

4035
1695
1410
2505
1460/1450
9.8
140
DOi-F-Ks-Td

4660

1710
1520
2670
1480/1470
10.8
160
DO-F-Ku

CI-LI-F-Ku-Td I01-LI-St-Ku

176165 R 14

Sb-TD

See PR 898 for abbreviations and explaations.

1-85R 14

455-ABS

4290

1690
1390
2500
14501460
10 6
120
001-F-Ku

0i-LI-SI

18565 R 14
Sb-Tb

4435
1895
1400
2550
14551475
11.2
150
DOi-F-Ku

0I-LI-Sf

17565 R 14
4Sb
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Passenger-car specifications 925

Nissan Subaru Suzuki Toyota
Space S a 1 Amera14 Tem* k02. Legacy2.0 WeccoR1Ci X-901.86 Yaris 1.0

5015 3/45 L 5 5 Ge 5 4:-5 5MY4 2Ge2

64 87)
80003
116
4000

172

12.8
1035
1545

16.2
EU 5.8/92
95
50

85 (11:
4800

191
3200
160

13-7
1630
2510
18.7
EU 10.315.8
R5

72

92 (125)
5600

184
3603
188

10,8
1370
1815
15.7

EU 77:12 3
9
64

48 (6-)
6500
181
3500
140

845
1339

15.9
EU57.6
95
42

71 (97)
5600
132
4000

150

100
1380

15.6
EU .7/9.8
95
42

5030

90
400
158

12

820

16.4

(Ed.: 5:8
95
45

I I- F -I

1392
73.6/81,8
9.5
46
q4R4Ve
El

70

55
v

3.33/1.96
1.29/0.9
0.73
4.17
5
4

4120
1690
1390
2535
1470/1435
10.4
140
DQI-F-S-Tbd

Te-LI-01-SI-
Ku-Td

175170 R 13
Sb-Tb

2389
69/96
6.5

35.8

60
sao

3.59/2.25
1.42/1
0 82
4.63

8

4185

1755
1830
2450

1455;1430

10.8

121

Ku-Td-
Sa-LI-P-SI-
Ku-Td

235/75 R 15
Sb-Tb-ABS

1994

92/75
to
460.1

48xV4W

El

90
48

as

3.552-11
1A45/1.09
0.87

3.9
5 :41
6

4600
1700
1410
2650
1460/1455

11.1
160
DO-F-SI-
Ku-Td
Ma-S-Kc-Th

195/608R15

4Sb-A8S

997
6B/68.65
10
48.2
4R4VeW

El
300 W
26
v
3.42/1.89
1.28/091
0.76
4.39

5 (4/3]
5

3410
1575

1700
23365
1360/1355

9.6

150
0-F-Sf-Ku-Td

Ta-P-SI-Td

155!65 R 13
Sb-Tb

1590
75/90
9.5
44,7

4 R4Ve

El
70

48
aa
3,65/1.95
l.38/1
0.8
4.3

5 (4)
5,3

3710
1695
1580
2200
1425/1430
9.8
170
D0-Db-S I-
Kc-Td
Sa-U-S-Td

998
69166.7

¶0
50.1

q4R4Ve
El
70
50
V
156 H91
1.31/0.97
0.8
3.94

5(4)
5

3610
1660
1500
2370
1450/1430

9.8

DO-F-St-Td

Via-Si-Td

195;65 R 15 175/65 R 14

$b-Th-ABS Sb-Tb

25

26
27
28
29
30
31
32

33

34

35

63(86)
6000
117
3030
170

13.4
1120
1655
178
EU 5.6.9
95
55

1299
71/82
10
48.5
q4R4Ve

El
50:73

3.73/2.05
132/0.97
0.79

4.21

5

5

4030
1700
1520

2500
1475/1470

9.6
150
DO-F-Ku-Td

I-LI-F-Ku-TO

175/65 R 14
Sb-Tb
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926 Passenger-car specifications

Country Japan Korea

Vehicle make Toyota(Continued) Daewoo
Model Aveiis2i0 Pcil2IOi Matiz 0.Bi Lanos 1i i Nubira 2.Oi

TO-CP

1 Body slyle - 4/5 L 5 5GI 6 5 Li 5 4/3T L 5 5 lKo 5

2 Useful power AW (bhp) 82 112) 94f 128) 38(52) 55(75) 100(36)
at engine speed rpm 4000 5400 5900 5400 5600

3 Max torque Nm 250 178 69 113 184
al engine speed rpm 2500 4400 4600 3400 4000

4 Maximum speed km/h 180 180 144 170 195
5 Acceleration rom

0 to 100 kmh s 12 10.8 17 15 9
6 Curbweight kg 1280 1335 725 1005 1285
7 Gross vehicle weigh! kg 1830 2010 1210 1595 1860
8 Weight-to-power ratu kgkW 18.1 142 19.1 18.3 1'
9 Fuelconsumpin /.!00km EU5.2/85 EJ7.4/12.3 EU528.4 EU5.9/1A14 E7.415.1

10 Fue octane number RON Diesel 95 95 91
1 Fueltankcapaiy / 62 60 35 48 62

12 Engine swepi volume c3 1975 1998 796 1349 1998
13 Bore/stroke mm 86/85 86/86 855/72 76.5/714 86H
14 Compressn rato - 23 9'5 9.3 9.5 9.5
15 Specif cpower ouput kW// 33.4 47 47.7 40.8 50.1
15 Engine type - 4 R 4RVe q3R q 4 R Q 4 R 4Ve
17 Fuel maagment - ER/O-T-Ic El El El El

B Alternetor (14 V) A 70 80 B5 75/100 75.85
19 Batery (12 V) Ab 80 60 35 46/55 55
20 (Engine pos./drive config. - v V v V v
21 Transmission I--n gear 3.54/2.04 3.54/2.04 3.82/2.21 155/205 355/2.16

ralio 3/41 gear 1.321095 1.32/1.03 1.42/1,03 1 35/0.97 1.4-/1.13
5e/6" guar 0.73 0.82 0.84 0-76 0.7

22 Final drive -atin - 3.74 3-94 4.44 4.18 3.55
23 Gearshill H (A) 5 5(4) 5 5 5(4)
24 Cool ng / 6.9 6.7 3.8 7 7

25 Veicle lengh mm 4490 4530 3595 4235 4515
26 Veicle width mm 1710 1695 1495 1680 1700
27 Vehice height mm 1430 1620 1480 1430 1430
28 Wheelbase mm 2630 2735 2340 2520 2570
29 Track, froo/rea. mm 1480/1450 1470/1450 131511280 1405/1425 1465/1455
30 Turn ng circle diameter M 11.6 11.0 9.0 9.8 10.6
31 Ground clearance mm 140 150 140 160 140
32 Scspensior, - DQIFKu-d DOI-F-Sf- Qi-F-SO-Td 01-LI-F-Sf- DOI-..St.

frcnt Ku-Td Ku-Td Ku-;d
33 Suspension. - Ou-LI-Ku-Td VaI-St- VIa-LI-St-Td Via-L-Sf- Via-St-Ku-Td

rear Ku-Td Ku--d
34 Tires - 185/65 HR 14 195/65 R 14 145/10 R 13 155 R 13 185/65 R 14
35 Bra;ng system Sb-Tb-ABS Sb-Tb-ASS Sb-To Sb-in 4Sb-ABS

See PP 898 for abbreviations and explaations.
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Passenger-carspecifications 927

ISweden
Hyundai Kia Saab
Atos '.0 Coupe 2.0i Canival 2.Si 9-3 2.01 9-3 2,2 TO 95 2.i Tute 9-5 3.Oi Turbo

5MV 5 3Co4! 5Gli57 513Li5 3U5 4L5 5Ko5 1

4' 561 102 1139) 121(165 96)(1311 85 (116) 110(150) 147200
5500 M600 6500 6100 4300 5500 5000

52 182 222 177 260 215 310 3
3100 4900 4100 4300 1900 2500 2500
142 201 85 200 200 215 230 4

5
15,1 8.6 - 11 10.9 9.8 8.7

820 1250 1735 1295 1350 1485 1650 6

1220 1600 2425 1860 1910 - 2180 7

20 122 14.3 13.5 15.9 13.5 10.9 8
EU 5,46 EU7,311.4 EU 8915.3 EU 6 813,1 EU 4.689 EU 7.213.5 EU 8.5317.2 9
95 95 95 95 Diese 95 95 10
35 55 75 68 68 75 75 1

999
7673
9.5
41
q4R3 W
El

60
40.45

3.541.95
1.31/0.92

4 53

56(3)
6

3495
1495

1610
2380
1315/1300
9.1
160
OI-F-Sf-Ku-Td

Ta-QI-U-S-Td

1975

82/93.5
10.3
51.6
q44Ve

El
75/90
68
B

3.3111.95
1.39/1.06
0.84
3.84

5(4)
6

4340

1730

1300
2480
1470/1450
10.0
150
DQ!-F-SI-
Ku-Td

DOj-SlT

2497

10.5

48.5
qV4V

80
54
v
3.75/1.95
1.30.94
0.7 5
431

5 (4)
B ~

4890

189.;
1730
2905
16251600
130
170
01-F-K.-Td

Sa-P-.-S-
Ku-Td

1985

4 R4Ve

Metroniic

70/130

60

3.38/1.76
112.0.89
0.7
4.45

5(4)
10

2172
84A98
19,5
39.1

4 R4Ve

EP/eV-T-Ic
120
85
v

3.381.76
1.12/0.89
0-7
4.45

5 (4)

10

1985

9078
92
554

q4 R4Ve
Ze-T

901130
60
v
3.38/1.76
>18.10.89
0.66
4.05

5(4)
9

2962
86,85
9.5
49.6
o6V4Ve
Ze-T-Ic

90/130

110.74

4.28

(4)
97

12

13
14
15
16
17
18
19

20
21

-4 -k 4-

4630
1710
1430

2600
1450/1440

11.1

140

D131-F-Ku

4630
1710
1430
2600
1450/1440
11 1

140

DOI-F-Ku

Via-Sf-Ku-Td I VIa-S-Ku-Td

4810
1790
1450

2705
1520/1520
10.8

D131-F-Sf-
Ku-,Td

DOU-LI-Sf-
Ku-Td

4810

1790
1450
2705
1520/1520
10.8

DOI-F-SI-
Ku-d

00uU-L-S-
Ku-Td

'5570 R 13 205C R 15 20570 R 15 185/65 HR 15 18565 HR 15 20565 R 15 205/60q 15
Sb-Tb-ABS 480-ABS Sb-Tb 4Sb-ABS 49b-ABS 49b-ABS 4Sb-ABS

25
28

27
28
29
30
31
32

33

34
35
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928 Passenger-car specifications

Country Sweden

Vehicle make Volvo
Model 5401Si V40 '.9 TD 1702r V70 2.4 S80 2.8 T6

1 Body stlbe - LS4 5Li 5 Ko b 4rL5

2 Uset!l power kW (bhp) 92 125) 70 95) 93(126) 125 (17M 20(272)
atenginespeed rpm 5500 5000 6250 6100 5400

3 Max. torque Nm 174 0 170 220 380
at engine speed rpm 3750 2000 4800 4700 2030

4 Maximum speed km/h 200 180 195 210 250
5 Acceleration F'em

0 0 10 kmr h s 10.5 12.5 1,7 9.2 7-2
6 Cnrb weicht kg 1230 1250 1430 r470 1590
7 Gross vehcie meiaht kg 1750 1790 '890 '970 2100
8 Weighl-to-poer ratio kg/kW 13.4 14.4 1&4 '1.4 8
9 Fuel consumption 100 rm 5.7/6.9/9.1 5.2/63/8.3 EU 81,3 4 EU7.8/15 EU 8/164

10 Fueectaneiumber RON 95 Dse 95 95 98
11 Fueltankcaoacily 160 60 70 70 80

12 Enginesweptvoume cm3 1834 1970 '984 2435 2783
13 Bore/stroke mm 81)89 80193 81)77 83/90 81190
14 Compressron raio - 12.5 23.5 '0 0.3 8.5
1S Specific power output 04it 50.2 35.3 46.9 51.3 71.9
16 Engine type - 4 R 4Ve 49 q 5 R q 5 R 4Ve qOR 4Ve
17 Fuel management - Eld EP/V-I El E iMotronic-2Tlc
18 Alernator (14 V} A 80 80 '00 100 120
19 Batlery f12 V Ah 62 72 520 A 520 A 600 A
20 (Engine pos.)!d've config. - v v v v v
21 Transmission "72"geer 3,58/1.94 3.6111.86 3.0711.77 3,071.77 2.9211.57

ratio 3/4hgear 1,26/0.97 1.3210.97 1.'910,87 1.1910- 7 110.7
5/6 gear 0.6 07 0.7 0,7

22 FinaldriveratIo 3.72 3.44 4,45 4.00 129
23 Gearshift H (A) 5 (4) 5 4) 5(4) 5 [4) (4.
24 Cooling 5 .4 7.2 72 10.7

25 Vehicle length
26 Vehcle wdth
27 Vehicleheight
28 Wheelbase
29 Track, lrontrear
30 T.rning circe di
31 Ground clearan
32 Suspsnsin-,

amreter

ce

frant
33 Suspension.

rear
34 Tires
35 Braking systern

mm

mm
mm
mm
mm

m
mm

4480
1720
1390
2550
1450/1470
10.6
150
DQt-F-Si-
KuiTd

QI-LZI-St-
Ku-Td

19555 VR i 5
45b ABS

See PP 598 for abbieviatns and expianatiors,

4480

1720
1390
2550
1450/1470
15.
150
DO1-F-SI-
Ku-Td
01-U-Z-1f-
Ku-Td

195/55 VR5
4Sb-ABS

4720
1760
1400
2660
1520/1470

'40

DQI-F-Ku

Ma-Sf-Ku-Td

185,65 R 15

4Sb-ABS

4720
1760
1430
2660
15201'470
10.2
143

DO-F.Ku

4820

1830
1450
2790
1580,1560
10,9

150
D01-F

Ma-S1-Ku-Td Ma-S-Ku-Td

185i65 R 15 205/65 q 15
4Sb-AOS 43b-ABS
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Passenger-car specifications 929

SCzech.Rep. USA

Seat Skoda Buick
C7323 Arosa 1 1 Arosa 17 SD biza 1,9 TDI Coco a2i Ocavia 1,8 T le Sauie 3.8i

2 a4 3Ui5 3Li5 53LiS 4Li 5 5Ko5 jU6 t
44 63D)
4200
115
2200
157

16.

960
1360
21.8
EU 3.6.5.9
Diesel
34

81(110)
400
235

-93

10.2
1'60
1520
13

EU 3 6
Diesel

4 5

176(239 1
5100
330
2700
250

6.9

1563
1970

8.4/1113116.3

68

2319

81/90
9.5
75.9

q95 R4Ve

EI-T
100
520 A
v-ASRP
3.07/17
1.19/0.87
0.7

4.30

5~4
7

4720
1820
1410

2660

1520/1520

1 .7

120
D0-F-S-
Ku-Td
Via-01-LI-S1-
KuTd

225145 ZR 17
4Sb-ABS

10(101
60300

180
4500

I216

8.5
1120

1580
10.2

EU 6A119
95
45

1984

82.5'92,6
10.5
55.4

4R4Ve
Mo01ronic

70.-SO
44-0O
v-EDS

3.31.94
1.31/1.03
0.84
3.68
5
6.3

110 (150)
5700
210
1750
216

9.1

1315
-1830

11.9
EU 6.2110.9
95
5.5

b171
81/86.4

95
61.7
q4PEVe

Morronic-T-Ic

73/90
44160

3.31.94
1.311103
0.84
3.6B
5
6.3

4145 4510
1640 1730
1420 1430

2445 2510
143011395 15151490

14 108
130 140

DQI-F-Ku-Td DCI-F-S-
IKu-Td

VIa-Sf-Ku-TO Via-LI-SI-
Ku-Td

195/45 R 16 175 R 14

45b-ABS 4Sb-ABS

153(208)
5200
.312
3700
200

10.6
PA 7.8/12-4

91
J6

3791

36.52/86.35

3.4

El
120
54
v-ASR
2.921.57
1/0.7

2.86

(4)
11

5080
1865
1450

2850
1580/150
12.3
140
301-F-S-
Ku-TO
Ea-Ql01-SISf-
Ku-Td
215.70 R 15
46b-ABS

25
26
27
28
29
30
31

32

33

34
35

37(50)
5000

3000
151

17.4

865

1265

23.4

EU 4 7!7,5

95

34
+ 4 4

999 1716 168

67.1/70.6 79.9684 79.5/15,

10C.5; 9 19, 5

37 25.6 42.7

4R 4R q4R
Moironlc EPeV EP/eV-T-Ic
70 7 903
3F 61 61
v v

3.46/2.1 3.46/1.96 3.78/206
14511.1 1.2610.93 1.3510.97
0.89 0.74 0.74

4.06 3.33 3.3

5 5 5
6 5 6.5

3535 3535 3855
1640 1640 1640

1460 1460 1420

2325 2325 2445

13701400 1370/1400 143011395
9.8 9.8 10.4

110 110 150

DOI-F-Td D11-F-Td 001-F-Td

VIa-St-TO Va-St-Td Vla-Si-Td

15570 R 13 155170 P 13 185155 R 1
5b-Tb Sb-Ib 4Sb

2
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930 Passenger-car specifications

Country USA

Vehicle make Cadillac Chevrolet Chrysler
Mode! Catera 3.i lmpa2 34 Sratus 2.5i Sebring 2.01 300 M 27i

1 Body stye - 4L5 425-6 4Li 2Co 5 4 U 5

2 Jeul powe W(bhp) 149(203) 134 .1821 120 (163) 104 (141) 149 (203)
at engine speed rpm 6000 6000 5850 6000 5800

3 Max.:o'que Nm 260 279 214 177 258
atengyne speed rpm 3600 4000 4400 4800 4850

4 Maxirmm speed mh 200> 180 210 220 210
5 Acceleration rom (0-97 km/h)

0 to 100 km/h s 85 10 10.5 11 10.2

6 Curbweight kg 1710 1540 1435 1335 1610
7 Gross vehIcle weight kg - - 1930 - 2120
8 Weight-to-powaeao kgikW 11.5 115 12.2 12.8 10.8

9 Fue consumption /100 m EPA 9 413.1 :Ed.) 9/15 EU 7.115.1 ;Ed.) 8112 EPA 911.2

10 Fueloctanenumber RON 95 91 95 91 92
11 Fue ltak capacity 60 64.5 0 64 64

2 Engine swept volume cm 2962 1335 2497 1996 2736
3 Bore/strove mm 8685 9284 83576 87.583 8878.5

4 Compresson rac0 - 10 9-5 9.4 9,6 93
15 Specifin power output W1 503 40 48.1 52.1 54.5
6 Engiyma - 6 V 4Ve [0 6V qOV 4Ve q 4 R 4Ve 6 V 4Ve

17 Fel management - Metronic El El El El
85 Alternaeor 14 V) A 120 105/140 90 90 125

'9 Battery (12 V) Ah 300 A 54 60 430 A 60

20 (Engine pos..:drive conig. - h-ASR %-ASR v v v

21 Transmission 11/2nayear 2.861.62 2.92/1.57 2.84157 3.54213 2.8411.57
ratio 3"41gear 11372 110.71 1/0.69 1.39:1.03 110.69

Sit/6 gear 0.81
22 Final drive raio - 3.9 3,29 3,91 3.94 3.89
23 Goarshr H (A) f4) (4) (4) 5 (4) (4)

24 Cooling i 10 11.2 10 7 8.2

25 Vehicle lengh n m 4930 5080 4750 4950 5000
26 Vehide width mm 1790 1855 1820 1770 1920
27 Vehiceheigt rmm 1430 1460 1380 1340 1420

28 Wheelbase im 2730 2805 2740 2635 2870
29 Track, lront/rear mm 150511520 1575/1555 15301530 1510/105 1575/1565
30 Tuming rcle diameter m 11,0 11.5 11.8 12.2 12.3
31 Ground clearance mm 120 120 140 140 130
32 Suspension, - Di-F-KuTc 001-F-Sf- DOOSI- 0DQ-S- 0-LI-F-Sf-

front Ku-To Ku-Td Ku-Td Ku-Td
33 Suspesion, - 01-O8- 01-LI--St- Ea-DO-01-L- Ea-D-I-L-U- Ea-01-LI-F-

rear Ku-Td Ku-Td Sf-Ke-Td SI-Ku-Td Sf-Ku-Td
34 Tires - 2295t R16 225/60 8 16 185/65 R 15 19570 HR 14 225/55 R 17
35 Braking system 48b-ABS 45b-ABS 450 Sb-Tb 45b-ABS

See PP 898 or abbreviaons and eplanations.
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Passenger-car specifications 931

Dodge Ford Lincoln Mercury Oldsmobile Plymouth Pontiac
Caravan 2.4i Windstar238i Corinental Cougar 2.5 Aero 2.4 Voyager 3.0i Surdire 2.2

4.6i

5-8 4 Gli 7 4 Li 5-6 3Co4 2 Co 5 5 Gi 7 2 Ca 5 1

427(1731
6250
224
4250
225

8.5
'375

EPA 8.4/124
91

60

2544
82.479.5
9.7
49.9
q6V4Vae

El

130
6B
v

3.42j2,14
1.45/1.03
0.77
4.06

5(4)
7,5

112 (152)
5600
210
4400
200

10.5
'340

12
EPA 7.8/11.2
91
57

2392
90,4

9.5
46.8
q4R4Ve
El

105
52
v-ASR
2.961.63
1/068

3.42

(4)

9.8

112 (152)
5200
239
4000
175

1605

14.3
EPA 9.8/12.4

87
75

2972
91,1.76
8.9
377

q6V
El
90/120
600 A
v
2.69W1 55
1

3.19
(314)
10.6

86(117)
5000
183
3600
175

1300

14

EPA 6.4!10

91
57.5

2190
89/B8
9

39.3
q4R
El

105
54
v

3.9112.18
1.451103
0.74
358
5(34)
9.1

5

6
7
8

9

10
11

12
13

14

15
18
17
18
19

20
21

22

23
24

-I- I t 1 + -I----

4700
1770
1320
2700
t5051490

10.9

Q-F-Ku-Lue J001-F-Ku-Td

205/76 R 14 205759 ,5 225/60 R 16
Sb-Tb Sb-Th-ABS 45b-ABS

4740
*780
1390

2720
550/1505
11.3
120

DQI-F-St-
Ku-TO

14j-Td Ku-Td
205/60 R 15 215/6: 5
ASb 4St-ABS

4730 4620
1920 1710
'740 1350
2880 2645
1600/1630 1465/!435
11,5 10.9
140 150
DQl-F-Ku-Td DQ1-F-S-

Ku-To
Sa-P-To Via-L.Sf-

Ku-Td

25
26
27
28
29

30
31
32

205/75 R 14 195/70 R 14 34
Sb-Tb Sb-Tb-ABS 35

149(203)
4900
326
3600
>175

1690
2440
11.3
EPA 10.2!138

3797

96.8'86
9.3
39.2
6V
E
130
58
v-ASR
2.77!154
10.69

3.89

(4)
11.9

205 (279)
5750
373
4750
215

1760

8.6
EPA 9.8113.8

4601

90.2/90
9.85
44.6

8V4Ve
El

130
84
v

2.7711.54
10.69

3.56

42.
12.8

112 (152)
5200
226
4000
170

14.2
EPA 9.4111.8

75

2429
87,5/101
9.4
46.1
q4R4V@

El
90.120

600 A
v

2.841.57
li0.69

3.91
{4/3)
10.6

4740

1950
1740
2880
1600/1630
11.5

140
D0I-F-To

Sa-P-Td

5260
1870
1420
2770
16001560
12. 5
150

5125
1915
1790
3065
1640/1600

12.3
150

DOI-F-SI-
Ku-Td
V a-Sf-Ku-Td 01-LI-Ku-Lue
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932 Index of headings

Index of headings

A

A pillar (body structure) 722
A/D converters 92
A/F mixture adjustment 519
A/F mixture formation 367, 372, 452, 458,

509,515,517,518,560
A/F mixture ignition 477
A-arm (suspension linkage) 622
Abrasion (wear) 331
ABS for commercial vehicles 644, 649, 693
ABS for passenger cars 644, 649, 659,

708,803
Absorption method (exhaust soot) 566
Absorption silencer 450
AC firing 809
ACC, see Adaptive Cruise Control 714
Acceleration 34,342, 345
Acceleration and braking diagram 344
Acceleration due to gravity 13
Acceleration power 345
Acceleration resistance 337
Acceleration sensors 107, 808
Accelerator pump (carburetors) 461
Accelerator-pedal module 501
Accelerator-pedal travel sensors 501
Accident hazard (ignition systems) 492
Accident record (tachograph) 795
Accidents (body stresses) 722
Accidents (classification into collision

types) 728
Accumulators, see Batteries 866
ACEA specifications for mineral oils 235
Acoustic impedance 50
Acoustic quality control 55
Acoustic tuning devices (exhaust systems)

451
Acoustics (terminology, units, symbols) 50
Action limits (statistics) 160
Active power and conductance 65
Active safety (vehicle bodies) 726
Active suspension 615
Actuating force, braking system 647
Actuating force, steering system

(regulations) 638
Actuation device, braking systems 644,

656,688
Actuators 124
Actuators, characteristic data, features 130
Actuators, electromechanical 124
Actuators, fluid-mechanical 129
ADA, see Auto-Directional Antenna 786

Adaptation equipment, mechanical
(diesel-enginemanagemeni) 540

Adaptive Cruise Control (ACC) 714
Addendum modification (gears) 296
AdditIonal spark (ignition) 496
Additives (engine coolant) 249
Additives(fuel) 240, 243
Additives (lubricants) 230
Adhesion to road surface 343
Adhesion/slip curves 606, 659, 697
Adhesive technology 322
Adhesives, single or dual-component 322
Adjustment (brakes) 681
Adjustment (steering wheel and seats) 814
Admittance 65
Advance or retard mechanisms (ignition

timing) 489
Advanced ignition 478
Aerodynamic drag in kW 339
Aerodynamicifast-back body designs (wind

resistance) 350
Aerodynamics (passenger cars) 721
Afterburning 521
Agriculturaltractors (requirements) 362
Air bags 691, 757, 803
Air bypass actuator (ME-Motronic) 501
Air compressors 687
Air conditioners, automotive 777
Air cooling (direct cooling) 410 430
Airdriers (air brakes) 688
Airfilters 438
Air requirements (A/F mixture) 458
Airsuspension 616,618
Airbags 730, 803
Air-flow angle (crosswind) 350
Air-flow sensors (K-/L-Jetronic 468,473
Air-fuel (A/F) mixture 414, 458
Air-fuel (A/F) ratio 458
Air-mass flow sensors 116,473
Alarm systems 767
ALB, see Automatic Load-sensitive

Braking-force metering 678, 689
Alcohols (alternative fuels) 246
All-wheel drive 605
Alphabets and numbers 897
Alternating current 65
Alternating-current (AC) machines 72,135
Alternative fuels 243
Alternator drive system 880
Alternator output 862
Alternator-current curve 875
Alternators 874,899
Altitude compensation (KE-Jelronic) 470
Aluminum bodywork 723
Aluminum casting alloys 199
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Index of headings 933

American gears 301
American units 19
Ampere (definition) 12
Ampere turns 71
Amplifier (car radio) 787
Amplitude 29
Analog circuits (integrated) 83
Analog-digital converters 92, 498
Analysis (exhaust-gas emissions) 526
Analysis (reliability) 165
Angle of impact (crosswind) 350
Angle sensors 99
Angstrom (unit) 14
Angular frequency 15, 29
Annealing 273
Announcement ID (car radio) 786
Anodiccorrosion protection 264
Anodizing 264
Antenna diversity receivers 786
Antennas for motor vehicles 788
Antennas, automatic 788
Anti-Corrosion Code 724
Anti-foaming agent (diesel fuels) 243
Antifreeze 249,430
Anti-judder function 508
Anti-knock properties (octane number) 238
Anti-knock quality (octane rating) 238
Antilock braking systems (ABS) for

commercial vehicles 644, 649, 693
Antilock braking systems (ABS) for

passenger cars 644, 649, 659, 708, 803
API classifications (mineral oils) 235
Apparent power 65
Application forces (braking systems) 647
Application-specific IC (ASIC) 86
Aquaplaning, see Wet road surfaces 343
Arc discharge (spark plugs) 477
Arc pressure welding 321
Architecture rules (CARTRONIC) 888
Arcing voltage (ignition) 477
Area 148
ARI, see Radio information for the driver

786
Arithmetic series 147
Articulated bus(definition) 716
Articulated road trains(definition) 716
Articulated vehicles (definition) 716
Artificial networks(EMC) 895
ASIC, see Application-SpecificIC 86
Aspect (height-width) ratio (tires) 630
Assembled-representation diagrams

(automotive electrical systems) 854
ASU, see Automatic FM interference

suppression 786
Asynchronous drive 580

Asynchronous machines 133
ATF oil 236
ATF, see Automatic Transmission Fluids

230
Atmospheric humidity (vEhicle stress) 364
Atmospheric pollutants 264
Atmospheric-pressure-dE pendent full-throt-

tie stop (ADA) (diesel luel injection) 540
Austenitizing (hardening) 268
Auto directional antenna'ADA) 786
Auto-ignition 367
Automatic adjustment (biakes) 681
Automatic braking systes 644
Automatic clutches 590
Automatic gear shift (automotive

transmissions) 597
Automatic headlight level adjustment 754
Automatic load-sensitive braking-force

metering (ALB) 675, 378, 689
Automatic seat belts 728, 803
Automatic transmission :342, 597
Automatic Transmission :luids (ATF) 236
Automatic UHF interference suppression
(ASU) 786
Automotive alarm systems 767
Automotive comfort and convenience

systems 812
Automotive electrical systems 862
Automotive hydraulics 816
Automotive paints (properties) 228
Automotive pneumatics 832
Automotive windshield aid window glass

774
Auxiliary drives (automot ve hydraulics) 827
Auxiliary driving lamps 756
Auxiliary-air valves(K-Jetronic) 468
Axial-piston pumps/motors (automotive

hydraulics) 818
Axle oscillation 613

B
B pillar (body structure) 722
Backlash (gears) 299
Backup (reversing) lamps 763
Bainitizing (hardening) 270
Balancing of masses and inertial forces

(reciprocating-piston engines) 399
Balancing rate (crankshaft) 400
Ball bearings, see rolling bearings 289
Ball impression hardness 278
Band syncromesh (transmission) 594
BandlessV-belts 307
Bar, unit of pressure (conversion) 16
Barrel, unit of volume (conversion) 20
Barrel-type coil springs 318
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934 Index of headings

Barrier impact 729
Basic equations (mechanics) 34
Batteries,vibration-proof 869
Battery characteristic data 867
Battery maintenance 871
Battery chargers 873
Battery charging 63, 870
Battery design types 868
Battery faults 871
Battery ignition 490
Battery power 576
Battery systems 576
Battery testers 872
Battery-charging current 873
Battery-charging curves 873
BCD mixing process (semiconductors) 80
BDC, see Bottom Dead Center 385
Bearing-pin sensors 112
Bearings (materials) 284
Bearings, sliding and rolling 282
Beats (definition) 29
Bell-shaped curve (Gaussian/normal

distribution) 157
Belt force (belt drives) 306
Belt-drive systems 306
Bending, bending moment, bending stress

42
Benedicks effect (thermal e-m f.) 75
Bevel gears 297
Bi-Litronic 746
Bimorphous spring element 108
Bingham bodies 230
Binomial distribution 163
Bipolar transistors 79
Bit stuffing (CAN error detection) 886
Black body radiators 57
Black ice (coefficient of friction) 343
Bleeding (grease) 230
Blind rivets 323
Blowby(crankcaseventilation) 521
Bodies, commercial vehicles 732
Bodies, passenger cars 718
Body design (passenger cars) 720
Body roll 353, 613
Body structures (passenger cars) 722
Body templates 718
Boiling curve (gasoline) 240
Boiling range (diesel fuels) 242
Bonding and joining technology 319
Boost air 390
Boost charging (batteries) 873
Boost retarders (braking systems) 685
Booster (car radio) 787
Boron treatment (thermochemical

hardening) 272

Bosch Micro-Contact (BMK) 860
Bosch sooting numbers (SZ) 567
Boschsparkplugs 486
Bottom Dead Center (BDC) 385
Box-type body (commercial vehicles) 735
Brake analyzers 702
Brake booster (servo) 656
Brake characteristic 679
Brake control circuit (TCS) 610
Brake cylinders 689, 691
Brake deceleration 648
Brake discs 657
Brake fluids 247
Brakehorsepower(passenger-cal

specifications) 899
Brake line 646
Brake pressure 656, 659
Brake response time 347, 647
Brake test stands 702
Brake testing 702
Brake-circuit configuration 654
Brake-lining wear 656
Brake-lining wear equalization (ElS) 700
Brakes 645
Brakes, engine 683
Brakes, wheel 657
Braking and acceleration diagram 344
Brakingdistance 344,347,648
Braking force 635, 647
Braking operation 344, 646
Braking power 648
Braking progression for GMA 663
Braking resistance 337, 583
Braking system, air-over-hydraulic 676
Braking systems (continuous operation)

595,644,649,682
Braking systems (EU requirements) 650
Braking systems 644, 899
Braking systems for heavy commercial

vehicles 674
Braking systems for passenger ce rs and

light commercial vehicles 656
Braking systems, actuation methods 644,

656,688
Braking systems, continuous 644, 649, 682
Braking systems, design 653
Braking systems, inertia 645
Braking systems, splitting (brake circuits)

654
Braking times 647, 648
Braking torque 647
Braking when cornering 357
Braking work 648,
Braking-energy recovery (electric vehicles)

578
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Index of headings 935

Braking-force distribution 647, 653, 675
Braking-force metering 689
Braking-force metering device 658
Braking-systems, components 652
Brazing 322
Brazing solder 213,
Breakdown voltage 77
Breakerless transistorized ignition 490
Breaking spark (ignition distributor) 488
Breaking strength 180
Broad-band (oxygen) sensors 524
Broad-band interference source, EMC 891
Browning (corrosion protection) 264
Bucket tappet assemblies (valve timing)

408
Buckling (strength) 43
Bulbs (automotive lighting) 763
Bulk micromechanics (BMM) 90
Bumperprotectorstrips 724
Bus allocation (CAN) 885
Bus bodies 735
Bus configuration (CAN) 884
"Bus-stop" brake 701
Bus systems (microprocessors) 84
Bus/motor coach (definition) 716
Bush-type gear pumps, hydraulic 817
Butane (LPG) 192,245,512
Butt-seam welding 320
Bypass oil filters 411

C
C pillar (body structure) 722
Calorificvalues(fuels) 238
Cam brakes, see Drum brakes 678
Camber angle 621,602
Cam-follower assemblies (valve timing)

408
Cam-lobe design (valve gears) 409
Camshaft adjustment 501
Camshaft drive assembly (valve gears) 408
CAN, see Controller Area Network 884
Candela (definition) 12
Canister-purge valves 506
Capacitance (capacitor) 17, 61, 66
Capacitive reactance 66
Capacitor-discharge ignition (CDI) system

492
Capacitors 62, 66
Capacity, Ah (starter batteries) 868
Car radios 786
Carbon dioxide (exhaust-gas emissions)

518
Carbon monoxide (exhaust-gas emissions)

245,518
Carbon-deposit index (diesel fuels) 243

Carbon-graphitebearings 287
Carbonitriding 271
Carburetors 460
Carnot cycle 59, 367, 363
CARTRON1CO 175,887
Case hardening 271
Case-hardened steel 194
Cast iron (properties) 193
Caster (steering) 620, 639
Castings (sintered metals) 201
Catalyticafterburning: 521
Catalytic converters 448, 505, 509521, 532
Catalytic converters, three-way 458
Cathodic protection (corrosion) 264
C-brake (engine brake) 683
CD, see Compact Disc 787
Cell rotors (pressure-wave supercharger)

446
Cellvoltages 576
Cells, battery 576, 868
Cells, solar 81
Cellular telephone netwcrks 800
Celsius degree, conversion 26
Celsius degree, unit 17
Center electrode (spark plugs) 483
Central air filters 438
Central display and control units (vehicle

instrumentation) 781, 802
Central injection unit (Mcno-Jetronic) 465
Central locking systems 815
Central Processing Unit (CPU) 84, 886
Centrifugal advance mechanisms

(gasoline engine) 489
Centrifugal force 35
Centrifugal force when cornering 352
Ceramic materials 217
Ceramic monoliths (catasytic converters)

449,451
Ceramic soot filters 451
Ceramics 182
Cetane improvers (diesel fuel) 243
Cetane number (fuels) 241
Changes of condition in cyclic processes

368
Changes of state (gases) 59
Charge cycle 454, 501
Charge stratification in cilinder 383
Charge, electrical 60
Charging and insulation 'nodule 865
Charging balance equation (automotive

electrical systems) 884
Charging voltage (automotive electrical

system) 664
Chart, EC tachograph 794
Chassis cross-member 722
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936 Index of headings

Chassis dynamometers (brake testing)
526,702

Chassis frames (commercial vehicles) 734
Chemical elements 176
Chemicals (names of) 250
Child seats (standardized anchorage) 811
Chopper disc (exhaust-gas testing) 532
Chromating (coating) 264
Circuit diagrams (automotive electrics) 839
Circuitfamilies 84
Circuit isolation (compressed-air brakes)

689
Circuit, magnetic 70
Circuit-diagramsymbols, American 857
Circuit-diagramsymbolsautomotive 834
Classification (motor vehicles) 717
Claw-pole alternators 877
Cleaning systems (headlamps) 772
Cleaning, windshield and rear window 770
Clearance (wheel brakes) 681
Clearance lamps 761
Climbing power 341
Climbing resistance 341
Clinching Ooining and bonding) 323
Clock pulse generators (microcomputers)

84
Closed center (hydraulic systems) 825
Closed process(combustion) 366
Closing control (power sunroof) 813
Cloud point (lubricants) 230
Clutch disc 590
Clutches 590
C-net communications path 800
CO, see carbon monoxide 518
Coaches, long-distance (definition) 716
Coal hydrogenation 243
Coalescence effect 437
Coatings 265
Coatings, inorganic 264
Coatings, metallic 265
Coatings, non-metallic 264
Coatings, organic 266
Coefficient ofcyclic variation (crankshaft)

398
Coefficient of cornering stability 360
Coefficientof friction (tire/road surface)

343
Coefficientof friction, static 39, 343; 635
Coefficient of thermal expansion 181
Coefficient of wear 331
Coefficients of expansion 181, 186, 190
Coefficients of friction 39, 282, 313, 315,

343
Coercive field strength 68, 181
Coil ignition (Cl) 477,487

I-

Coil springs 291
Coking (injectors) 555
Cold-discharge test curren: (batteries) 868,

872
Cold-flow properties (diesEl fuels) 241
Colloid (definition) 180
Colorfilters 139
Combination brake cylinders 689, 691
Combustion knock 375, 47, 502
Combustionnoise(dieselengines) 555
Combustion problems 375, 382
Combustion sequence (IC engines) 374,

381,518,560
Combustion stroke 386
Combustion-chamberdesign (diesel

engines) 378, 560
Combustion-chamber design (gasoline

engines) 520
Combustion-chamber pressure curve 479
Combustion-chamber prersure sensor

111
Comfort and convenience systems (motor

vehicle) 812
Commercial vehicle (definition) 716
Commercial vehicles 595, 716, 732
Commercial-vehicle air filters 439
Commercial-vehicle bodies 732
Commercial-vehicle tires 628
Commercial-vehicle transriissions 595
Common Rail (accumulatcr) fuel-injection

systems (CRS) 535, 551
Communication areas (motor vehicle) 780
Compact alternators 877
Compact Disc (CD) 787
Compact-diode design (claw-pole

alternator) 877
Comparative cycle (gas tur bines) 428
Comparative data (IC engiies) 413
Complete combustion 51$
Componentcodes(circuitdiagrams) 854
Components (technical optics) 138
Composite bearings 286
Composite materials 183
Composite positioning (vehicle navigation

systems) 796
Composite systems (autormotive) 887
Compound electrode (spa'k plugs) 483
Compound, chemical 180
Compressed-air conditioning (air brakes)

688
Compressibility (brakefluids) 248
Compression (calculation) 417
Compression (engine cylir ders) 423
Compression area (diagram1) 420
Compression graph (turbochargers) 442
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Index of headings 937

Compression ratio 520
Compression stroke 386
Compressor efficiency 423
Concentration sensors 117
Conditional safety 726
Conductivity, electrical 76,215
Conductivity, thermal 181
Conductor colorcoding (circuit diagrams)

854
Conductor sizes (calculations for

automotive electrical system) 858
Conductors in magnetic fields 72
Conductors, metal 76
Confidence interval (statistics) 159
Conformability (bearings) 283
Connecting rod 405
Connections (symbols) 834
Connectors (vehicle electrical systems)

860
Consistency (lubricating grease) 231,237
Constant throttle (exhaust brake) 683
Constant Volume Sampling (CVS) 526,

561
Constant-displacement pump

(automotive hydraulics) 825
Constant-pressurecycle 368, 428
Constant-pressure systems (automotive

hydraulics) 825
Constant-pressure turbocharging 443, 444
Constant-pressure valve 537
Constant-velocity joints (final-drive) 602
Constant-volume cycle 368
Constant-volume valves 537
Constriction index (fluid flow) 41
Consumable materials (motor vehicle) 247
Contact breakers (coil ignition) 487
Contact corrosion 256, 261
Contact force (tires) 351
Contact pitting 488
Contact potential 83
Contact potential values 73
Contact pressure (gears) 303
Contact thermometers 119
Content-based addressing (CAN) 884
Continuous braking system 646
Continuous combustion 366
Continuousdivision, golden section 147
Continuous sound level (noise) 54
Continuously variable transmissions (CVT)

601
Continuous-time control 169
Contrast(definition) 140
Control cycle (antiock braking

systems/ABS) 662
Control engineering 167

Control filament (glowalugs) 568
Control methods 169
Control rod (in-linefuel-injection pumps)

538
Control systems (IC engines) 171
Control systems, automotive 171
Control unit, electronic ( ESP) 712
Control unit, electronic (ABS/ASR) 608,

695
Control unit, electronic (KE-Jetronic) 470
Control unit, electronic (L-LIH-/L3-Jetronic)

473
Control unit, electronic (Motronic) 498
Control unit, electronic (Park Pilot) 792
Control unit, electronic (seatbelt tensioner

andfront/sideairbag) 808
Control unit, electronic(UIS/UPS) 551
Control valves (steering cylinder) 640
Controlled systems (control engineering)

167
Controlled systems 170
Controlled variables 170
Controlled variables (emission control) 525
Controller Area Network (CAN) 884
Controlling systems, open and closed-loop

(control engineering) 167
Control-sleeve in-line fuel-injection pumps

535,542
Convection (heat transfer) 56
Conventional (3-box) vehicle shape, en

figure 340
Converter lockup clutches 592
Converters, electrical 124
Convertible (cabriolet), definition 716
Coolant circuit (air-conditioning systems)

778
Coolant circuit 410
Coolant expansion tan c 432
Coolanttemperature 431
Coolants 249, 430
Cooled exhaust-gas recirculation 435
Cooler-module technoogy 434
Cooling (engines) 410. 430, 879, 899
Copper conductors (in motor vehicles) 858
Copper losses (alternators) 881
Core hardness (heattreatment) 269
Cornering behavior 352, 359
Cornering force 351, 360
Cornering resistance 339
Corrosion 256
Corrosion inhibitors 243, 249
Corrosion protection 256,262.724
Corrosion testing 259
Corrosive atmosphere 364
Coulomb's Law 61
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Coupe (passenger car), definition 716
Coupling of oscillations 30
CPU, see Central Processing Unit 84, 886
Crank sequence (crankshaft configuration)

401
Crankcase ventilation (blowby) 521
Crankcases 407
Crankshaft assemblies 396, 405
Crankshaft bearings 405
Crankshaft vibrations 406
Crankshaft-assembly dynamics 396
Crash-behavioranalysis 7311
CRC, see Cyclic Redundancy Check 886
Creep(deformation) 47
Creep behavior (strength) 47
Crevice corrosion 259
Critical speeds 353
Crossflow cylinder heads 407
Cross-ply tires 628
Crosswind, response 350
Crosswind, sensitivity 354
CRS, see Common-Rail System 535, 551
Crude oils (characteristics) 244
Cruise Control 714
Cruise-control facility 506, 714
Cryogenic tank (liquid hydrogen) 517
CT (clock/time) code, car radios 788
Cumulative frequency curve (statistics)

156
Curb weight (passenger-car specifications)

899
Curie point 181
Curie temperature tables 208
Current density, permissible 858
Current measurement 62
Current, electric 12, 62, 65, 71
CVS see Exhaust-gas testing 526, 561
Cyclic combustion 366
Cyclic Redundancy Check (CRC) 886
Cycloidal teeth 296
Cyclone prefilters 439
Cylinder deactivation (IC engines) 377
Cylinderheads(ICengines) 407
Cylinder liners (IC engines) 404
Cylinder numbering (IC engines) 395
Cylinder pressure (hydraulic cylinder) 816
Cylinder-charge control (gasoline engines)

452,500
Cylinders, combination brake 689
Cylinders, hydraulic 816, 822
Cylindrical lenses 138
Cylindrical springs 618

D
DAB, see Digital Auto Broadcasting 789

Damped sprung-mass system 612
Damping characteristics 617
Danger of skidding 705
Dash area (vehicle bodies) 723
Data processing (DP) in motor vehicles

169,172,884
Daytime running lamps 763
DC machines 72,132
DC motors for wiper systems 772
DC relays (materials) 185, 206
DC series-wound motors 578
Deceleration (brakes) 345
Decibel (dB) 52
Decimalsystem 144
Decoding (traffic bulletins) 798
Decompression exhaust brake 683
Deep-cyclebatteries 869
Deep-drawing press 326
Deep-drawing techniques 326
Deflection-force lever arm (aulomotive

suspension) 620
Deformation behavior (vehicle bodies) 728
Degree of reflection (optics) 138
Degrees of protection (electrical machines)

136
Delivery pumps (diesel engines) 536, 543
Delivery rate (hydraulic pumps) 816
Delta connection (3-phase AC) 67
Demagnetizationcurves 71
Denloc groove (tires) 625
Density (tuels) 238, 242
Density 180
Destination entry, route guidaice

(navigation systems) 796
Detergent additives (diesel fuels) 243
Device identification codes (c rcuit

diagrams) 849
Devices in the motor vehicle

(diagrams/symbols) 836
Devicesin the motorvehicle (dentification

in schematic diagrams) 849
Di diesel engines 535
Diagnosis(integrated), ME-Notronic 506
Diagnosis connector 511
Diagnosis of control units 511, 884
Diamagnetism 68
Diamagnets 184
Diametral pitch (gears) 301
Diaphragm pumps (fuel supply) 460
Diaphragm-type cylinders (commercial-

vehicle brakes) 689
Dielectric constant 61
Dielectric displacement 61
Diesel engines 378, 534
Diesel exhaust, composition 560
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Diesel fuel filters 436
Diesel fuel-injection pumps 534
Diesel fuels 241
Differential (drivetrain) 590, 604
Differential, see final drive 602
Diffusion flame 381, 382
Diffusion potential 77
Diffusion process 264
Diffusion rate (charge air) 433
DigiCeiver 787
Digital Auto Broadcasting (DAB) 789
Digital call procedure 801
Digital circuits, integrated 83
Digital instruments 781
Digitalnetworks, cellular phones 800
Digital parametric equalizing (DPE) 787
Digital signal adaptation (DSA) 787
Dilatant flow behavior (viscosity increase)

232
Dilution systems (emissions testing) 527
Dimensional tolerances 279
Dimensions (passengercars) 719
Dimethylether(DME) 247
Diodes, semiconductor 78
Direct cooling (air cooling) 410
Direct current (DC) 62
Direct injection (DI) 379, 464
Direction of current flow 62
Direction of rotation (IC engines) 395
Directional stability (steering

characteristics) 638
Directional-control valves (automotive

hydraulics) 820
Dirt sensors 121
Disc brakes 657,681
Disc radiators 434
Disc wheels 624
Discharge of air (from nozzles) 37
Discharge time (energy-storage device)

334
Discrete-time control 170
Dispersion 138,180
Displacer, Stirling engine 424
Display (instruments) 784
Display and operator unit, central 781,

802
Display elements, optical 143
Dissociation losses (combustion) 375
Distance calculation (Park Pilot) 793
Distance sensor (ACC) 714
Distributor (ignition) 488
Distributor fuel-injection pumps 535,543
Distributorless ignition 492
Distributorless voltage distribution (ignition)

482,495

Disturbance point (control engineering)
168

Disturbances (control engineering) 168
Door latches/locks, car 725
Door locking (busses) E 33
Door operation (busses) 832
Doping (semiconductors) 76
Doppler effect 51
Downdraftcarburetors 460
Downgrade force 341
DPE, see Digital parametric equalizing 787
Drag coefficient (cw) 37, 329, 721
Drag coefficient (wind resistance) 340, 721
Draw tempering, steel (hardening) 270
Drawbar power (agricul'ural tractor) 362
Drawbar pull (agricultural tractor) 362
Drawing methods (sheet-metal processing)

326
Drive bateries 576
Drive belts 307
Drive configurations, hyirid 582
Driver information system (ARI) 786
Driver information systems 780
Driver stages (Motronici 498
Driver's cab 734
Driver-selected (disengageable) all-wheel

drive 605
Drivelrain 588
Drivetrain configurations 589
Drivetrain elements 589
Drive-wheeltires(agriculturaltractor) 363
Driving cycles (emissions testing) 526, 562
Driving limits (vehicle dynamics) 706
Drop-center rim (vehicle wheels) 624
Dropping point (lubricants) 232
Drum brakes 657, 678
Drum brakes, servo 681)
Drum brakes, Simplex 679
Drum brakes, wedge 679
Dry cells 64
Dry sliding bearings 283
DSA, see Digital signal adaptation 787
Dual system (mathema:ics) 144
Dual-bed catalytic converters 522
Dual-chamber combustion systems 379
Dual-circuit steering systems 642
Dual-fuel operation (gasoline/LPG) 512
Dual-mass (vehicle) mcdel 612
Dual-mass flywheels (cutch) 590
Dual-sparkignitioncoilE 482,496
Dual-spring nozzle holders 558
Dummies (crash test) 728
Duo-duplex drum brakes 680
Duo-servo drum brakes 680
Durability, passenger cars 722

939
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Duroplastics183,222
Dust-unloadingvalves439
Dutycycle(electricalequipment
Dutytypes(electricmachines)1
Dwellangle488,491,504
Dwellperiod505
Dynamicloadabili (rollingbear
Dynamicrouteguidance(vehicir

navigationsystems)799
Dynamicsupercharging390
Dynamictire-performancechar~

636
Dynamicvehiclestability608,7'
Dynamicviscosity232
Dynamic-behavioranalysis(bor

731
Dynamicsoflateralmotion(moti

350,705
Dynamicsoflinearmotion(motc

338

Dust-unloading valves 439
Duty cycle (electrical equipment) 863
Duty types (electric machines) 135
Dwell angle 48i, 491, 504s
Dwell period 5050
Dynamic loadability (rolling bearings) 289
Dynamic route guidance (vehiclec

navigation systems) 799
Dynamic supercharging 39D
Dynamic tire-performance characteristics

636
Dynamic vehicle stability 608, 705
Dynamic viscosity 232
Dynamic-behavior analysis (bodywork)

731
Dy nam ics of l ate ral m otio n (m otor ve hicles)

350, 705
Dynamics of linear motion (motor vehicles)

338
Dynamised routes 797
Dynatard (engine brake) 683

Easeof ignition (dieselfuel) 241
Ease of repair (body structures) 722
ECtachograph 794
Eccentric shaft (rotary engines) 426
Eccentricity (bearings) 282
ECE/EU test cycle (exhaust-gas

emissions) 528
Echo depth-sounding method (parking

systems) 791
Economic efficiency (gasoline engines)

377
ECOTRONIC carburetor system 462
ECU, see Control Unit, electronic
EDC, see Electronic diesel control 544
Eddy-current sensors 97
Eddy-currentspeedometers 782
Efficiency (reciprocating-piston engines)

370,419
Efficiency (alternators) 880
Efficiency (electric drives) 580
Efficiency levels (gas turbines) 428
Efficiency, theoretical cycle (IC engines)

368
Elastokinematics (suspension) 621
Elastomer swelling 248
Elastomers 183, 224
ELB, see Electronically controlled braking

system 697
Electric drives (motor vehicles) 575
Electric field strength 61
Electric fuel pumps 455

Electric machines 132
Electric motors 132. 571
Electric power units, vehicles 575
Electric road-going vehicles 575
Electrical conductivity 76
Electrical effects 73
Electrical engineering 60
Electrical loads (automotive Electrical

system) 863
Electrical power 62, 65
Electrical properties 215
Electricity storage (hybrid power units) 582
Electrochemical corrosion protection 263
Electrochemical equivalent 64
Electrochemical series of metals 257
Electrode gap (spark plugs) 484, 485
Electrode potential (voltaic) series 73
Electrodynamic principle 125
Electrodynamic retarders 685
Electrohydraulic brakes (EHE) 673
Electrohydraulic pumps 819
Electrolysis (electrolyte) 64
Electrolyte density, state of battery charge

867
Electromagneticcornpatibility(EMC) 890
Electromagnetic fields 60
Electromagnetism (principle) 126
Electron-beam welding 321
Electron-hole pairs (semiconiuctors) 76
Electronic accelerators (ETCdrive-by-wire)

452,501,606
Electronic carburetor system s 462
Electronic components 78, 836
Electronic control unit, see ECU
Electronicdiesel control (EDC) 544
Electronicforce limitation (power windows)

812
Electronic heater controls 777
Electronic ignition (El) 493
Electronicinjection-pumpcontrol 541,

544
Electronic keys (immobilizerE) 769
Electronic knock control (igni:ion retard)

491
Electronic stability program (ESP) 701, 704.

803
Electronic throttle control (ET C/drive-by-

wire) 452, 501, 606, 608
Electronic transmission control 598
Electronically controlled braking system

(ELS) 697
Electronic-system testing (gasoline

engines) 510
Electrophoretic dip coating 724
Electroplating 265

I

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1481



Index of headings 941

Electropneumatic braking systems (EPB)
698

Electropneumatic fanfare horns 766
Electrostatic discharge (EMC) 895
Elongation at fracture (Table) 193
EMC, see Electromagnetic compatibility

(EMC) 890
Emissions (exhaust) 518, 560
Emissions limits (pollutants) 533, 563
Emitter, transistor 79
Empirical distribution 157
Emulsion 180,247
Enameling 265
Energy 15
Energy source (air brakes) 644, 687
Energy storage and supply (air brakes) 689
Energy storage devices, electrical (hybrid

drives) 582
Energy storage devices, mechanical

(hybrid drives) 581
Energy supply (air brakes) 644, 687
Energy supply (automotive electrical

systems) 862
Energy supply (electricdrives) 575
Energy transmission (braking systems)

653
Energy units (conversion) 25
Energy-absorbing foam 723
Energy-assisted braking systems 645
Engagement solenoid (starters) 571
Engaging systems (starters) 572
Engine brakes 683
Engine characteristics (calculations) 417
Engine designs 394, 899
Engine diagnosis 510
Engine drag-torque control (MSR) 608.

708
Engine fuel-consumption graph 336
Engine management (diesel engines) 534
Engine management (gasoline engines)

452
Engine oils 234
Engine power control 452, 606
Engine power loss 414
Engine power output (calculation) 418
Engine ring gears (starting systems) 571
Engine speed and vehicle speed 342
Engine swept volume (calculation) 417,

420
Engine temperature sensors 473
Engine testers 510, 553
Engine testing technology 510, 552
Engine torque (calculation) 419
Engine-control circuit (CS) 610
Engines, internal-combustion (IC) 366

Engines, opposed-cylinder (boxer) 394
Engine-speed reduction (gasoline engines)

377
Enhanced Other Network (EON) 788
Enthalpy (heat content) 56
Enthalpy-entropy diagram 368
Entropy 59
Environmental considerations (automobile

recycling) 732
Environmental considerations (electric

drives) 575
Environmental considerations (exhaust-

emissions control) 519
Environmental considerations (exhaust-

gas aftertreatment) 521
Environmental considerations (exhaust-

gas recirculation/EGR) 519
Environmental considerations (hybrid

drives) 581
Environmental considerations (Lambda

closed-loop control) 522
Environmental considerations (sootfilters)

451
Environmental considerations (three-way

catalytic converter) 522
Environmental stresses on automotive

equipment 364
Environmental stresses on the motor

vehicle 364
EON, see engine octane number 239
EON, see Enhanced Other Network 788
Epitrochoids (rotary engines) 426
Equalizers (car radio) 788
Equilibrium boiling point (brake fluid) 247
Error detection (CAN) 886
E-series (electrical components 145
ESP see Electronic Stability Program 701,

704,803
Ethanol 190
Ethanol as fuel 516
Ethylene glycol 249, 430
EU requirements (braking systems) 650
Euler's Formula 146
Eureka 147-DAB system" 789
Euro test (exhaust-gas emissions) 528,
562
Evaporation loss, fuel 528
Evaporative emissions control system

(fuel) 508
Evaporative-emissions testing 526
Excess air (diesel engines) 382. 560
Excess-air factor (Lambda) 458
Excess-air factor (Lambda) control 522
Excitation (alternators) 875
Excitation (DC machines) 132
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942 index of headings

Excitation (EC/electronically commutated
motors) 134

Excitation diodes (alternators) 875
Exhaust gas 515,518,560
Exhaust pipes 448
Exhaust valves 385,408
Exhaust-flap brakes 683
Exhaust-gascomponents 518
Exhaust-gas emission control 519, 560
Exhaust-gas emission limits 533, 563
Exhaust-gas recirculation (EGR) 435, 501,

519
Exhaust-gas system 448
Exhaust-gas testing 526, 561
Exhaust-gas testing equipment 532,566
Exhaust-gastreatment 509, 521, 561
Exhaust-gas turbocharger (ATL) 392, 442
Exhaust-gas testing cycles 528, 562
Extension spring 292
External combustion 424
External EGR 520
External fuel-mixture control 367
External resistance to vehicle motion 337
External safety (vehicles) 727
External thread (pipes) 318
Eytelwein equation (friction) 306

F
Fabric-base laminates 219
Facet reflectors 743
Fading (brakes) 682
Failure mode and effects analysis (FMEA)

150,165
Fan drives 827
Fanfare horns 766
Fans (radiator) 432
Farad (unit) 17
Faraday's Laws 64
Fastback (crosswind characteristics) 350
Fatigue limit (steel screws/bolts) 311
Fatigue limit under alternating bending

stress 46, 193
Fatigue limit under completely reversed

stress 46
Fatigue limit under pulsating stress 46
Fatigue resistance (springs) 291
Fatigue strength of structure 47
Fault memory, 507, 671
Fault-tree analysis (FTA) 166
FE model (self-steering characteristics)

359
Federal Test Procedure (FTP 75) 529
FEM, see Finite Element Method 326
Ferromagnetism 68
Ferromagnets and ferrimagnets 184

FET, see Field-effect transistor 79
Fiber composite materials 183
Fiber-optic sensors 95
FlD, see Flame ionization detector 562
Field constant, electrical 61
Field strength, magnetic 68,73
Field, electrical 61
Field, electromagnetic 60
Field, magnetic 67,71
Field-dependent resistors 104
Field-effect transistor (FET) 79
Filler metals (high-temperature brazing)

213
Film (substrate) potentiometers 96
Film circuits 87
Filter method (exhaust soot rernoval) 566
Filterability (diesel fuels) 241
Filters, air 438
Filters, color 139
Filters, diesel fuel 437
Filters, edge, see filters, oil411
Filters, inline 436
Filters, oil 411
Filters, soot 451
Final compression pressure (FOP) 423
Final controlling elements (control

engineering) 168
Final drive ratio (passenger-cai specifica-

tions) 899
Final-drive units 602
Fine-pitch thread (metric) 317
Finite Element Method (FEM) 326
Finned-tube radiator systems 430
Firing order (IC engines) 395
Fischer-Tropschsynthesis 243.
Fittings 318
Fixed-caliper disc brakes 657, 681
Flame hardening 269
Flame Ionization Detector (FIU) 562
Flashing frequency 759
Flashingsignals 760
Flashpoint (fuels) 230, 242
Flat pintle nozzles 555
Flat-base rims 624
Flatbed body structures (commercial

vehicles) 735
Fleetfuelconsumption (test cycles) 530
Flexible-disc couplings 602
Float angle (vehicle dynamics) 354, 358,

705
Float angle 355
Float chamber (carburetors) 461
Float glass process 774
Floating cardata (traffic telematics) 799
Floating-caliper disc brakes 657, 681
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Floodlamps 763
Flow curves 232
Flow improvers (diesel fuel) 243
Flow meters 115,474
Flow pressure 230
Flow rates in lines 817
Flow volume (calculation) 41
Flow with change in cross section 41
Flow-control valves (automotive hydraulics)

820
Flow-typepumps 456
Fluid friction 329
Fluid mechanics 41
Fluid-friction clutch, VISCO 432
Flux (soldering) 321
Flux density, magnetic 67
Flux, magnetic 68
Flyweight (mechanical) governors (diesel

engines) 538
Flywheel ring gears 571
Flywheels, dual-mass (clutch) 590
Flywheels, hybrid drive 581
FMEA, see Failure Mode and Effects

Analysis 150,165
Foamenergy-absorbing 723
Focal length (reflector) 739
Fog lamps 755
Fog warning lamps (rear fog lamps) 762
Force 15
Force limitation (powerwindows) 812
Force of attraction 37
Forcesensors 112
Force units, conversion 24
Forced-teed lubrication 410
Forked-pipe radiators 434
Form factor (vibration) 31
Forward-control cab 735
F6ttinger converter 592
Four-channel ABS system 660
Four-circuit protection valves 676
Fourier series (definition) 29
Four-layerdiodes 81
Four-stroke process (IC engines) 385
Fracture toughness 180
Frame junctions (commercial-vehicle

chassis) 734
Frames (passengercars) 722
Free fall 36
Frequency (definition) 29
Fresh gas, fresh charge 385, 453
Fresnel optics 757
Fretting corrosion 259
Friction 39, 329
Friction between solids 233, 329
Friction clutches 590

Friction force 329
Friction hardening 269
Friction modifier (lubricants) 230
Friction welding 321
Frictional power 329
Front airbag systems 803, 805
Frontal impact 727, 737
FTA, see Fault Tree Analysis 166
FTP 75, see Federal Test Procedure 529
Fuel cells (reaction equations) 586
Fuelcells 584
Fuel consumption 21, 336, 721, 866, 899
Fuel conversion (degree of) 370
Fuel delivery 455, 508
Fuel distributor, K-Jetronic 468
Fuel evaporation 506
Fuel filters 436
Fuel injection 379, 534, 560, 563
Fuel injectors 468, 473, 476, 509
Fuel pumps 455, 460
Fuel pumps, in-tank 457
Fuel regeneration (fuelcell) 585
Fuel vapor 472
Fuel-consumption graph (ICengines) 336
Fuel-delivery control 536
Fuel-delivery measuring methods 553
Fuel-injection pumps, axal-piston distribu-
tor-type (VE), mechanically governed 535,

543
Fuel-injection pumps, distributor-type 535,

543
Fuel-injection pumps, in-line 535
Fuels (basic requirements) 335
Fuels (essential data) 239,246
Fuels (properties) 244
Fuels 238
Fuels for SI engines (gasoline) 238
Fuel-supply pumps (diesel engines) 536,

543
Fuel-supplyshutoff 377
Full-depth teeth (gears) 301
Full-flowoillitters 411
Full-throttle fuel enrichment 470
Fullyautomatictransmissions 597
Fully developed deceleration 648
Fusion welding 321

G
Galvani potential 74
Galvanic cells 64
Galvanic effects 75
Galvanic interference coupling 894
Galvanomagneticeffects 98
Gap reflectors 739
Gas discharge 75, 744

943
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Gasexchange 366,384
Gas force (10 engines) 396
Gas forces (reciprocating-piston engines)

396
Gastriction 329
Gas generators (airbag) 809
Gas lasers 328
Gas turbines (IC engines) 366, 428
Gasvelocity(calculation) 418
Gaseous-discharge lamps 139, 744
Gasoline (SI) engines 372
Gasoline 238,244
Gasoline direct injection 373
Gasoline filters 436
Gasoline injection systems 463
Gasoline, see Fuels 238
Gas-shielded metal-arc welding 321
Gassing voltage (lead-acid battery) 873
Gate arrays 87
Gaussian distribution 157
Gear motors and gear pumps (automotive

hydraulics) 817
Gear pair with modified center distance

299
Gear pair with reference center distance

299
Gear qualities 299
Gear shifting 594, 899
Gear teeth 296
Gear transmissions 590
Gear types of 297
Gears 296
Gearset (seat adjustment) 814
Gel-type greases 230
General surface corrosion 258
General-purposebatteries 865
Generation of electrical energy (automotive

electrical system) 874
GeometricSeries 147
Geometrical deviations (tolerances) 280
Geometrical moments of inertia 49
Glare (lighting) 739
Glassceramics 265
Glasses (materials) 182
Glass-mat-baselaminates 219
Glazing 725
Glow plugs 568
Glow sequence 570
Glow-control units 569
Glycol (Glysantin), see Ethylene glycol

249,430
Glycol-ether fluids (brakes) 248
Golden section (continuous division) 147
Gough map (tire performance) 634
Governors (diesel engines) 538, 543

Governors, combination (diesel engines)
539

Governors, RO-, RQV-, RSF-, RSV-< 539
Governors, variable-speed 538
Graded-indexopticalfiber 141
Gradient sensors 104
Graphical display (instrument cluster) 784
Graphics module (motor vehicles) 781
Graphite(lubricants) 231
Gravitation 37
Gravity braking systems 645
Grooved friction bearing 283
Ground electrode (spark plugs) 483
Grounding points(motorvehicles) 856
Guldin's Rule (Pappus theorem) 148
Gunn oscillators 101

H
H point (hip point) 718
Half-value width (oscillations) 30
Hall effect 74
Hall principle (ignition pulse generator) 490
Hall sensors 103,107
Hall-effect IC 98
Hall-effect vane switches 103,107
Halogen lamps 139
Hard metals 195
Hard soldering 321
Hardening 268, 273
Hardness 274
Hardness, Brinell 275
Hardness, Knoop 278
Hardness, Rockwell 274
Hardness, scleroscope 278
Hardness, Shore 278
Hardness,Vickers 276
Hazard-warning flashers 760
HB measurement method (Brinall

hardness) 275
HC, see Hydrocarbons 244, 513
Headlamp adjustment 750
Headlampaiming devices 752
Headlampcleaningsystems 755,772
Headiamp leveling controls (vertical-aim

control) 754
Headlampsystems 740
Headlamps 138,739
Head-up display (HUD), instruments 785
Heat 56
Heat balance (Stirling engines) 425
Heat exchanger (gas turbine) 428
Heat of evaporation (materials) 181
Heat of fusion, specific 181
Heat range (spark plugs) 484
Heat requirements (dwellings) 57

944

PETITIONER'S EXHIBIT 1002 
US PATENT NO. 6,581,565 

Page 1485
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Heattransfer 56
Heat treatment (metals) 268
Heatable safety glass 775
Heat-absorption glass 775
Heated lambda sensors 524
Heating (motor vehicles) 776
Heating, catalytic converter 505
Heat-transfer coefficients 57
Heavy metals 195, 198
Heavy-duty (HD) batteries 870
Helical gears 298
Helical springs 292, 618
Helmholtz resonator 451
HF eddy-current sensors 97
High beam (headlamps) 747,749
High-lubricity oils 236
High-pressure fuel-injection pumps 536
High-pressure lubricants 230, 231
High-pressure metal-diaphragm sensors

112
High-pressure pumps 508, 536, 543, 551
High-voltagedistribution 492
High-voltage supply (ignition) 487
Histogram(statistics) 156
Hoist controls (agricultural tractors) 825
Hole (electron gap) 76
Hole-type nozzles 556
Holography 142
Homofocal reflectors 741
Homogenousoperationmixtureformation

464
Hooke's Law 43
Horns 766
Horsepower (conversion) 25
Hot immersion priming 265
Hot-film air-massflow meters 116,475
Hot-wire air-mass flow meters 116, 474
Humidity sensors 118
Hump (wheel rims) 624
Hybrid circuits 87
Hybrid electric bus 583
Hybrid engines 383
Hybrid power units 581
Hydraulicpowerpotential(CRS) 552
Hydraulic accumulators (automotive

hydraulics) 827
Hydraulic cylinders (automotive hydraulics)

816,822
Hydraulic cylinders (suspension systems)

615
Hydraulic diaphragm accumulators 619
Hydraulic level-control systems 613
Hydraulic modulators (ABS) 661, 665, 671,

712
Hydraulicmotors 816

Hydraulicpumps 816
Hydraulic systems for tractors 824
Hydraulic valves 820
Hydraulic-fluid control (hydropneumatic

suspension) 616
Hydrocarbons (exhaust-gas emissions)

518
Hydrocarbons (properties) 244
Hydrodynamic plain bearngs 282,284
Hydrodynamic retarders 684
Hydrodynamic torque converters 129,342,

591
Hydrodynamics 233
Hydrogen (properties) 2z5
Hydrogen accumulators (fuel cells) 585
Hydrogen as fuel (SI engines) 517
Hydrogen storage medium (fuel cell) 585
Hydromechanicalefficiercy 816
Hydropneumatic springs 613,619
Hydrostatic drives (autoriotive hydraulics)

830
HydrostaticenergyconvErters 129
Hydrostatic press 41
Hydrostaticsteering 642
Hysteresis loop 68
Hysteresis loss 68
Hysteresis, brakingsystem 647

IC,see Integrated Circuit 82
Ice crystallization point (c lycol-water

mixtures) 249
Ideal combustion cycle (1I engines) 369
Identification lamps, rotaling flashing 763
1DI (indirect injection) diesel engines 535
Idle-speed control 470, 491, 505, 538
Ignition 374,452,477
Ignition chambers 374
Ignition coils 481, 487, 492
ignition distributors 488
Ignition energy, ignition Soark 480
Ignition maps 494
Ignition point 389,478
Ignition spark 477
Ignition spray process (rr ultituel engines)

384
Ignition systems 479
lgnition systems, overview 520
Ignition systems, electronic 493
Ignition timing and adjusment 478, 489
Ignition voltage 477
Ignition-advance angles 479, 504
Ignition-advance mechanisms 489
Ignition-triggering sensoe s104
Illuminance 140

IN
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Image sensors 122
Impact detection (airbag) 805
Impedance, electrical 65
Incandescent lamps 139
Inch (conversion) 19
Incomplete combustion 518
Increment systems (ignition) 494
Independent suspension 623
Inductance (coils) 65, 73
Induction hardening 269
Induction period (lubricants) 231
Induction principle (ignition pulse

generator) 490
Induction-type pulse generator (ignition

distributor) 490
Inductive sensors 103
Industrial trucks 575
Inert gas welding 321
Inertia of bodies 38
Inertia of plane areas 49
Inertia reel (seat belts) 729
Inertia-drive starters 572
Inertial forces (crankshaft assemblies) 397
Inflation pressures (tires) 631
Infrared method (emissions testing) 532
Inrared system (vehicle immobilizer) 769
Inhibitors (in lubricants) 231
Inhibitors, corrosion 267
Inhibitors, vapor-phase (VCI, VPI) 267
Initial-sample testing 152
Injection pumps (diesel) 534
Injection pumps (diesel), electronic control

541, 544
Injection-pump test benches (diesel) 552
In-line control-sleeve fuel-injection pumps

542
In-line engines (definition) 394
In-line fuel-injection pumps 535
Inorganic materials 182
Inspection planning (quality assurance)

153
Instrument clusters (motor vehicle) 780
Instrument lighting 783
Instrumentation (motor vehicle) 780
Insulating materials, properties of 216
Insulator (spark plugs) 483
Insulators 76
Intake manifolds (carburetors) 460
Intake runners, variable length 391
Intake stroke 374, 386
Intake systems (contamination inhibitors)

241
Intake valves 385, 408
Intake-air cooling 561
Intake-noisedamping 439

Integral timing devices (diesel injection)
541

Integrated circuit (IC) 82
Integrated on-board diagnostics (013D) 506
Integrated sensors 95
Intercrystalline corrosion 259
Interference (vibration and oscillation) 30
Interference coupling (EMC) 894
Interference (automotive electrical system)

890
Interference model (EMC) 894
Interference sources (automotive el ectrical

system) 890
Interference suppression 890
Interior dimensions (passenger cars) 718
Interior noise level (motor vehicles) 53
Interior trim 725
Intermittent duty (electric machines) 135
Internal A/F mixture formation 367 464
Internal combustion (IC) 366
Internalexhaust-gas recirculation (EGR)

520
Internal safety (vehicle body) 727
Internal threads (pipes) 318
Internal-combustion (IC) engines

(calculation equations) 417
Internal-combustion (IC) engines 266
Internal-gear pumps 455
Interphase reactions (corrosion) 256
Interval(acoustics) 51
Intrinsic conduction of semiconduc ors 76
Involuteteeth 296
Ionic-current measurement procedire

(spark plugs) 484 <
Iron losses, alternator 881
ISO metric screw threads 317
ISO tolerance classes 279
1U characteristic (battery charging) 870,

873

J
Jackknifing 361
Jake brake (engine brake) 683
Japanese test cycle (emissions testing)

531,563
Joining and bonding techniques 319
Joulecycle(gasturbines) 428
Jump characteristic (Lambda oxygen

sensors) 523
Junction field-effect transistors 79

K
Krman vortex path 115
KArmin vortex volumetric flow meter 475
KE-Jetronic 469

lb - -
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Kelvin 12,17 (conversion) 26
Kick-down switch (automatic

transmissions) 598
Kilogram (definition) 12,14
Kinematic viscosity 232
Kinetic energy 35
Kingpin angles 621
Kingpin offset 620, 621, 639
Kirchhoff'sfirst (current) law 62
Kirchhoffs Laws 62
Kirchhoffs Second Law 62
K-Jetronic 467
Knock (diesel engines) 383
Knock control 491, 496, 506
Knock inhibitors (fuels) 239
Knock sensors 108, 497
Knot (unit of speed) 15
"K"shape (vehicle bodies), Drag coefficient

(cw) 340
K-values(screw-threadfriction) 314

L
Lambda closed-loop control 469, 473, 505,

522
Lambda oxygen sensors 117,523
Laminar flow (hydraulics) 817
Laminated composite materials 183
Laminated safety glass (LSG) 774
Laminates (materials) 219
Lanchester balancing system (crankshaft)

401
Laser cutting 328
Laser technology 141, 328
Lateral dynamics(motor vehicles) 350,

705
Lateral force (tires) 634, 659
Lateral runout (wheels) 626
Law of continuity (magnetic flux) 71
Law of induction 72
Layered mixture formation 464
Lead-acid batteries 576, 866
Leaded gasoline 238
Leaf springs 290, 618, 622
Leakage coefficient, magnetic 71
Lean misfire limit (SI engines) 458
Lean-burn (oxygen) sensors 524
Lean-burn catalytic converters 374
Lean-burn control (exhaust-gas emissions)

523
Lean-burn engines 520
Leclanche cells 64
LED, see Light-Emitting Diode 143
Legal units 13
Lens (lighting systems) 748
Level-control systems (air suspension) 613

Lever law 37
License-plate lamps 761
Life factor (gears) 303
Lifting-axle control 614
Light distribution patterns (vehicle

headlamps) 744
Light-Emiing Diode (LED) 143
Light metals 199
Light sources 139
Light transmittance (automotive windshield

and windows) 775
Light/dark cutoff line (low beam) 741
Light-alloy wheels 625
Lighting source (instrumet cluster) 783
Lighting techniques 738
Lights and lamps (motor vehicles) 757
Limit stresses 45
Limit-current principle (Lambda oxygen

sensors) 524
Limited-slipdifferentials 590,604
Limiting field strength 68
Limp-home mode (engine management)

507
Linefilters 436
Linear bus structure(CAN) 884
Linear coefficient ofexpansion 181
Lines of flux (magnetic fie d) 72
Liquefied Petroleum Gas (LPG) 245, 251,

512
Liquid Crystal Display (LCD) 143
Lithium-based batteries 576
Litronic 744
L-Jetronic 471
Induction period (lubricants) 231
Intercooling 433, 561
Load control (St engines) 376
Load dump (voltage peaks) 882
Load index (tires) 631
Load ranges (IC engine) 509
Load sensing, see Directional-control

valves 820
Load-bearing capacity (gears) 302
Load-bearing capacity (rolling bearings)

289
Load-bearing componenis (vehicle bodies)

723
Load-change shock damping 506
Load-levelling systems (air suspension)

613
Loads, permissible 45
Lock nuts 313
Locking devices (threadel fasteners) 310
Logarithmic decrement (definition) 30
Logic circuits 84
Logic devices, programmable (PLD) 87

947
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Long-distance coaches (bodywork) 736
Longitudinal elements 108
Long-term stability (Lambda closed-loop

control) 525
Lorentzforce 61, 125
Loudness (acoustics) 54
Loudness level 54
Lower beam (headlamps) 740,749
Low-temperature sludge (lubricants) 231
LPG, see Liquefied Petroleum Gas 246,

251,512
Lubricants 230, 333
Lubricating greases 236
Lubricating varnish 230
Lubrication 410
Lubricity 242, 333
Luminance 140
Luminous efficiency 140
Luminous emittance, specific 140
Luminous energy (definition) 140
Luminousflux 140,740
Luminous intensity (definition) 140

M
M+S tires (winter tires) 628
Mach number (speed of sound) 21
Machine capability (quality assurance) 153
Machines, electrical 132
Magnesium alloys 199
Magnetic flux (magnetic field) 71
Magnetic materials 183
Magnetic quantities 18,60,67
Magnetic sheet steel and strip 184, 204
Magnetic-field sensors 103
Magnetization curves 70
Magneto-elasticbearing-pin sensors 112
Magnetoresistive sensors 100
Magnets, ceramic 210
Magnets, metallic 209
Main headlamps 740,749
Main headlamps, American system 749,

753
Main headlamps, European system 740,

749
Main jet (carburetors) 461
Mai nenance-free batteries 86B
Major dimensions (passenger cars) 718
Major exhaust-gas components 518
Malleable cast iron 193
Manifold-pressure compensator (LDA) 540
Manipulated variables (control systems)

168
Manually-shifted transmissions 593, 597
Manufacturing accuracy 164
Martensitic iron microstructure 268

Material groups 182
Material parameters 180
Material terminology 180
Material-content curve (tolerances) 281
Materials (permanent magnet) 209
Materials (rolling bearings) 289
Materials, cast Iron 193
Materials, ceramic 217
Materials, electrical engineering 215
Materials, gear 305
Materials, laminated 219
Materials, non-ferrous 198
Materials, plastic 220
Materials, sinter metal 200, 207
Materials, soft magnetic 203
Materials, steel and malleable cast iron 193
Mathematics 144
Maximum permeability 181
Maximum speed (passenger-car

specifications) 899
Maximum-speed governors (diesel

engines) 538
McPherson strut (suspension linkage) 623
ME Motronic 498
Mean pressure (gasoline engines 376
Mean Time To Failure (MTTF) 166
Measurement (basic terms) 164
Measuring chambers (exhaust-gas

emissions) 532
Measuring techniques (EMC) 89'
Mechanical (flyweight) governors 538,543
Mechanical supercharging 391
Mechanics, basic equations 34
Mechatronics 92
MED-Motronic 464,507
Message format (CAN) 885
Metal adhesives 322
Metal catalytic converters 449
Metal soaps 231
Metal-ceramic bearings 287
Metal-hydride tanks 517
Metalliccoatings 229
Metal-oxide semiconductors (MOS) 79
Metals 76,182
Meter (definition) 12
Metering pumps(steering cylinde:) 642
Methanol (fuels) 516
Methanol (properties) 244
Methanol reforming (fuel cells) 565
Microcomputer performance 172
Microcomputers, microprocessors 84,172

498
Micromechanicalpressure senso's 89
Micromechanics 89
Mineral oils (lubricants) 231
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Mineral-oil fluids (brakes) 249
Miniaturization concepts (sensors) 95
Minibus (definition) 716
Minor components (exhaust gas) 518
Mixedfriction 233,329
Mobile communications (CAN) 884
Mobile radio 800
Modal analysis (vibrational characteristics)

33
Module series (spur and bevel gears) 300
Modulus of elasticity 42
Moldings (vehicle components) 723,725
Mole (unit), definition 12
Molybdenumdisulphide 237
Moments of inertia (crankshaft assemblies)

397
Monitoring system (ESP) 712
Mono-Jetronic 465
Monolex sloping-bead seat wheels 626
Monolith, ceramic 449, 521
Monolithic integration 82
MOS field-effect transistors 79
MOS, see metal-oxide semiconductors 79
MOSFET, see MOS field-effect transistors

79
Motion, rectilinear 34
Motive force 342
Motive power of vehicles 342
Motor octane number (MON) 239
Motor vehicle (definition) 716
Motor vehicles (classification systems) 716
Motorvehicles 334
Motorcycle tires 596
Motorcycles (definition) of 716
Motors, wiper-system 772
Motor-vehicle definitions 716
Motronic 498
Moulding compounds(plastic) 220
Moving-magnet ratiometer 782
MSR, see Engine drag-torque control

608,708
"M"system (diesel engines) 380
MTTF, see Mean Time To Failure 166
Mufflers 448, 450, 692
Multi-circuit braking systems 645
Multifocal reflectors 741
Multifuel engines 384
Multifunction regulators (automotive

electrical system) 882
Multigrade oils 231, 236
Multilayerbearings 283
Multilayerceramicsubstrates 87
Multi-leaf springs 290
Multi-line braking systems 646
Multi-master principle (CAN) 884

Multimode (MM) fibers (optical
waveguides) 141

Multi-piston power units 394
Muliplate overrunning clutcnes (starters)

573
Multiple injection (CRS) 552
Multiple-orifice nozzles (conbustion

process) 379
Multiple-ratio transmissions 592, 593
Multiplex application (CAN) 884
Multipoint fuel-injection systems 463, 467
Multi-purpose passenger cars (definition)

716
Multipurposetrucks(definition) 716
Multistage turbochargers 445
Muscular-energy braking systems 640, 645

N
Narrow V-belts 307
Narrow-band interference (EMC) 891
Natural frequency (definition) 29
Natural frequency of vibration absorbers 32
Natural gas as fuel 512
Natural gas (characteristicsi 245
Natural gas, operationon (El engines) 515
Naturalmaterials 183
Natural-gasengines 515
Navigation systems, vehiclE 796
Needle-motion sensors 542
Networked vehicle systems 887
Neutral cornering 355
Newton (unit) 12,15
Newton's Law 12
Newtonian fluids 232
Nickel-based batteries 576
Nitriding and nitrocarburizing 272
Nitriding of iron 272
Nitrogen oxides (NOx) in exhaust 518, 560
Nitrogen-oxide emissions 479, 518, 560
NMOG emission limits 533
Noble metals (corrosion) 258
Noble-metal catalytic converters (diesel

engine) 561
Noise (alternators) 881
Noise (diesel engines) 383
Noise (passenger-car differential) 603
Noise (stationary vehicle) 52
Noise damping 439
Noise design 55
Noise emissions (motorvoticles) 52
Noise levels 51
Noiselevels, perceived 54
Noise limits (motor vehiclesi 52
Noise reduction 51
Noise, diesel engine 383

949
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Nominal capacity (batteries) 868
Nominal/Net/Useful power (definitions) 415
Non-conductors 76
Nonferrous metals 198
Non-laminated toughened safety glass

774
Non-metallic materials 217
Non-methane organic gas (NMOG) 533
Non-volatile memories 84,173
Normal (Gaussian) distribution 157
Normalizing 273
Notch effect (strength) 44
NOx, see nitrogen oxides 518, 560
Nozzle shapes 556
Nozzle-opening pressures 558
Nozzles and nozzle holders 554
Nozzles, throttling-pintle 554
NPN transistors 79
Number of teeth spanned (gears) 298
Number systems 144
Numerical aperture (NA) 142

0
OC (open center) directional control valves

820
Occupant safety systems 727, 729, 803
Occupant-classification mat 810
Octane rating (antiknock quality) 238
Octave band spectrum 51
Off-board testers (engine) 511
Off-road tires 628
Ohm's Law 62,66
Ohmic resistance 62
Oil control rings (piston) 404
Oil coolers 434
Oil filters 411
Oil separation 230
Oil-bathairfiters 439
On-board diagnosis (OBD) 511
Opacity measurement (exhaust soot) 566
Open center (hydraulic systems) 820, 824
Open control loops (control engineering)

167
Open process(combustion) 366
Open-circuit potential (corrosion) 257
Opening control (power sunroof) 813
Opening pressure (injectors) 558
Open-loop operation (vehicle handling) 354
Operating temperature, battery systems

576
Operation on alcohol (spark-ignition

engines) 516
Operational amplifiers (OP) 93
Opposed-piston engines 394
Optical fibers (optical waveguides) 141

Optical fibers 141
Optical properties (windshield and window

glass) 775
Organic materials 183
Orientation (vehicle navigation systems)

796
Oscillation gyrometers 105
Oscillations (types) 612
Outflow volume (calculation) 41
Output power (hydraulic pumps) B18
Outside diameter (spur gears) 298
Overallcontact area (spur gears) 298
Overall efficiency (IC engines) 370
Overland bus (definition) 716
Overlapratio(gears) 298
Overrun fuel cutoff 470,505
Overrunning clutch. radial-tooth (starters)

573
Overrunning clutch, roller-type (starters)

573
Overrunning-clutch systems (starters) 573
Oversteer 352, 355
Overturning test 728
Overvoltage protection (automotive

electrical system) 882
Overvoltage protection, Z-diode

(alternators) 883
Oxidants (exhaust-gas pollutants) 518
Oxidation catalytic converters 448, 521
Oxygen concentration sensors 117

P
Painting (body shells) 724
Painting (corrosion protection) 266
Paints (automotive) 228
Panhard rod 622
Paperairfilters 38
Paper sizes 20
Paper-base laminates 219
Paraffin precipitation (diesel fuel) 437
Parallel connection 66, 133
Paramagnetism 68
Paramagnets 184
Park Pilot warning coverage 793
Parking lamps 761
Parking systems 791
Parking-brake systems 644, 682
Parking-brake valves 690
Partial throttle efficiency 375
Particlecompositematerials 183
Particle vel ocity (definition) 29
Particulates in exhaust gas (measurement)

562
Part-load behavior 414
Passengercar (definition) 716

nr
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Passenger cars 716, 718
Passenger-car air filters 438
Passenger-car bodies 718
Passenger-cardimensions 719
Passenger-car engine-cooling systems

430
Passenger-car tires 628
Passenger-car transmissions 594
Passenger-car types 900
Passenger-compartment surveillance 810
Passing/overtaking 348
Passive safety (vehicles) 727, 737
Peak factor (vibration/oscillation) 31
Peltier effect (thermoelectrics) 74
Pendelum motion 35
Pendelum-motion oscillation amplitudes

(motor vehicles) 361
Penetration (lubricants) 231, 234
Perceptibility safety 726
Perforated-pipe silencers 451
Perforating (lasers) 328
Periodic system of elements 179
Peripheral pumps 456
Peripheral testing (engines) 510
Peripherals (microcomputers) 86
Permanent magnets 69, 183
Permanent magnets, rare-earth type 580
Permanent-field starters 571
Permanently-excited synchronous drives

580
Permanent-magnetexcitation 132
Permanent-magnet materials 69,185, 209
Permeability 68,181
Permissible voltage drop (wiring) 859
Perpendicularity tolerance 279
PES fog lamps 756
PES headlamps 743
Phase displacement angle p 65
Phon 54
Phonetic alphabets 897
Phosphatizing 264
Photocells, see solar cells 81
Photodiodes 78
Photometers (exhaust-gas emissions) 567
Photometric quantities and units 18, 137,

140
Photovoltaics 81
Physiology of vision 140
Pl code, see Program identification number

787
Piezo-ceramicsensors 108
Piezoelectric sensors 105,108
Pilot injection (diesel engines) 546, 552
Pinion-engaging drive(starters) 571
Pinions (starters) 571

Pipe threads 318
Piston accumulators, hydraulic 619, 826
Piston and crankshaft assenbly of the

reciprocating-piston engine 394
Piston motors (automotive hydraulics) 818
Piston movement 417
Piston pressure (calculation) 419
Piston pumps (automotive hydraulics) 818
Piston rings 404
Piston velocity 417, 422
Pistons 404
Piston-type fuel-supply pumps 536
Pitch (perceived pitch levelsi 54
Pitch (suspension systems) 613
Pitch circle diameter (spur gears) 298
Pitch diameter (conversion) 301
Pitot-tube air-flow sensors 115
Pitting corrosion 258
Plain (sliding) bearings 282
Planetary-gear sets 571, 593
Plasma polymerisation 267
Plastic flow behavior (lubricants) 232
Plastics (trade names) 226
Plastics 183
Plating 265
PLD, see. Programmable Logic Device 87
Plunger-and-barrel assembles 536
Plunger-type sensors 97
Ply rating, PR number (tires 1630
Pneumatics, automotive 832
PN-junction (semiconductors) 77
Poisson approximation and distribution 163
Polarsubstances (lubricants) 231
Polarisation, electrical 61
Polarisation, electroytic 64
Polarisation, magnetic 68, 181
Pollutant emissions, see exhaust gases

513,518
Poly-Ellipsoid System (PES) 743
Polymer bearings 286, 288
Polytropic exponent 375, 382
Populations (technical statistics) 156
Port-closing sensors 540
Position sensors 96
Positional tolerance 279
Positive belt drives 309
Positive-displacement pumps 455
Positive-displacementsuperchargers 392,

440
Post-start phase 470, 505
Potential, diffusion 77
Potential, electrical 17, 61
Potentially susceptible devices (EMC) 893
Potentiometers 96
Pourpoint (lubricants) 231

951
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Powder coating (corrosion-protection) 267
Power (mechanical) 35, 40
Power and torque 15,40
Power controllers (electric drives) 578
Power curves (electric drives) 579
Power curves (IC engine) 413
Power density (actuators) 130
Power density (motor vehicles) 334
Power factor cos (p 64
Poweroutput (electric drives) 578
Power output (IC engines), definition 414
Power output efficiency (SI engines) 377
Power output per liter, see Power per unit

displacement 418,899
Power output per unit (passenger-car

specifications) 899
Power per unit displacement, see Power

output per liter 418, 899
Powertake-offs(commercial-vehicle

transmissions) 595
Power take-up elements 590
Power units, electric vehicle 578
Power units, hybrid 581
Power units, hydrostatic 827
Power-assisted steering 640
Power-brake systems 645,674
Power-line frequencies (AC) 65
Power-steering systems 640
Power-window drives 812
Power-window motors 812
PR numbers (tire identification) 630
Prechamber systems (IC engines) 381
Precipitation hardening 273
Precrash sensing 811
Pre-engaged-drive starters 572
Preferred numbers 145
Premium-gradegasolines 238
Presentation of measured values

(engineering statistics) 156
Pressure build-up time (brakes) 347, 647
Pressure control (brakes) 687
Pressure control valves 509, 696
Pressure in fuel system 455
Pressure plate (clutch) 590
Pressure point (vehicle side-wind

characteristics) 350
Pressure regulator (fuel supply) 471
Pressure sensors 89,109, 509
Pressure units (conversion) 24
Pressure units 16
Pressure vs. volume work diagram 367
Pressure-control valves (automotive

hydraulics) 821
Pressure-relief valves (automotive

hydraulics) 821

Pressure-wave chargers 446
Pressure-wave supercharging 393
Pressurized (Tox) clinching 323
Primary current limitation (transistor

ignition) 491
Primary retarders 684
Printed circuit board (pcb) technology 88
Prisms (technical optics) 138
Probability (statistics) 158
Process capability (quality assurance) 153
Production-planning phase 152
Program identification number Pl code)

787
Program Type (PTY code) 788
Programmable Logic Devices (PLD) 87
Progression system (carburetors) 461
Project specificationsmanuali (quality) 150
Projected vehicle cross-sectioral area 721
PROM 84
Propane. LPG 192,245,512
Properties of fuels 244
Properties of gases 192
Properties of liquids 190
Properties of metals 193
Properties of solids 186
Proportional valves, electrical E21
PTC, see Thin-film metallic resistors 119
PTY code, see Program Type 788
Pullman saloon (definition) 716
Pulse generators (ignition) 490
Pulseturbocharging 443
Pulsed arc welding 321
Pump shutoff (diesel engines) 541, 544
Pump timing adjustment 542
Pumps, vane-type 543
Push-rod assemblies (valve timing gear)

408
Pyrometric temperature sensirg 119
Pyrotechnical seatbelt tensioners 804

Q
Quadratic equation 147
Qualityassurance(QA) 150
Quality audits 150
Quantities (nuclear physics) 18
Quantities and units (overview) 14
Quantity of electricity 17
Quench and draw (steel) 271
Quick solders 321

R
Rack-and-pinion steering 639
Rack-travel sensors 540
Radar sensors 107
Radial crushing strength 180
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Radial engines 394
Radial force of crankshaft assembly 396
Radial runout (vehicle wheels) 626
Radial tires 628
Radial-piston distributor-type fuel-injection

pumps 535
Radial-piston machines 818
Radial-ply tires 628
Radial-sleeve bearings 282
Radian measure 146
Radiation, electromagnetic 137
Radio Data System (RDS) 787
Radio remote control (alarm systems) 767
Rain sensors 122
RAM, see Random Access Memory 84
Ram-pipe supercharging 390
Random Access Memory (RAM) 84
Random interval (statistics) 158
Random variable (statistics) 157
Ranges(electricvehicles) 576
Ranges (headlamps) 739
Range-selectorbox(drivetrain) 595
Rare-earth permanent magnets 580
Rating codes (tires) 631
Rating sound level (noise) 53
RDS, see Radio Data System 787
Reactance 66
Reaction time 346, 647
Reaction torque (brake testing equipment)

702
Reactive power, susceptance, reactance

65
Read Only Memory (ROM) 84
Rear hoisting-gear controls (agricultural

tractors) 825
Rear mufflers 451
Rear suspension 620
Rear underride guards 737
Rear-end impact 728
Rear-window wiper systems 771
Reciprocating-piston engines (main

components) 404
Reciprocating-piston engines with external

combustion 424
Reciprocating-piston engines with internal

combustion 369, 394
Recirculating-ball hydraulic steering

system 643
Recirculating-ball steering 639
Recirculation cooling systems 410
Recrystallization annealing 273
Rectification value (oscillations) 30
Rectifier diodes 78
Recycling (motor vehicle) 732
Reduction gear (starters) 571

Reduction-type catalytic converters 522
Refinery components (fuel) 239
Reflected-light measurement (exhaust

soot) 566
Reflection (light) 138
Reflection mufflers 450
Reflector optics 757
Reflectors 138,741
Refraction of light 138
Regeneration (soot filters) 451
Regenerator (Stirling engineo) 424
Regional identification codes (BK), car

radio 786
Regular-grade fuels 238
Relaxation 47
Relays (symbols) 835
Release time (braking systems) 648
Reliability 161,165
Remagnetization losses 70
Remanence 68
Replaceable Bulb Headlamps (RBH) 749
Research Octane Number (RON) 239
Residual arcing 488
Residual gas (proportion) 385, 453
Residual ripple (automotive electrical

system) 890
Resistance measurement 63
Resistance to vehicle motion 337, 588
Resistance welding 319
Resistance, climbing 341
Resistance, cornering 339
Resistance, electrical 62, 66, 215
Resistance, rolling 338
Resistance, wind (aerodynamic drag) 37,

339,721
Resistive (Lambda) oxygen sensors 524
Resonance (definition) 30
Response time, brake 347, 647
Retard mechanism (ignition) 489
Retardation (braking) 337, 344, 648
Retardation control (EBS) 700
Retarders 595, 684
Return pumps (ABS) 671
Return-low restriction (delivery valves) 537
Returnless fuel systems 472
Reverse state (pn-junction) 77
Reynolds number (drag coeficient) 37
Rheopexy (lubricants) 232
Ride comfort 612
Rigid axles 622
Rigidity (body structures) 722
Rims (vehicle wheels) 624,630
Riveting 325
Riveting techniques 323
Rivets 325
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Road trains (definition) 716
Road-map memory (vehicle navigation

systems) 797
Road-surfaceadhesion 343, 663
Road-surface state (coefficientof friction)

343
Rocker-arm assemblies (valve timing) 408
Rocker-arm valve gear 408
Roll angle 354, 355
Roll axis 353
Roll bellows (suspension) 618
Roll center 622
Roll steer 356
Rollback limiters 701
Roller friction 329
Roller-cell pumps 455
Rolling bearings 289
Rolling friction 329
Rolling resistance 338
Rollover bars 809
Rollover protection systems 809
Rollover sensing 809
Rollovertests 728
ROM, see Read Only Memory 84
RON, see Research Octane Number 239
Roof frame (body structure) 722
Rotaryactuators 127
Rotary engines 426
Rotary oscillations (vehicle dynamics) 361
Rotating distribution (ignition energy) 482
Rotating flow (combustion air) 378
Rotating mass (crankshaft) 397
Rotating voltage distribution 482,495
Rotating-solenoid actuator 544
Rotational speed, units 15
Rotocap (valve rotation) 409
Roughness average (tolerances) 281
Roughness profile (tolerances) 281
Route computation (vehicle navigation

systems) 797
RPM sensors 103
Rubber elements 771
Rubber suspension 619
Rubberizing 267
Rudge hub 625
Rust formation 259

S
SAE viscosity grades 235
Safety circuits (transmissions) 601
Safety glass 774
Safetymargins 348
Safety systems, automotive 803
Safety, commercial-vehicle bodies 737
Safety, passenger-car bodies 726

Salient-polealternators 878
Saloon/sedan (definition) 716
Sample bags(emissionstesting) 527
Sampling (statistics) 156
Saturation polarization 68
S-cam (drum brakes) 646
Scavenging efficiency (gas exchange) 385
Scavenging process (two-stroke process)

388
Schematic diagrams (automotive electrical

system) 839
Schottky barrier diodes (Schot ky diodes)

78
Scooters (definition) 716
Screw threads 317
Sealed-beam headlamps 749
Seamwelding 320
Seat adjustment, electrical 814
Seat belts 729
Seat belts, three-point 729, 8C3
Seat reference point (seat pos tion) 718
Seat-belt buckle tensioner 804
Seat-beltslack 729
Seat-belt tightener systems 729, 803
Seats 725
Second, unit (definition) 12
Secondary braking systems 644
Secondary retarders (permanent brake)

684
Secondary-air injection 521
Section designations (circuit
Section modulus 42,49
Seebeck effect (thermoelectrics) 74
Seizing (component wear) 331
Selective catalytic converters 522
Select-low control (ABS for commercial

vehices) 693
Self-charging (superchargers) 440
Self-discharging (batteries) 870
Self-excited synchronous alternators 875
Self-induction 72
Self-locking screws 313
Self-steering characteristics (notor

vehicles) 355, 359
Semiconductor memories 84,498
Semiconductor pressure sensors 110
Semiconductors 76
Semi-hollow rivets 325
Semi-noble metals (corrosior) 258
Semi-rigid axles 622
Semi-surface electrode gap (spark plugs)

485
Semitrailers, single-axle ABS 692
Semi-trailing arm 623
Sensor integration levels 95
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Sensors (fundamentals) 94
Sensors, acceleration 107,808
Sensors, combustion-chamber pressure

111
Sensors, differential 97
Sensors, dirt 121
Sensors, distance (ACC) 714
Sensors, fiber-optic 95
Sensors, force 112
Sensors, gradient 104
Sensors, half-differential 97
Sensors, Hall-effect 103, 107
Sensors, ignition-triggering 104
Sensors, image 122
Sensors, inductive 103
Sensors, integrated 95
Sensors, knock 108, 497
Sensors, magnetoresistive 100
Sensors, oxygen concentration (Lambda)

117
Sensors, pezoelectric 105, 111
Sensors, position 96
Sensors, rain 122
Sensors, short-circuiting ring 97
Sensors, speed 103, 670, 695,712
Sensors, tangential 104
Sensors, temperature 119
Sensors, thermopile 120
Sensors, thick-film pressure 110
Sensors, torque 112
Sensors, vehicle speed 103
Sensors, vibration 107
Sensors, wheel 796
Separately-excited direct-current drive 578
Series connection 63, 66,132
Series-wound machines (characteristics)

132
Service life (rolling bearings) 289
Service life, MTTF 166
Service-brake system 644,699
Service-brake valve 689
Servo cylinders (air brakes) 689
Servo unit for central locking 815
Servomotors, ABSITCS 611
SFTP cycles 530
Shearmodulus(modulusof rigidity) 44
Shearing stress 44
SHED tests (evaporative-emissions

testing) 528
Sheet steel (vehicle body) 197
Sheet steel for bodywork 197
Sheet-metal processing 326
Sheet-steel panels 193
Shift programs (automotive transmissions)

600

Shift-pointcontrols 600
Shock-absorbing systems 724
Short-circuiting ring sensors 96
Short-stroke linear motors 127
Short-term performance rating (electric

drives) 578
Shunt characteristic 133
Shunt-wound machines 132
SI units 12
Side airbags 807
Side force (tires) 634
Side impact 728
Side members (chassis) 722
Side-channel pumps 456
Sidedraft carburetors 460
Side-impact protection systems 807
Side-marker lamps 761
Siemens (unit) 17
Signal conditioning (ECU) 174
Signal processing (ECU) 174
Signaling devices, acoustic 766
Signs and symbols, mathematical 144
Silicone brake fluids 249
Simulation of environmental factors 364
Sinefunction 146
Single-arm wipers 770
Single-circuit braking systerrs 645
Single-circuit steering systeris 643
Single-component adhesives 322
Single-leaf springs 290
Single-line braking systems 646
Single-mode fibers (optical fiaers) 141
Single-piston power units 394
Single-plunger fuel-injection pumps 535
Single-pointfuel-injectionsytems 463,

465
Single-point injection (SPI) 465
Single-pump systems, time-controlled 548
Single-rotorengines 427
Single-spark ignition coils 461, 495
Single-tube shock absorbers 616
Single-winding rotary actuators 127
Sinter(PM) metals for plain bearings 200
Sintered ceramic resistors(N'TC) 119
Sintered materials 285
Sinteredmetals 182
Sintered metals for soft-magnetic

components 185,207
Sintered metals for moulded components

and plain bearings 200
Sintered-metal plain bearings 286, 288
Sinusoidal input (steering angle) 357
Skidpad, steady-state (vehicie testing) 355
Skyhook damping 617
SI units, basic (definitions) 12
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Sliding friction 329
Sliding-gear starters 573
Slip 636
Slip angle 351,355, 360, 634
Small machines (hydraulic) 819
Smart-power ICs 87
SMD, see Surface Mounted Devices 88
Smoke testers 566
Smoke-emission measurement (diesel

engines) 566
Smooth running (reciprocating-piston

engines) 396, 545
SMT see Surface Mounted Technology 88
Soft annealing 273
Soft soldering 321
Soft solders 212
Soft-magnetic materials 184, 203
Soil resistance (agriculture) 363
Solar cells 81
Solar modules 82
Solders (soldering) 212, 321
Solenoid fuel injectors 476
Solenoid valves (ABS) 672
Solenoid-controlled axial-piston distributcr

pumps 546
Solenoid-controlled distributor injection

pumps 545
Solenoid-controlled radial-pision distributor

pumps 546
Solenoid-plunger sensors 127
Solid angles (light) 140
Solid lubricants 230
Solid-body laser 328
Solids 186
Solids in exhaust gas 518
Solution chemical 180
Sommerfeld number (bearings) 282
Sone (loudness) 54
Soot (exhaust gas) 518, 566
Soot emissions 382
Soot filters 451
Sound (general definitions) 50
Sound insulation 51
Spark current 481
Spark plugs 482
Sparking rate (four-stroke engine) 487
Spark-plug designation codes 486
Spark-plug electrode gap 484
Spark-plug temperature response 484
SPC, see Statistical Process Control 154,

160
Speakers (passenger car) 788
Specifications (passenger car) 898
Speed droop (diesel fuel injection) 539, 544
Speedometer, see Instrumentation 780

Speeds (conversion) 21
Speeds, critical 353
Spherical triangle 147
SPI. see Single-Point Injection .65
Spiral torsion springs 291
Splash water 364
Splitter box (drivetrain) 605
Splitter groups (transmission) E95
Spot lamps 763
Spot welding, resistance 319
Spray-injection process (diesel engines)

379
Spring dimensioning calculations 290
Spring plate (clutch) 590
Spring steel 196. 294
Springs 290, 618
Spring-type brake actuator 691
Spring-type brake cylinder 691
Spur gears 297
Spur-geartransmissions 590
Squirrel-cage rotor (asynchronous motors)

135
Squish flow (gasoline engines) 375
SRET principle (corrosion testing) 261
Stability in curves 614
Stabilizer fins 352
Stabilizers (automotive suspen 3ion) 619
Standard axis separation (gears) 300
Standard bore 279
Standard deviation (statistics) 157
Standard shaft 279
Standard threads, metric 317
Standardization (CAN) 886
Standing waves 30
Star connection (three-phase AC) 67
Stardiagram(crankshaft) 400
Start valves (K-/L-Jetronic) 468, 473
Start-assistsystems(dieselengines) 568
Starter batteries 865, 866, 899
Starter gearing 300
Starter motors, see Starters 571
Starter pinions 571
Starter protection 574
Starter relays 574
Starters 571
Starting devices (diesel engines) 540
Starting enrichment(KE-Jetronic) 470
Starting systems 571
Startingtemperature 862
Start-locking relays 574
Start-repeating relays 574
State of aggregation (materials) 180
Station wagon (definition) 716
Statistical evaluation 162
Statistical Process Control (SPC) 154,160
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Statistics 156
Stators (electric machines) 132
Steel (vehicle body panels) 197, 723
Steel 193
Steel springs 618
Steel,cast 193
Steering (safety regulations) 729
Steering and steering behavior 638
Steering angle (abrupt change) 357
Steering angle 355,705
Steering boxes 639
Steering cylinders 641
Steering kinematics 639
Steering operating force 638
Steering-angle curve (with GMA yaw-

momentbuildupdelay) 663
Steering-angle sensors 101
Steering-axis inclination (steering

kinematics) 639
Steering-column adjustment 814
Steering-wheel angle 355
Step input (steering angle change) 357
Step-index optical fiber 141
Stepped reflectors (lighting systems) 741
Stick-slip (lubricants) 230
Stirling engines 424
Stop lamps 761
Stopping distance, stopping time 346
Storage of hydrogen in the vehicle 517
Straight-cut teeth 298
Strain 42, 45,180
Strainers (oil filters) 411
Strain-gauge resistors 110
Streamlined vehicle-body shape

(aerodynamicdrag) 340
Streamlined vehicle-body shape

(crosswindeffects) 350
Strength calculations (vehicle bodies) 731
Strength formula 42
Stress concentration factors (notch

configurations) 47
Stress corrosion cracking 259
Stress, mechanical 42,45
Stress-relief annealing 273
Stribeck curve (lubricants) 232
Stub teeth (gears) 301
Stud welding 321
Suction resonators 451
Sulfur in fuels 240, 243
Sunroof drive units. electrical 813
Superchargers 440
Superchargers, centrifugal 440
Superchargers, Roots 441
Superchargers, rotary-piston 442
Superchargers, sliding-vane 441

Superchargers, spiral-type 441
Supercharging process (IC engines) 390
Supertone horns 766
Supplementary functions (ME-Motronic)

500
Suppressionlevel 892
Surface areas of solids 149
Surface characteristics (tolerances) 280
Surface fatigue 331
Surface hardening (laser technology) 328
Surface hardening 269
Surface hardness 269
Surface micromechanics (OMM) 90
Surface roughness 280
Surface-Mounted Devices (SMD) 88
Surface-Mounted Technology(SMT) 88
Surge control 542, 545
Susceptibility, magnetic 184
Suspension 180,612
Suspension design elements 613
Suspension systems 613
Swelling-mat mounting (catalytic

convertors) 449
Swing axle (suspension linkage) 623
Swirl-chamber systems (ICengines) 381
Switches (symbols) 834
Switching diodes 78
Symmetry tolerance 279
Synchronization 594
Synchronous alternators, self-exc ted 875
Synchronous drive units 134, 580
System circuits(assembled-representation

diagrams) 856
Systems of units, physical/technical 13

T
Tachograph 794
Tail lamps 761
Tandemwipersystems 770
Tangential force (crankshaft assenbly) 396
Tangential sensors 104
Tapered bead seat rim, 5' (vehicle wheels)

624
Tapered bead seat rim, 15 (vehicle

wheels) 624,626
TAS, see Temperature-dependent starting

device 540
Taylor gauge test 279
TC, see exhaust-gas turbochargers 392,

442
TCS, see Traction Control System 606, 710
TD system (vehicle wheels) 625
TDC, see Top Dead Center 385
Technical optics 137
Telematicservices 798
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Telescopic shock absorbers 616
TEMcell(EMC) 896
Temperature coefficient 181
Temperature measurement, technical 58
Temperature response (spark plugs) 484
Temperature sensors 119
Temperature-dependent starting device

(TAS) 540
Tensile strength 45
Tension (mechanical) 42
Terminal designations (circuit diagrams)

852
Terminal diagrams (motor vehicle) 851
Tesla (unit) 18
Test adapters, universal 510
Test benches (injection pumps) 552
Test cycles (emissions testing) 528, 563
Test cycles (fleet fuel consumption) 530
Test equipment (quality assurance) 154
Test procedures, tribological332
Test program (Emissions testing) 526
Test pulses (EMC) 891
Test sampling (exhaust gas) 526
Test setups, exhaust 527
Test symbols (vehicle lighting equipment)

738
Testing (exhaust emissions) 526
Testing electronic engine systems 510
Testing equipment (diesel exhaust gas) 561
Testing evaporative emissions 526
Testing of initial samples 152
Tex (unit) 23
Theft-deterrent systems (car alarms) 766
Thermal capacity and conductivity 181
Thermal conduction 56
Thermal radiation 56
Thermal radiators 139
Thermal release (diesel engines) 382
Thermal resistance (wall layers) 57
Thermal shields (diesel injectors) 555
Thermal shock (spark plugs) 483
Thermal spraying 265
Thermochemical treatment (metals) 271
Thermocouples 74
Thermodynamic cycle (IC engines) 367
Thermodynamics 59
Thermoelectric effects 74
Thermoelectric series 74
Thermoelectricity 73
Thermoelectromotiveforce 74
Thermomagneticeffects 75
Thermomanagement 435
Thermometer, see Temperature

measurement 58
Thermopile sensors 120

958

Thermoplastics 183,220
Thermo-switches 686
Thermo-time switch (cold start) 468, 473
Thick-film circuits 87
Thick-film pressure sensor 110
Thick-film resistors 120
Thief-proofing (central locking) 815
Thin-film circuits 87
Thin-film metallic resistors (PTC) 119
Third-octave band spectrum 51
Thixotropy (lubricants) 232
Thomson effect (thermoelectric power) 75
Thread friction 313
Threaded fasteners 310
Three-finger rule (direction of magnetic

field) 72
Three-phase AC 67
Three-phase AC machines 133
Throttle Body Injection (T:l) 465
Throttle valves 454,460, 500
Throttle-valve potentiometers 462
Throughlighting, instruments 783
Thrown body and falling body (equations)

36
Thrust bearing (clutch) 590
Thrust bearings 282
Thyristor ignition 492
Thyristors 81
Tie rod (vehicle steering) 638
Tightening of threaded fasteners 312
Tightening torques (screws and bolts) 316
Tilting controls (sunroof) 313
Time of day, time zones (conversion) 28
Time units (conversion) 28
Time zones 28
Time, stopping 346
Time-controlled single-cylinder pump

systems 548
Timing devices, injection idiesel engines)

541,544
Timing dynamics (valve gear) 409
Tipping resistance (commercial-vehicle

dynamics) 360
Tiptronic'gear-shift strategies 600
Tire categories 628
Tire condition (coefficient of friction) 343
Tire designation symbols 630
Tiredesigns 628
Tire inflation pressures 636
Tirespeed 631
Tiretraction 634
Tiretreads 633
Tire-pressure monitoring system 111
Tires 628, 899
Tires, CT 629
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Tires, summer tires (standard tires) 628
Titanium alloys 199
TMC. see Traffic Message Channel 788
Toe-in (suspension systems) 620, 639
Tolerance of concentricity 279
Toleranceofform 279
Tolerance of planar regularity 279
Tolerances 279
Tool steel 194
Tooth shape 297
Tooth thickness 298
Toothed drive belts 309
Topcoats 264
Top dead center (TDC) 385
Toroid bellows (suspension) 618
Torque 16,40,44
Torque calculations 419
Torque control (diese-engine

management) 538
Torque control (MED-Motronic) 507
Torque control (ME-Motronic) 500, 503
Torqueconverter, hydrodynamic 591
Torque graphs, e lectric drives 579
Torque graphs, IC engines 413, 452
Torque motors 127
Torquesensors 112,114
Torr (conversion) 16
Torsion 44
Torsion beam trailing-arm axle 622
Torsion springs 291
Torsion-barsprings 292, 618
Torsion-beamaxle 622
Total-loss lubrication 410
Tow-away protection (theft-deterrent

systems) 768
Towing vehicle (definition) 716
TR rim (vehicle wheels) 625
Traction batteries (hybrid drives) 583
Traction control system (TCS) 606, 710
Traction, enhanced (TCS) 606
Tractive-force regulation (agricultural

tractors) 825
Tractor hydraulics 823
Tractor vehicles (articulated truck) body

733
Tractors (definition) 716
Tractrix principle 361
Tracts, intake and exhaust 407
Traffic Message Channel (TMC) 788
Traffic safety 726
Traffic telematics 798
Trailervehicles (definitions) 716
Trailer-control valve 691
Trailers (brakes) 649, 674
Trailing arm (suspension) 623

Trailing-arm torsion-be am axle (automotive
suspension) 622

Transformers 72
Transient response (motor vehicles) 356
Transistorized ignition (TI) 490
Transistors78
Translational actuators 127
Transmission (gearbox) 592
Transmission device (air brakes) 645, 689
Transmission lubricants 236
Transmission of force (clutch) 590
Transmission ratio (vehicle specs.) 899
Transmissions, automatic 342, 597
Transmissions, effect cn fuel consumption

337
Transmissions, hydraulic automotive 831
Transmissions, semi-automatic 597
Transponder systems vehicle immobilizer)

769
Transputer 86
Transversal electromagnetic field, see TEM

cell(EMC) 896
Transverse contact ratio (gears) 298
Transverse forces 42
Transverse suspension link or wishbone

623
Tread depth and stopp ng distances 633
Triac 81
Tribochemical reactions 331
Tribological damage 330
Tribologicaldamageanalysis 331
Tribology 329
Trigonometric functions 146
Trilex wheel system 626
Trilok torque converter, see Fttinger

torque converter 592
Trip recorders and tactographs 794
Trolley bus (definition) 716
Truck assemblies 735
Truck bodies 733
Trucks 716,733
Trunk radio networks 601
TRX-Denloc system 625, 629
Tubeless tires 629
Tubular heating element (glow plugs) 568
Tuned-intake-tubecha'ging 390
Tungsten inert-gas welding 321
Tuning devices (exhaust systems) 451
Turbines (gas turbines) 366,442
Turbochargers 442
Turbochargers andsuperchargers(IC

engines) 440
Turbolators (engine cooling) 430
Turn-signal flashing 7EO
Turn-signal indicators (automotive) 760

j
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