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Preface

This book is used for lecturing the basics of automotive engineering at RWTH
Aachen University. The automotive lectures in total are organized according to the
different degree of freedom of the vehicle movement. Thus this book is one out of the
row and it is covering the longitudinal dynamics of vehicles.

General remarks in the introduction are covering the motor vehicle as a traffic
system and the economic aspects of the motorised traffic. In the technical part of this
book we are starting with the driving resistances of the car, like rolling resistance,
aerodynamic resistance and the acceleration resistance. Thus, the energy demand of
the car is defined. With respect to the delivered power we are following the force flow in
the car. Different energy sources and different engines ( motors) are considered.
Speed- and torque-converters are transferring the energy flow via the differentials to the
wheels. The co-operation between the demanded power by the vehicle and the
delivered power by the engines is discussed. Rules for gearbox design are found.

The brakes are covered in the following chapter. Starting from fundamental
requirements, different systems and special design features are described. Disc-and
drum brakes for passenger cars and for commercial vehicles are discussed. Even the
last development step, covering electric brakes, is mentioned.

The last chapter deals with vehicle dynamics for longitudinal driving ( lateral and
vertical dynamics is dealt with in another book). Driving performance with respect to
the available power and the fuel consumption is evaluated. Then different drive-train
layouts and afterwards the performances of these drive-trains with respect to road
friction are discussed. The theoretical, but very practical related discussion is closed
with brake force distribution.

As a summary this book contains a lot of basic automotive knowledge. But this
knowledge is really usable for engineers in practice. With this knowledge in mind a lot

of other problems can be solved.
‘Z /x/ﬂla vz o,

Univ. -Prof. Dr. -Ing. Henning Wallentowitz
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1 Introduction

The volume on hand deals with longitudinal dynamics of motor vehicles. This
generic term summarizes the processes and systems that influence the motor vehicle’ s
movement in the longitudinal direction [ 1-1 ]. Before dealing with the particular
processes and systems, the importance of motor vehicles in our society as well as
some of the resulting problems need to be pointed out.

1.1 Traffic system motor vehicle

Generally speaking, the conditions and development objectives for road traffic can
be outlined by considering it as a “black-box” according to Fig.1-1 and by comparing
the expenses with the results.

expense result
s =
production, maintenance subsystem transportation performance 2
o check of motor vehicles road in freight-and passenger traffic o
] traffic &
Q -
3 : - motor vehicle side functions: ®
m{ pro?ufqrtlon, ma{ntetpance e leisure / work 2
€ raffic organisation —_ 3 ; -
:1_'3 (e.g. traffic lights) % (Off- Road / Executive car) 2]
g pradycios. elnienance — - % accident consequences
(roads, highway) e
\ * T |(dead persons, injured persons)| -
> H
(]
& expense in resources exhaust and , ©
E such as gasoline, raw materials nolse emission ]
€ &
g road safety education scrap, wrecks
training, control (recycling)

© ika V1/1-1.ds4

Fig.1-1 Expenses and results of the system “road traffic”

Considering this simplified approach, the result strived for is the achieved
transportation performance, on the one hand with minor negative side effects and on
the other hand with minor expenses-e. g. limited resources such as crude oil. The
expenses, for e. g. the production of motor vehicles, have so far been described as
ambivalent since they are linked with value addition and the work place. This,
however, implies that costs emerging due of this have to be minimized.

An economical cost-benefit analysis of these complex interrelations does not exist
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so far as all expenses and result factors can’t be monetarily quantified. In future, the
reduction of road traffic’s negative effects would however gain considerable
importance. This importance would be due to people’s growing consciousness in
ecology and the modern technological possibilities.

1.1.1 Means of transportation

Generally speaking, the motor vehicle can be defined as a non-rail-bound land
vehicle which serves to cover distance. Considering the means of transportation, we
distinguish between passenger-and freight traffic.
1.1.1.1 Passenger traffic

The development of passenger traffic in the Federal Republic of Germany is
marked by an increasing degree of motorisation. This motorisation can be described
either by the absolute number of motor vehicles or by vehicle density. The total amount
of motor vehicles registered in the Federal Republic by the end of 1996 was about 48. 1
millions; this included approx. 41 million automobiles.

Fig. 1-2 shows the growth of vehicle density in the Federal Republic of Germany. A
typical growth function can be noticed in the past, which after a stage of disproportional
increase ( minor supply, high demand) changed to a stage of constant growth rate.
The further course of this function was dependent on the so-called saturation point.
Presently, the upper limit is considered to be between 650 and 700 automobiles per
1000 inhabitants. In this chapter, it has to be taken into account that all figures up to
1990 refer to the former Federal Republic of Germany and from 1991 onwards for
reunited Germany.

600

500

400

300

200

b —J
0 : .
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

[Verkehr in Zahlen 2002/2003] (C) ika V1/1-2.ds4

passenger-car density
[passenger-car/1000 inhabitants]

year
Fig.1-2 Development of motorisation in the Federal
Republic of Germany (Source: Verkehr in Zahlen 2002/2003 )
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The increase of automobile density ( meaning the degree of motorisation) runs
parallel to the decrease of automobile’ s mileage. It decreased from an average of
14600km/a (9072miles/a) in 1975 to 12700km/a (7892miles/a) in 1994.

Evaluating the different passenger traffic systems, we distinguish between
individual transportation that essentially consists of cars and motorcycles and public
transportation with busses and trains and to an increasing extent also with aircrafts.
The productivity or accomplished work of each single transportation system is described
by the product of transported persons and distance, summed up as passenger
kilometres, referring to the year considered.

Fig. 1-3 shows that the automobile ( motorised individual traffic) plays a dominant
role in the development of transportation performance of passenger traffic. Till the year
1988, the automobile’ s share in the total transportation performance of passenger
traffic increased to 83.5% and then dropped slightly to 81.4% in 1995. The annual
railroad transportation performance has remained rather constant over many years; its
share has been continuously decreasing at the same time (1988:5.7% ). Inthe 90’ s,
railroad again gained importance; its share once again amounted to 7% in 1995. This
trend could be the same in the future if railroad’ s attractiveness increased. All current
predictions expect a further rising need for mobility, which concerning economic and
ecological basic demands should be covered by both the transportation systems, roads
and railways.

1000
ot 100%
total passenger traffic|__ /
800 o —|79.8%
700 A~
600 /
500 e — 1

400
—— A/—
300 —<

200
100
0

motorized indivifual traffi¢

railway bus

. 8.1%
S T ™ T W e

T7.9%
1965 1970 1975 1980 1985 1990 1995 2000
year

annual transportation performance / (billion persons - km - year-1)

[Verkehr in Zahlen, Verband der Automobilindustrie] © ika V1/1-3.ds4

Fig.1-3 Development of transportation performance in passenger traffic
(Source: Verkehr in Zahlen 1996, VDA)

In order to evaluate the importance of the automobile correctly, it has to be pointed
out that its value goes far beyond of being just a pure traffic system. For the majority of

3
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automobile customers, social aspects such as image and prestige as well as social
acceptance play an important role. The vehicle’ s original purpose, safe transport of
passengers and luggage, can thus take a backseat considering certain vehicles such
as sports cars or convertibles. The sharp increase in models explains the various tasks
a today’ s cars need to fulfii and where its specific advantage can be found as
compared to other transportation systems.
1.1.1.2 Freight traffic

Freight traffic, in particular freight motor traffic, is subdivided by law into short-
distance and long-distance traffic mainly because of fiscal reasons. According to the
German “Giiterkraftverkehrsgesetz” ( § 2 Abs. 2 GUKG), the kind of freight traffic
that covers distances within a radius of 50km (31miles) around the company site is
referred to as short-distance traffic. Road traffic with commercial motor vehicles almost
exclusively covers this so defined field of transportation.

For transportation of freight over long-distances, several different structured
transportation systems are available .

Commercial vehicle, railroad, ship, airplane, and pipeline.

The following characteristic features allow a comparison of the transportation systems:

1) transportation Velocity-which is calculated on average considering the time for
handling.

2) transportation Stream/Flow-as the amount of freight ( mass or volume) that can
be transported per hour and direction. '

3) cross Sectional Area/Profile-as the area enclosed in the transportation system’s
profile.

4) payload Ratio-which describes the ratio of the total weight to the payload.

Fig.1-4 and Fig. 1-5 compare these criteria for some typical transportation systems.

means of sectional speed flow area transportation
i rofile flow
transportation p v/(mile - h-) 1';/(m3-h'1) Ap/m2 v'=p <o
32
5 (7
railway i i _lf —\: (ohne Rangier- 20.00 37 -@-
Ut betrieb)
. (1Pt p=yniy|
highway 828 5! 32 14.50 15 &
I Callle Lol 470 '
n " . i
cana k.q__:,g;&,y__; 7.5 6.25 +
2 '424 ¥
pipeline é\; = 45 2.85 0.4

(© ika V1/1-4.ds4

Fig.1-4 Comparison of freight transportation systems
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Fig.1-5 Proportion of total weight to capacity weight for different transportation systems

This comparison shows that commercial vehicles and railways as compared to inland
vessel and pipeline have higher transportation velocities and can thus manage
correspondingly larger transportation streams. In contrast, the pipeline has the smallest
profile area due to its construction and therefore achieves the largest transportation
stream related to its cross sectional area.

The payload ratio, starting with the pipeline, inland vessel, railroad and finally the
commercial vehicle, just slightly deteriorates (factor 1.7). The airplane, with respect
to the payload ratio, however has a negative effect because in order to transport one
ton of capacity weight, six tons of “dead weight” is required.

All systems are still being developed in order to improve the payload ratio by
minimising the weight. A rise in technical standards, such as noise behaviour or safety
of the motor vehicle make it even more difficult to carry out this task.

A transportation system’ s share in the total traffic performance depends on its
suitability for certain major freight groups as well as on the total traffic volume of the
different major freight groups. For example, the coal transport’ s share in the total
amount of freight has strongly diminished and to some extent the railroad’ s transport
performance has also become stagnant.

Fig. 1-6 shows the share of single transportation systems in the total freight traffic
performance. Considering freight traffic, the continuously rising trend of the motor
vehicle becomes obvious. Long-distance freight transport using commercial vehicles
rose from 146billions t - km/a in 1993 to about 200billions t - km/a in 1995 and during
the same period, the railroad transportation increased from 65 to about 70billion
t - km/a. Presently, the percentage of both transportation systems in the total amount
of traffic ( short-and long-distance freight traffic) amounts to approx. 64% for
commercial vehicles and 17% for railroads.
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Fig.1-6 Development of transportation performance in freight traffic
(Source: Verkehr in Zahlen 1996, 2002/2003)

The real advantage of long-distance road traffic is that it completely covers large
areas without further expenses, while the railroad can only be efficient if large amount
of traffic can be accumulated on fewer tracks. For this specific reason, attempt is being
made for a strong integration of these systems thereby combining their specific advantages.
The “rolling country road” represents an approach to achieve this aim. In this case, for
certain track sections, entire trucks are loaded onto the railroads, which at the place of
destination take over the further distribution of goods (e.g. transit over the Alps).

1.1.2 Energy demand

Till date, the development of traffic has been characterised by a distinct and
constant rise in traffic performance, most of all in passenger traffic by means of motor
vehicles. A reason for this is that the primary energy source for motor vehicles, crude
oil, has been rather cheaply available and that too in sufficient amounts [ 1-2 ].
However, the steadily increasing road traffic performance goes hand in hand with rising
negative side effects. A change in the essential basic conditions, e. g. concerning the
availability of various resources, overlaps this performance.

The main objective of road traffic and motor vehicle future development would
therefore be focussed on the continuous reduction of energy consumption, partial
substitution of the primary energy source i. e. crude oil and the reduction of harmful
effects on the environment.

Referring Fig. 1-7, we notice that the demand of primary energy in the Federal
Republic of Germany is mainly covered by crude oil. The road traffic’ s share in the
total demand for primary energy in the year 1993 amounted to 15.4% . By means of

6



