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3 International Congress
Automotive, Motor, Mobility, Ambient

AMMA 2013

Annual Congress of Romanian Society of Automotive Engineers — a special event

Romanian Society of Automotive Engineers annual congresses has always succeeded to awake the
desire of us, the academic members from various fields - research, design, production, exploitation, to
mention only a few, to meet again, all of us who dream toward a more human environment, a quitter life,
an honest friendship, beautifulness, serenity ...

This year the Alma Mater Napocensis, Technical University of Cluj-Napoca, gladly organizes The
International Congress of Society of Automotive Engineers of Romania — SIAR “Automotive Motor
Mobility Ambient — AMMA 2013", along with a series of manifestations meant to drive attention of both
Romanian and abroad specialists in the fields of automotive, transportation and environment.

This Congress will be held during 17-19th of October 2013, under the high patronage of FISITA
(International Federation of Automotive Engineering Societies) having the purpose to reunite paper works
comprising scientifically research, inventions and new ideas in the fields of automotive, environment and
transportation, under a good quality scientific programme.

The mentioned event offers the opportunity for all the specialists involved in durable development to
positively exchange opinions and contribute to a better education.

Being the 3rd congress held at Cluj-Napoca it is a matter of tradition already, all other events related to
AMMA 2013 International Congress helping Cluj-Napoca to becoming, even for a few days, an
international center of automotive, thus offering up-to-date informations and contact possibilities on
challenging issues regarding automotive and environment.

Let AMMA 2013 be an ennobling event, for our souls!

Department of Automotive Engineering and Transports,
Technical University of Cluj-Napoca

Topics of the Congress

» Powertrain and Propulsion

* Vehicle Design

» Advanced Engineering and Simulation
* Road Safety and Traffic Control

e Materials and Technologies

» Green Vehicles and Pollution
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STUDIES OF CAN COMMUNICATION NETWORK ERRORS DESIGNED FOR
FREIGHT TRANSPORT VEHICLES

STUDIUL RETELELOR DE COMUNICARE DIN CADRUL
AUTOVEHICULELOR DESTINATE TRANSPORTULUI DE M ARFURI s| PERSOANE

Nicolae Vlad BURNETE*

Universitatea Tehnicéa din Cluj-Napoca, Roménia

Abstract: Nowadays, in order to ensure an efficient functioning
as well as the maximum degree of safety and comfort, it is
necessary to connect systems that surround us, thus the
necessity of communication networks. Although these networks
differ depending on the applications for which they were
created, the main problems to overcome remain roughly the
same: the concepts of network access, network reliability,
security of transmitted data, network topology, length and bit
rate, physical environment, etc. This paper contains an analysis
regarding the types of errors that occur and their occurrence
frequency. As a result, an evaluation of vehicle communication
networks in terms of safety and reliability in operation is
possible. The study focused on heavy duty vehicles and
considered a predetermined number of workshop entries. The
causes of errors and the resolutions for several of these errors
were analyzed.

Keywords: network, data, CAN, bit, error, interference.

1. Introduction

When a new vehicle is developed, a lot of
effort must be put into testing, in order to eliminate
design flaws. Regardless of this, some defects are
found only after the market launch. In addition to
known phenomenons that affect a certain system
there can always intervene the unexpected. This
paper deals with the human interference for a
specific type of vehicles and failures. In these
sense the effects of the “unforeseen” human factor
on the CAN bus network are pointed out.
Controller Area Network (or CAN), is a serial bus
protocol that supports distributed real-time
operation with a high level of security. Electronic
control units (ECU’s) are connected within the
vehicle without the need for a host computer
because the protocol is based on the “broadcast

Rezumat: In contextul actual, pentru a asigura o functfionare cat
mai eficientd, cat mai pufin poluantd si gradul maxim de
siguranfa si confort, este necesar ca sistemele care ne
inconjoard s& interrelafioneze. Solufia o reprezintg refelele de
comunicare. Cu toate ca aceste refele diferg intre ele in functie
de aplicafiile pentru care au fost create, principalele probleme,
care trebuie depdsite rdman, Tn mare parte, aceleasi:
conceptele de acces pe refea, elasticitatea refelei, securitatea
datelor transmise, topologie, lungime si rata de bifi, mediul fizic
etc. Lucrarea de fafd confine o analiza a tipurilor de erori care
apar si frecventa lor de aparifie in vederea evaludrii, din punct

comunicare din autovehicule. Studiile au vizat autovehiculele de
mare tonaj si s-au efectuat pentru un numar prestabilit de intrdri
n service. S-au analizat cauzele aparifiei erorilor si solutiile de
rezolvare pentru cateva dintre acestea.

Cuvinte cheie: refea, date CAN, bit, eroare, interferenta.

diffusion” mechanism (Figure 1). This means that a
message is transmitted to “everyone”. Message
filtering is carried out at every station based on the
message identifier (ID). When multiple stations try
to send simultaneously the message with the
highest priority is transmitted. The structure of a
CAN message is represented in figure 2. To check
whether the correct message was sent and
received a cyclic redundancy code (or CRC) is
used. CRC is generated by the sender in relation
to the content of the message. If the message was
received correctly, the receiver sends a positive
acknowledgement. Otherwise a negative
acknowledgement is sent and the message must
be retransmitted (the message must win a new
arbitration process). The control field indicates the
number of bytes contained in the data field. The
start of frame and end of frame define message

*Corresponding author / Autor de corespondenta:
Phone: +40 264 401675
e-mail: nicuvd@yahoo.com



Environmental Engineering and Sustainable Development Entrepreneurship — Vol. 3, No. 1 (2014)

Reset and Data frame

configuration
1| 12 I (] | 0-64 | 16 Izl 7 3|

L T»lmelflal:ne
End of frame

Acknowledgement field

CRC field

REC > 127 REC < 128 Data field
Control field
TEC > 127 TEC < 128 “Normal “.].Udc Arbitration field
request — Start of frame
and
128 occurences of Figure 3. CAN message format
11 succesive/reccesive Modified after [2], pg. 40
bits
TEC > 255 CAN - High
oor I =ttt
REC > 255
CAN - Low
. . ECU with ‘ ‘ ECU with
REC = Receive error counter e st ECU ECU BCUM WECUN . secisior
TEC = Transmit error counter I 2| —mmmeees n-l n
Figure 3. Error processing mechanism .
Modified after [2], pg. 57 Figure 3. CAN network
boundaries. The interframe field is the minimum 0 — 127: Active (Error active state) — The node
idle period between two messages. When it comes can send and receive messages normally.
to the CAN protocol it is important to mention one Moreover it can send active error flags (they
of its most important features: the error processing interrupt the current transmission). It is
mechanism. The purpose of this mechanism is to recommended to take control measures when
detect and localize errors and faults for a precise one value reaches 96 points;
intervention. Microcontrollers closest to the fault » 128 — 255: Passive (Error passive state) —
source must react immediately and with the The node can send and receive messages
highest priority. Every microcontroller must normally but it can only send passive error
incorporate the following two counters: flags (don’t affect the current transmission)
e Transmit error counter — TEC; and only during the error frame;
» Receive error counter — REC. » 255: Disconnected (“Bus off” state) — In this
For every transmission/reception error situation, the node is no longer permitted to
detected the value stored in the counter is perform any intervention on the bus. It can
incremented by 8. On the other hand, for every reconnect after it had seen on the bus 128
correct message the value is decremented by 1. consecutive error-free occurrences of 11
Therefor it is possible for a control unit to recessive bits.
accumulate points despite of it having The performances of the error processing

transmitted/received  more  correct than ~mechanism are very important taking in
erroneous messages. In this case, the consideration the fact that it influenced the
mechanism provides information about the choosing of the CRC type and its number of bits.
frequency of errors. Depending on the stored There are two classes of errors:

values in the counter, one network node can be

(Figure 3):

Figure 4 Recovery CAN-High signal of a control unit when reconneted to the bus
(Screenshot of StarDiagnosis Compact 4 and HMS 990)

10
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e Errors that do not alter the frame length — in
this case the only fields that can be affected
by bit errors are the Identifier field and the
Data field;

e Errors that alter the anticipated frame length
— if bit errors affect the following fields: Start
of frame, Data length code, Remote
transmission request or Identifier extension,
the receiver interprets the message
differently than it should have.

In addition to previously mentioned
residual errors the message content or the bit
stuffing rule can be affected by parasites.

2. CAN in real operating conditions

The following results were obtained after
studying more than 1000 workshop entries
containing CAN errors of a specific freight
transport vehicle model. Using specialized
diagnosis equipment and software a test log was
printed for every workshop entry. Only logs
containing CAN bus errors were selected. For
every ECU, the type of error and its corresponding
number of occurrences were taken into account.
After seeing the resulting numbers it was
considered necessary to outline a major issue that
concerns this type of vehicles as described below.

In order to achieve the desired levels of

deluding of the tachograph (a device used to
record speed, driving times, as well as traveled
distance for 1 or 2 drivers.) recordings. In order to
avoid penalties due to failure to comply with rest
periods regulations, some users attach magnets to
the transmission housing near the tachograph
sensor. The magnetic field interferes with the
sensor and prevents it from registering the real
movement of the vehicle. This translates into error
codes set in the ECU’s which use the information
provided by the sensor.

Apart from increasing the load on ECU’s
error memory unjustified, the intervention can lead
in some cases to malfunctions of the transmission
(although it doesn't set an error code it has been

proven experimentally). Moreover, transmission
malfunctions can lead to increased fuel
consumption.

This kind of human interference could be
discouraged by implementing a redundant
information system. The following two methods are
considered to be a good choice:

a) Installing a second sensor inaccessible to
the user. The information would be stored by
the tachograph and accessible only to
authorized personnel. The drawback of this
method is the increased cost: sensor, wiring
etc.

b) Using existing sensors such as the wheel

safety and comfort it is necessary to speed sensors. Because the information
reduce/eliminate user interferences that can cause already exists only a small amount of
errors. A good example for this situation is the reprogramming it's needed.
Table 1. Powertrain CAN errors
ECU Error Number of Percentage
occurrences
CAN bus Transmission in single wire mode. 7 38,9
Engine CAN bus between Drive control and Engine control in 5 2738
Drive control _Single wire mode. '
unit Transmission CAN fail to supply data. 5 27,8
High-speed CAN inactive. 1 5,5
TOTAL 18 100%
Transmission CAN bus Transmission in single wire mode. 38 50
issi — -
control unit Communication fault on Vehicle CAN bus. 38 50
TOTAL 76 100%
CAN bus connection to Drive control faulty. 35 46,7
CAN-High connection to Drive control faulty. 2 2,7
Engine control Malfunction of CAN bus connection between Engine control and
: 11 14,6
unit Exhaust aftertreatment control.
Missing key recognition information on Engine CAN bus. 27 36
TOTAL 75 100%
Faulty or missing CAN message from Transmission control. 12 57,1
Faulty or missing CAN message from Traction control. 5 23,8
Retarder "¢ Uity or missing CAN from Drive control 3 14,3
control unit aulty or missing message from Drive control. ,
Faulty CAN bus communication. 1 4.8
TOTAL 21 100%

11



Environmental Engineering and Sustainable Development

Entrepreneurship — Vol. 3, No. 1 (2014)

A third, but rather extreme option, would
be to limit the power output of the engine.

Another  important issue is the
differentiation between faulty messages sent by
the data acquisition unit and CAN bus faults (i.e.
“Malfunction of CAN bus connection between

control”). The majority of causes that led to this
error were faulty data acquisition units. Others
were due to wiring problems, while only a few were
stored as result of faulty control units. It is
necessary to better detection of faulty messages in
order to achieve lower repair times.

Engine Control and Exhaust aftertreatment
Table 2. Brake control unit CAN errors
ECU Error Number of Percentage
occurrences
Data transfer to brake CAN bus is faulty. 10 2,8
Data transfer to vehicle CAN bus is faulty. 2 0,6
Communication between CAN bus controllers faulty. 1 0,3
Data on vehicle CAN bus missing or faulty. 108 30
Brake control ~ CAN message ,movement-signal” from tachograph faulty. 188 52,2
unit Trailer CAN signal faulty. 2 0,6
Trailer CAN-Low signal faulty. 11 3
Trailer CAN-High signal faulty. 12 3,3
Trailer CAN signal has quiescent current. 26 7.2
| TOTAL 360 100% |
3. Conclusions kind of intervention can lead to malfunctions
of powertrain components.
This paper presented the CAN bus c) It is necessary to distinguish between faulty

behavior in real operating conditions by studying
errors stored in t he ECU’s connected to the
network. After reviewing more than 1000 vehicle
test logs, the following were concluded:

a) The CAN protocol is a safe environment for
data transmission due to its good error
processing mechanism.

b) In some cases, the user can cause faults by
disturbing the data acquisition process. This
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Abstract:

The vibration attenuation represents a major objective in automotive industry. Special rubber elastic elements are

identified as attenuation solutions, helping in solving this objective. At the present the wire rope isolators (WRI) represent a good
solution for vibration attenuation. The aim of this paper is to present a comparison from a vibration attenuation point of view between
three types of vibration isolators (WRI, hybrid wire rope and rubber elastic). It is well known that the challenge nowadays in the
automotive industry consists in having the best isolators from vibration attenuation, time to market strategy, and cost-efficiency point
of view. The analysis is done for a specific application for attenuate vibration of the exhaust line and the results presented here
appear to be interesting for the NVH community working on this area

Keywords: Wire rope isolators; Rubber isolators; Hybrid wire rope isolators, Damping, Hysteresis curve.

1. Introduction

In order to satisfy the current customer
requirements, the automotive industry focuses
more on reducing the level of noise and vibrations
produced in modern vehicles. Various isolators are
designed for engines as mount system
components. Isolators are commercially available
in many different resilient materials, in countless
shapes and sizes, and with widely diverse
characteristics (fig.1) [11].

Figurel. Rubber isolators types

An important cause for interior vehicle
noise is the structure-borne sound from the engine.
The vibrations of the source (engine) are

transmitted to the receiver structure (the vehicle)
causing interior noise in the vehicle. For this
reason the engine mounts must have good
filtration properties for passive isolation [6]

The properties of a given isolator are
dependent not only on the material of which it is
fabricated, but also on its configuration and overall
construction with respect to the structural material
used within the body of the isolator [11].

The function of an isolator is to reduce the
maghnitude of motion transmitted from a vibrating
system to the equipment or to reduce the
magnitude of force transmitted from the equipment
to its bracket.

Rubber is a unique material that is both
elastic and viscous. Rubber parts can therefore
function as shock and vibration isolators and/or as
dampers. The isolation behavior of rubber isolators
strongly depends on the excitation frequency and
the pre-deformation of the mount as consequence
of the weight of the source to be isolated [1] [2].

Wire rope isolators (WRI) have different
response characteristics depending on the
diameter of wire rope, number of strands, cable

*Corresponding author / Autor de corespondenta:
e-mail: kopacz80@yahoo.com
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length, cables twist, number of cables per section
and on direction of the applied force [1] [2].

Wire ropes [7] [9] can be grouped into two
broad categories by the type of central core used.
Independent wire rope core (IWRC) ropes are the
stronger of the two and offer the greater resistance
to crushing and high temperatures. Fibre core (FC)
wire ropes while weaker, offer advantages in terms
of flexibility, weight and of course price.

Figure 2. Wire rope sections

The function of the core in a steel wire
rope is to serve as a foundation for the strands,
providing support and keeping them in their proper
position throughout the life of the rope. Fibre cores
are generally used, when impregnated with
grease, for providing internal lubrication as well as
contributing to flexibility.

The construction of wire rope isolators (fig.
3) is ingenious, but still based on relatively simple
design [1] [2] [3]. Stainless steel wires are twisted
into a cable, which is mounted between two bars.

Figure 3. Wire rope isolators

In comparison with rubber elements, the
wire rope isolators are full metal structure,
maintenance-free and are not subject to aging due
to external factors like oil, salt water, chemicals
and temperature variation. Most applications of
wire rope isolators are found in situations where
equipment needs to be mounted against shock or
vibration, but where sound isolation is of minor
importance [1] [2] [8].

The other advantages of a wire rope
isolator lie in the ability to combine a high level of
both shock and vibration isolation, in combination
with relatively small dimensions. Wire rope
isolators are limited by their own construction and
may for this reason be loaded in any direction
without the risk of malfunctioning [2].

The solid structure of wire rope isolators
might be a disadvantage in terms of vibration
attenuation and transmissibility. The wire rope
isolator's and rubbers advantages have brought
into discussion the development and analysis of a
new elastic element called hybrid wire rope. The
hybrid wire rope isolators represent different
combinations between rubber and wire rope
isolators in order to obtain a new product with
better properties.

2. Mathematical model

Damping is the phenomenon by which
mechanical energy is dissipated (usually converted
into internal thermal energy) in dynamic systems.
A knowledge of the level of damping in a dynamic
system is important in utilization, analysis, and
testing of the system. [4] [5]

In characterizing damping in a dynamic
system, it is first important to understand the major
mechanisms associated with mechanical-energy
dissipation in the system. Then, a suitable
damping model should be chosen to represent the
associated energy dissipation. Finally, damping
values (model parameters) are determined, for
example, by testing the system or a representative
physical model, by monitoring system response
under transient conditions during normal operation,
or by employing already available data [5].

There is some form of mechanical-energy
dissipation in any dynamic system. Several types
of damping are inherently present in a mechanical
system. Three primary mechanisms of damping
are important in the study of mechanical systems.

They are:
> Internal damping (of material)
> Structural damping (at joints and
interfaces)
> Fluid damping (through fluid-structure

interactions).

Internal damping of materials originates
from the energy dissipation associated with
microstructure defects, such as grain boundaries
and impurities; thermoelastic effects caused by
local temperature gradients resulting from non-
uniform stresses, as in vibrating beams; eddy-
current effects in ferromagnetic materials;
dislocation motion in metals; and chain motion in
polymers. Several models have been employed to
represent energy dissipation caused by internal
damping [5].

It has been noted that, for hysteretic

damping (h:', the damping force (or damping
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stress) is independent of the frequency (w) in
harmonic motion. It follows that a hysteretic

damper (h) can be represented by an equivalent
damping constant (c) of [5]:

c=— (D)

which is valid for a harmonic motion of frequency
w . This situation is shown in figure 4 [5].

X =X, cosal

v

k

. i
f=hetgx

Figure 4. Systems with hysteric damping

For a damped system, the force versus
displacement cycle produces a hysteresis loop.
Depending on the inertial and elastic
characteristics and other conservative loading
conditions (e.g., gravity) in the system, the shape
of the hysteresis loop will change; but the work
done by conservative forces (e.g., intertial, elastic,
and gravitational) in a complete cycle of motion will
be zero. Consequently, the net work done will be
equal to the energy dissipated due to damping
only. Accordingly, the area of the displacement-
force hysteresis loop will give the damping
capacity AU. The energy dissipation per hysteresis
loop of hysteretic damping AUy, is [5]:

AUy, = mxgh. 2

Note that the stiffness (k) can be
measured as the average slope of the
displacement-force hysteresis loop measured at
low speed. The loss factor for hysteretic damping

() is given by:
,7 =, (3)

n=2¢, (4)

Then, from equation (3), the equivalent
damping ratio (¢) for hysteretic damping is

{=—r. ®)

A WRI type KR 3,5 7-02 (according Sebert
Tehnologie supplier) type of elastic element was
tested by applying a low-speed loading cycle and
measuring the corresponding deflection. The load
vs. deflection curve that was obtained in this
experiment is shown in figure 5.

Figure 5. Hysteresis loop for KR 3,5 7-02 element

The area of the loop presented in figure 5
is:

AUy = 811,59 N-mm .

Alternatively, one can obtain this result by
counting the squares within the hysteresis loop.
The deflection amplitude is

Xo =115mm .

Hence, from equation (2),

h :A_Ug :1'95l .
TK) mm

The stiffness of the damping element is
estimated as the average slope of the hysteresis
loop; thus

k = 6,7l .
mm
The equivalent damping ratio is
h
=—=014.
¢ 2k

After processing the test results for the
elastic element KR 3.5 7-02 resulted following
quantities stiffness k = 6,7 N/mm,, damping ratio
¢ =014
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3. Experimental setup

Experiments were performed in the engine
test bench where the exhaust line was installed on
the three types of isolators: 1 rubber isolator (fig.
6), 2 wire rope isolator (fig. 7) and 3 hybrid wire
rope isolators (fig. 8). The characteristic of hybrid
wire rope isolator analyzed (fig.8) is ends of wire
coated. These elastic elements have a coat of
cable that ends with a thin layer of rubber. Rubber
coated cable ends are fixed between the two
plates of the elastic element. The purpose of this
cable end coating was to isolate the vibration
transmitted through metallic ways

The testing was performed by running the
engine starting from 950 rpm to 4500rpm at full
load, to cover all excitations induced in the
mounting brackets.

Figure 6.
Rubber isolator

Figure 7.
WRI

Figure 8.
Hybrid WRI

Comparative measurements were made
between a type of rubber elastic element, used for
the evaluated exhaust line, isolators KR type for
WRI elements and hybrid WRI, with wire thickness
of 3.5 mm.

As measurement points we chose the
positions where the exhaust line is mounted on the
bracket (fig.9, fig.10):

» ECH: 01 X/Y/Z and ECH: 02 X/Y/Z :
points that evaluate vibration signal on exhaust
line, in fact is the input signal which goes in
these elastic elements;

» RH: 01X/Y/Z and RH: 02 X/Y/Z points
that measure the signal at the exit of the elastic
element. It is the signal which is filtrated by the
elastic element.

The exhaust line is installed on isolators in
2 points (fig.9 and fig.10). It's mentioned the fact
that the mounting points are subjected differently
to the exhaust line weight, so, the RH:01 point is
subjected to a smaller exhaust line weight load and
the RH:02 point is subjected to a bigger weight
load.

Triaxial accelerometers mounted in measuring
points had sensitivity of 1 mV/(m/s®) and mounted
S0 as to respect coordinates:

» X — transversal on
transversal on engine crankshatft,

exhaust line,

» Y — longitudinal on exhaust line,

longitudinal on engine crankshaft,
» Z —vertical direction.

Figure 10. Exhaust line on wire rope elements

Signal acquisition was performed with a
complete LMS testing system for which it was
considered a signal acquisition bandwidth of 2560
Hz at 5 Hz resolution.

The graphics extracted from the signal
analysis are presented in comparison in order to
highlight the vibration behavior of each isolator
type. To properly describe the behavior for each
elastic element type, the maximum acceleration
energy curves were extracted depending on the
frequency (peak hold) and the maximum
acceleration energy depending on the engine
speed (overall level). The analysis is done for each
point and the graphical representation is:

1. Black curve—rubber isolator
2. Red curve— wire rope isolators.

4. Results

A Fast Fourier Transformation (FFT) was
applied to the vibration time signal in order to have
the results in frequency spectra. The frequency
spectrum shows the vibration amplitude as a
function of frequency. When the environment is
not constant in time it may be necessary to
measure the peak hold (called “maximum rms”)
vibration levels.
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To make sure that the same input signal is
used, the signal measured at the points ECH: 01
and ECH: 02 on the vertical direction are
represented in fig.11. It can be noticed that the
system engine-exhaust line, responsible for the
vibration transmitted and induced in elastic
brackets, have the same amplitude level of
acceleration and the same vibration behavior for all
three analyzed cases.

Ampltude

Ao ECHOzZ Caene

AutoRower ECHOZ:Z KR35 702

Rutorower oz worasprepacseana] | | | | Jose
"

100000

Figure 11. Peak-hold for input points

The results of the measurements held on
the 3 isolators types are presented as graphics in
which are presented the maximum values of the
acceleration depending on frequency and the
maximum energy of acceleration depending of the
engine speed. So, for each measurement point
(RH:01 X/Y/Z and RH:02 X/Y/Z) on the three
directions, the acceleration amplitudes depending
on frequency (peak-hold) and depending on
engine speed (overall level) are presented. In
order to have a quantitative estimation of the
attenuation degree for each type of elastic element
analyzed, a root mean square value was extracted
in the table for each curves type.
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Figure 12. Peak hold for RH:01 X
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In figure 12, figure 13 and figure 14 the
measurement analysis results for measurement

point RH:01 X/Y/Z depending of frequency are
presented.

In all three directions is observed that up
until the 500 Hz frequency, the low and mid
frequencies, elastic elements KR and KR hybrid
type shows much better attenuation of vibration
than rubber element. In the higher frequencies
over 500 Hz, rubber elastic element shows a
higher degree of vibration attenuation.
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Figure 13. Peak hold for RH:01 Y
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In order to have a quantity estimate of the
attenuation level, in table 1 the root mean square
values of all curves which define the vibration
behavior depending on frequency and engine
speed which correspond to measurement point
RH.01 are presented. Through extracted data
analysis in table 1, the fact that element KR-hybrid
presents the best attenuation in the transmitted
acceleration energy level with 1-4 dB RMS on X
and Z directions compared to the other two
isolators types, can be observed. In direction Y,
longitudinal direction on exhaust line, the rubber
isolators has an attenuation degree with 4 dB RMS
better than KR-hybrid and 6 dB RMS better than
the KR
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By analyzing the root mean square values
of the acceleration depending on engine speed are
it is observed the fact that element KR-hybrid
presents the best attenuation degree for all
directions, exception is Y direction where the
rubber element has better isolation properties

Table 1
Isolator RH:01 Peak-Hold RH:01 Overall level
ype m/s”-dB RMS m/s”-dB RMS
y X | Y | zZ | X | Y | z
Rubber | 19,7 | 13,3 | 27,5 | 26,6 | 20,7 | 344
KR35 | 186 | 232 | 26,8 | 30,0 | 322 | 357
7-02
KR 3,5
7-02 153 | 19,9 | 23,6 | 25,0 | 29,3 | 32,9
hybrid
In figure 15, figure 16 and figure 17 the
curves corresponding to the acceleration
transmitted through the elastic elements

depending on the engine speed in measurement
point RH:02 X/Y/Z are presented. By analyzing
these graphics on X direction, can be observed
that the rubber element has a good vibration
attenuation comparing with other two. On this
direction transversal on exhaust line, X direction,
can be identified several critical speeds determine
the presence of amplitude peaks of the elastic
elements KR and KR hybrid type.
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Figure 15. Overall level for RH:02 X
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In order to have a quantity estimate of the
attenuation level, in table 2 the root mean square
values of all curves which define the vibration
behavior depending on frequency and engine
speed which correspond to measurement point
RH.02 are presented

In this table it can be seen that the elastic
KR hybrid presents the best vibration damping
compared to the other two elements analyzed.
Both in amplitude analysis depending on frequency
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Figure 16. Overall level for RH:02 Y
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Figure 17. Overall level for RH:02 Z
Table 2
RH:02 Peak-Hold | RH-:02 Overall
Isolators level
type m/s*-dB RMS m/s*-dB RMS
X Y Z X Y Z
Rubber 12,3 1 19,7 | 32,1 | 19,9 | 27,5 | 40,2
KR35T 1202 | 87 | 293 | 275 | 232 | 368
KR 3,5 7-
02 hybrid 14,8 | 6,9 24,1 | 21,3 | 20,6 | 30,9

and depending on speed the element KR hybrid
attenuates acceleration amplitude by 6-10 dB RMS
better than rubber and 3-6 dB RMS better than the
elastic element type KR. Also in this measured
point RH: 02 is present an exceptional situation in
which on the direction transverse to the exhaust
line, X direction, the rubber element attenuate by
2-8 dB RMS amplitude accelerations compared to
the other two elements

Through a global analysis of the vibrational
behavior of elastic elements at this point we can
say that KR hybrid the element has the best
damping compared to the other two types
analyzed
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5. Conclusions

In this paper is presented an analysis on
the type of isolators influence in vibration
attenuation and presenting the mathematical
model of isolators with hysteretic damping and
damping coefficient calculation method. For this
purpose, 3 types of elastic elements were tested,
regarding vibration attenuation for an exhaust line
mounted in engine test bench. This study is based
on results obtained exclusively from experiments in
which is evaluated the maximum acceleration
energy related to frequency and related to the
engine speed. By using these two evaluation
criteria in the vibration behavior analysis, it was
aimed to obtain real and correct information
regarding the influence of the isolators’ types in
vibration attenuation.

Since the mounting points RH:01 and
RH:02, where the measurements have done, were
under different exhaust line weight loads, the
analysis was performed individually for each point.
The graphics corresponding to the maximum
acceleration energy in relation to frequency and
engine speed were extracted, but it was also
accomplished a quantitative evaluation of the
vibration attenuation degree for each WRI type.
For reasons of size of the paper was decided to
present just the proper graphics for maximum level
of acceleration related to frequency for point RH:01
and for RH:02 were present just graphs
corresponding for maximum level of acceleration
related to speed

In a global analysis of all the results we
can say that the elastic element KR Hybrid shows
best vibration attenuation properties compared to
the other two elements analyzed. However should
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THE ANALYSIS OF THE INFLUENCE OF THE CLEARANCE ON T HE IMPACT
STRESSES AT GROOVES ASSEMBLIES

ANALIZA INFLUENTEI JOICULUI ASUPRA FORTEI DE IMPACT A
ASAMBLARILOR CANELATE

Axel MAURER, Mircea BOCIOAGA, Anghel CHIRU, Alexandru POPA

Universitatea Transilvania din Brasov, Brasov, Romania

Abstract:

This paper takes into account two technological methods of punching of brake disks in automotive industry:

conventional punching and smooth punching. The experimental tests prove that in the first situation — conventional punching, the
clearance between the brake disk teeth and the central pinion grows more rapidly than in the second situation of smooth punching.
Based on these results the authors developed a finite element model to study the stress level for several ascending clearance
values. The model was created, pre- and post-processed with Patran program and solved with MSC Nastran SOL 700 program,
both developed by the MSC Software Corporation. The resulted stress field was stored in order to perform a further durability

(fatigue) analysis.

Keywords: analysis, unfluence, stress, impact, grooves..
1. Introduction

This study intends to put in evidence the
influence of the clearance between the break disk
teeth and the central pinion on the impact stress
that occurs when breaking. For this reason the
authors developed two models:

- An experimental model where was
determined the clearance growth versus the
number of impacts

- A finite element model where was
determined for certain values of clearance the

48 mm

I

Conventional punching

impact stress distribution versus time.

In order to study the influence of the clearance on
the impact stress two technological methods were
taken into consideration:

- Conventional punching - the resulted
cutting section is characterized by a higher
harshness and a more accentuated taper.

- Smooth punching — the resulted cutting
section is smooth with lower taper.

Figure 1 presents the cutting section of
the two technological methods taken into
account.

0,0441 mm,

01285 m

1,7898 mm

05777 mm
2,9544 mm

10361 mn

0077 mm
———

Smooth punching

Figure 1. Comparison between the conventional punching and smooth punching
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Central grooved pinion

Figure 2. Experimental device to measure the clearance value versus the number of impacts

In order to measure the variation of the
clearance versus the number of impacts between
the brake disk and the central pinion an

2. Measuring results
The measuring results were obtained with

the above presented experimental device. The
measuring results confirm the fact that, for the first

experimental device was designed and realized.
Figure 2 presents this experimental device.

technological method — conventional punching -
the clearance growth more rapidly than for the
second technological method — smooth punching.
Figure 3 presents the variation of the clearance.

0.16
0.14
0.17

0.1 1

A

0.08

\ conventiona punching

0.06

0.04
0.02
0

1604
3207
4810
6413
8016
9619
11222
12825
14428
16031
17634
19237
20840
22443
24046

25649

smooth punching

27252
28855
30458
32061
33664
35267
36870

Figure 3. The variation of the clearance versus the impact number

It is easy to see that the measuring data is
affected by a “noise”. In order to use this data in a
finite element analysis it is necessary to filter the
noise.

The noise filtering was realized with a
simple MSC Software Easy 5 model that use a

numerical first order lag method:

ay
TE +y==x
In this way the filtered variation becomes
for the conventional punching method:
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Filtered clearances for conventional punching method
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36730

Figure 4. Measured and filtered clearance

Also, for smooth punching method the filtered results are:

0.045
0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

Measured clearance

= [j|tered clearance

1674

3347

5020

6693

8366
10039
11712
13385
15058
16731
20077
21750
23423
25096
26769
28442
30115
31788
33461
35134
36807

18404

Figure 5. Filtered clearances for smooth punching method

3. Finite element model and displacements
and stress results variation versus time for different values of
clearance between the grove teeth of the brake
As already presented the goal of this study isto  disk and central pinion. The Patran model is

obtain the stress and displacement distribution presented in Figure 6.
Blocked displacements on three directions (1 2 3)
and rotations on Y and Z (4 5) directions of the 123(0iD-2)
pinion center. Remains only rotation on X direction. 123(C0ID=2]
1250iD=2)
23(CID=2)
123(CID=2)
123[CID=2]
123(CID=2]
123(CID=2)
. . 10 =2]
oy | Blocked all displacements of the disk segment i
> edge
e The applied force to simulate corresponding —x =2
L_Z moment applied for the experimental tests

Figure 6. Patran finite element model to simulate the impact between the brake disk and central pinion
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Figure 7. Displacement micro-vibration in impact area

The MSC Nastran that was run to obtain the
results was an explicit transitory analysis based on
SOL 700 algorithm that includes LS Dyna
modules. For the impact between the central
pinion and the break disk a 3% material damping
was considered.

The specific clearances used for this suite of
analysis are (the values are expressed in mm):

4. Conclusions

The impact between the brake disk and
central pinion produces significant micro-vibrations

References
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2012

0.02450 0.02950 0.03450 0.03946 0.04450
0.04947 0.05459 0.05952 0.06470 0.06961
0.07448 0.07937 0.08460 0.08947.

For all of these values a similar response was
observed: micro-vibrations that attenuates after 1
millisecond.

The typical structure response is presented in
figure 7 for displacement.

in the impact area that can affect the durability of
the system. This study will be made in a further
analysis.
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THE ANALYSIS OF THE CLEARANCE ON THE DURABILITY OF THE GROOVES
ASSEMBLIES

ANALIZA INFLUENTEI JOICULUI ASUPRA DURABILITZ\:I'II ASAMBLARILOR
CANELATE

Axel MAURER, Mircea Bocioaga, Anghel CHIRU, Alexandru POPA

Universitatea Transilvania din Brasov, Brasov, Romania

Abstract: This paper is a continuation of the paper entitled “The analysis of the influence of the clearance on the impact stresses at
grooves assemblies” elaborated by the same authors. Based on the experimental results regarding the impact clearance evolution
at brake disks in automotive industry and on impact stress distribution computed with a preliminary finite element model, the authors
developed a fatigue and a durability analysis for the assembly taken into consideration. Two technological methods were considered
for the brake disks: conventional punching and smooth punching. Based on the fatigue and durability analysis made with MSC
Fatigue program the authors prove that the smooth punching procedure conducts to a better durability of the considered break disk.

Keywords: analysis, influence, groove, assembly, durability.
1. Introduction

This paper is a continuation of the paper
entitted “The analysis of the influence of the
clearance on the impact stresses at grooves
assemblies” elaborated by the same authors.
Using the finite elements results obtained from the
impact analysis of the impact between a brake disk
and the central pinion, the authors demonstrate the
influence of the clearance in the durability of the
brake disk.

Similar as in the previous analysis two
technological methods are taken into
consideration:

- The conventional punching where the resulted
cutting section is characterized by a higher
harshness and a more accentuated taper.

- The smooth punching where the resulted
cutting section is smooth with lower taper

As proved in the above mentioned paper,
because the clearance the impact between the
brake disk and the central pinion, the impact is
accompanied by displacement and stress micro-
vibration. This effect is a short time process
damped in about 1 millisecond.

Using the MSC Fatigue program
developed by MSC Software corporation, the
authors associated this micro-vibration phenomena
to a fatigue phenomena.

Studying the fatigue and the damage
associated to the impact micro-vibration it was
possible to calculate the damage associated to
one impact.

It is also important to emphasize the fact
that the authors put into evidence a correlation
between the clearance and the fatigue damage
associated to one impact. In this way was possible
to calculate a durability for the brake disk and
pinion assembly for the two technological methods
of punching — conventional and smooth

2. Fatigue model and theoretical considerations

In Patran was created a suite of models
with same properties but with different clearance.
The considered clearance values are (expressed
in mm):

0.02450 0.02950 0.03450 0.03946 0.04450
0.04947 0.05459 0.05952 0.06470 0.06961
0.07448 0.07937 0.08460 0_08947.

*Corresponding author / Autor de corespondenta:
e-mail: axel.maurer@hoerbiger.com
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For each of these values was run a a stress and displacement distribution in the brake
transient SOL 700 based MSC Nastran analysis. disk tooth.
The time step for these analysis was 1x10° An example od such distribution is
seconds. For each time step the solver generated presented in figure 1.

Patran 2012.2.1 64-Bit 18-Jun-13 22:18:24 5.15+00;
Fringe: ansamblu_0_02450__0.dytr, A1:Time 7.99301e-6, Stress, Components, von Mises, (NON-LAYERED)

4.81+00
4.47+002
4.12400
3.78+00
3.43+00
3.08+00
2.75+00
2.40+00
2.06+00

1.72+00;

1.37+00;
1.03+00;
6.87+001

3.43+001
0]

default_Fringe :
Max 5.15+002 @Nd 78
Min 0. @Nd 592

Figure 1. Sample of stress distribution in disk tooth. Equivalent von Misses stress [N/mm?.
Clearance = 0.0246 mm, time = 7.99901-10° sec

MSC Fatigue has implemented semi- this way was possible to obtain a stress-life
empirical relation in order to obtain cyclic fatigue diagram associated to the brake disk material
properties from monotonic material properties. In

— C4a5E
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Figure 2. Stress-life diagram for C45E material obtained in MSC fatigue.
Based for these consideration for each Tn 1924 A. Palmgren propose the following
impact/clearance case studied was calculated a rule:
fatigue damage distribution. The fatigue crack occures when the
An example of such damage distribution is sume of the all the fatigue damages that

presented in figure 3 and 4. correspond to all the ciclic loads becomes

unitary.
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Patran 2012 2.1 64-Bit 24-Jun-13 08:20:113
Fringe: Crack Inifiaion, ansamblu_0_02450__0Ofel, Damage, . , (NON_LAYEREDMSJ

defaull_Fringe :
Max 7.81-008 @Nd 217
Min 0.@Nd 1

Figure 3. Damage distribution for the minimal clearance. Maxim damage 7.81x107,

Patran 2012.2.1 64-Bit 24-Jun-13 09:51:12
Fringe: Crack Initiation, ansamblu_0_08947__0_06497l, Damage.’, . (NON_LAYERED_5)

default_Fringe :
Max 3.28-007 @Nd 90
Min 0. @Nd 1

Figure 4. Damage distribution for the maxim clearance. Maxim damage 3.29x10™.

This rule was taken and popularized in
1945 by M. A. Miner. From here cmes the rule
name: Palmgren-Miner.

The mathematical expression of the rule is:
the crack occur when

¥D" =1 (1)

According to Palmgren-Miner rule the
damage field that correspond to a specific
clearance was amplified with the number of impact
cycles between the current clearance and the next
considered clearance.

This way, in Patran, based on the each
damage  distribution, amplified  with  the
corresponding number of impact cycles was
possible to obtain a cumulative damage for each of
the considered technological method to punch the
disk brake.
Considering the inverse value of the
cumulative fatigue damage — fatigue life, results
that
- for the conventional punching the impact cycles
at which the brake disk teeth will resist is
3.25'10° cycles

- for the smooth punching the impact cycles at
which the brake disk teeth will resist is 9.19-10°
cycles.
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Pafran 2012.2.1 64-Bit 24-Jun-13 10:16:47
Fringe: Combine, resursa_lotala, Damage, , . (NON_LAYERED_5)

default_Fringe :
Max 8 61-003 @Nd 1721
Min 0.@Nd 1

Figure 5. Cumulative fatigue damage for the conventional punching. Maxim value 8.61x107.

Palran 2012.2.1 64-Bit 07-Sep-13 20:35:31 2.40-003
Fringe: Combine_resursa_totala_caz2, Subcase 16, Damage. , ,{NON_LAYERED_5)

. defaull_Fringe :
\ Max 2 40-003 @Nd 85
\ Min 0. @Nd 1

Figure 6. Cumulative fatigue damage for the smooth punching. Maxim value 2.4x107,

3 Conclusions References

The technological method used to [1] Explicit Nonlinear User's Guide — MSC Corporation
manufacture the brake disk has a significant 2012.
influence on the disk durability. Using the smooth  [21 MSC Fatigue User's Guide — MSC Corporation 2012.
punching method the durability will be around three
times greater.
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THE EVALUATION OF KINEMATIC MEASURES WITHIN THE PRO CESS OF
OVERTAKING MOTOR VEHICLES

EVALUAREA MARIMILOR CINEMATICE ALE PROCESULUI DEPASIRII
AUTOVEHICULELOR

loan-Adrian TODORUT*!, Istvan BARABAS', Nicolae CORDOS",
Dan MOLDOVANU*, Monica BALCAU*

! Technical University of Cluj-Napoca, Faculty of Mechanical Engineering, Department of Automotive Engineering
and Transports, 103-105, Muncii Boulevard, 400641, Cluj-Napoca, Romania

Abstract: In the present study are evaluated the kinematic
measures within the process of overtaking motor vehicles from
a mathematical point of view, in different driving situations
represented through physical models. It is considered that
accidents can be prevented once the driving situations are
known. In the evaluation of the kinematic measures which
characterize the overtaking of motor vehicles the following are
taken into account: the variants of making an overtake,
frequently came across during driving; the consecutive steps of
the overtaking process; the environmental conditions - the
general ambiance, the weather conditions, the day-night
alternance, the most unfavourable time intervals, the limitation
of visibility, the reduction of road adherence etc. - with influence
over the human factor; the length and speed of each vehicle
involved in the overtaking process. For each of the approached
overtaking variants and the different states of the driver -
expecting danger; having a normal behaviour in situations
which present an imminent danger; driving during dawns and
dusks; having the number of perceived elements bigger than
four in the decision-making process etc., the obtained results
show the variations of the safe distances between the vehicles,
both while exiting the driving lane and during the initiation and
the ending of the re-entrance in the lane of the overtaking
vehicle, depending on the perception-reaction time of the driver-
vehicle ensemble and the traveling speed of the vehicles.
Taking into account the development tendency of the systems
which improve the qualities of the vehicles regarding the
avoidance of producing accidents, the developed calculation
module may underlie the future overtaking assistance systems.

Keywords: motor vehicle, driver, overtake, safe distance, traffic
accident.

1. Introduction

In street traffic the environmental conditions
- the general ambiance, the weather conditions,
the day-night alternance, the most unfavourable
time intervals, the limitation of visibility, the

Rezumat: In lucrare se evalueazd, din punct de vedere
matematic, mdrimile cinematice ale procesului depasirii
autovehiculelor, in diferite situafii din conducerea auto surprinse
prin modele fizice. Se considera cd odatd ce sunt cunoscute
situafile din conducerea auto, pot fi prevenite accidentele
rutiere. La evaluarea mdrimilor cinematice care caracterizeaza
depdgsirea autovehiculelor se fine seama de: variantele de
efectuare a depdsirilor, frecvent intalnite n practica conducerii
auto; etapele consecutive ale procesului depdsirii; condifile de
mediu - ambianfa generald, condifile meteorologice, alternafa
noapte-zi, intervalele orare cele mai defavorabile, limitarea
vizibilitatii, reducerea aderenfei carosabilului etc. - cu influenta
asupra factorului uman; lungimea i viteza fiecarui autovehicul
implicat in procesul depégirii. Pentru oricare din variantele de
depdsire abordate si diferitele stari ale conducétorului auto - se
asteaptd la pericol; are un comportament normal n situafiile
care reclama un pericol iminent; circuld in perioadele de r&asarit
si crepuscul; numaérul de elemente percepute, in vederea ludrii
unei decizii, este mai mare de patru etc. -, rezultatele obfinute
surprind variafile distanfelor de siguran{d intre autovehicule,
atat la desprinderea din coloand cat si la inifierea si sfarsitul
reveniri in coloand a autovehiculului care efectueaza
depdsirea, n funcfie de timpul de percepfie-reactie al
ansamblului conducétor-autovehicul si vitezele de deplasare ale
autovehiculelor. Tindnd seama de tendinfa de dezvoltare a
sistemelor care Tmbunatdfesc calitdfile autovehiculelor
referitoare la evitarea producerii accidentelor, modelul de calcul
dezvoltat poate sta la baza proiectdarii unor sisteme de asistare
la depdsire.

Cuvinte cheie: autovehicul, conducator auto, depdsire, distanfa
de siguran{d, accident rutier.

reduction of road adherence, the day of the week,
the hours of the day etc. - have a significant
influence over the human factor [1, 2, 3, 5, 6, 7,
9, 11].

The perception-reaction time of the driver is
variable, taking into account his age and tiredness,

*Corresponding author:
Phone: +40 264 401 674; Fax: +40 264 415 490
e-mail: adrian.todorut@auto.utcluj.ro
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the climatic conditions, the number of external
stimuli which may affect the state of the driver. For
the situations which present imminent danger, a
value of the perception-reaction time between
0.8 and 1 second reflects the normal behaviour of
a driver of age 25 to 35 years old, well rested, with
a medium driving experience, which normally
looks forward and not being previously averted of
a possible accident danger [1, 2, 3, 10, 14].
Compared to the situations in which the driver does
not expect any danger and normally looks forward, if
he is previously averted or if he drives on a road
section or in specific danger generating conditions (if
he expects danger), his perception-reaction time is
shorter with up to 40% [1, 2, 3, 10]. If the
perception-reaction time is shorter, the decisive
manoeuvre will be done more quickly and the
chances of avoiding or eliminating the accident
increase.

In some situations, the perception-reaction
time increases as it follows [1, 2, 3, 5, 8, 9, 10]:

- with 15...20% in the conditions of driving on
slippery roads (wet, snowy, with slime or
glaze);

- with 15...50% when the number of perceived
elements in the decision-making process is
over four;

- with 20...30% for the dawn and dusk periods;

- with 25...50% in reduced visibility conditions
(rain, snow, fog, dark);

— with approximately 50% while the cellphone is
used,;

- with approximately 160% in case of
momentary blindness from the powerful glow
of the headlights of another vehicle, if an
obstacle is spotted during the recovery period
or immediately after it.

During the overtaking process [1, 2, 3, 5, 10,
14] a relatively large number of not easily
predictable elements cauzality reports need to be
perceived and analyzed (the speed of the
overtaking vehicle and of the one that needs to be
overtaken; the distance between the vehicle which
intents to overtake and the one which will be
overtaken; the positions of each vehicle according
to the width of the road; the speed of the vehicle
from the opposite lane; the distance between the
vehicle intending the overtake and the one coming
from the opposite direction etc.). In such cases a
medium driver perception-reaction time of 3
seconds is recommended [1, 2, 3] both for the one
overtaking and for the one being overtaken.

The different overtaking variants taken into
account, frecquently came across while driving,

are presented through physico-mathematical
models. For the evaluation of kinematic measures
within the process of overtaking vehicles, a
numerical calculus model has been developed in
which are taken into account the conditions in
which an overtake is made (the overtaking
variants, the traveling speed of the vehicles, the
possibility of strong brakes, the state of the driver,
the nature and state of the road etc.) and which
allow the user to obtained the desired results with
graphical interpretations.

2. The numerical evaluation method

2.1. The steps of the overtaking process

In the present study the steps of the
overtaking process are taken into consideration for
the situation in which no vehicle approaches from
the opposite direction.

The numerical calculus model developed in
the MathCAD program is based on the physical
phenomena within the consecutive steps of the
process of overtaking vehicles (Figure 1) [1, 2, 3,
10, 14]:

— the initial step, which takes place on the S;
distance (vehicle 1 executes an S-shaped
movement corresponding to exiting the lane
and retreating on a parallel direction with
vehicle 2);

- the step of the parallel traveling of the two
vehicles on the S, distance, having a safe
lateral distance D, between the longitudinal
axes of the vehicles;

— the final step with a trajectory also shaped like
an S, but on the S, distance, during which
vehicle 1 exits the overtaking lane and comes
back on the initial one.

The duration of traveling an S-shaped route
(clothoid arcs) by vehicle 1 (Figure 1) with the
speed v, both during the initial and the final step of
the overtaking process may be calculated with the
following relation [1, 2, 3, 10]:

— Dt
! _\’1.56 (B, - [sh @

in which ¢, is the adherence coefficient on
transverse direction, characterized by the nature
and state of the road.

2.2. The variants of performing an overtake
used in the study

Of all the variants of performing overtakes,
frequently came across during driving, the
following are mentioned (Figure 1) [1, 2, 3, 10]:
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— variant A: vehicle 1 travels with the speed

V1 =V, behind vehicle 2, at a safe distance S;.
When the possibility of overtaking occurs,
vehicle 1 accelerates with a,,s and begins
detaching, so that at the end of the first step
(after traveling the distance S)) it reaches the
speed vy > V, (Vy =V; +ane [T). After the
parallel travel on the S, distance (with the

same acceleration aneq), at the end of the step
vehicle 1 reaches the speed vi, > vy,

(Vqp = \/vlzl +2 [Bpeq (5, ) and when its front

passes with S; the front of vehicle 2 (S; > Ly,
S; = L; + S3¢), vehicle 1 starts coming back on
the initial lane without accelerating. The Sag
distance is considered so that between the
rear of vehicle 1 and the front of vehicle 2
there is a tzs interval of approximately 2...3
seconds [4]. Thus, it is considered that on the
S, distance of the final step vehicle 1 is
traveling at a constant speed vy, and after its
return on the initial lane there is a S, safe
distance between the two vehicles;

— variant B: vehicle 1, having the speed v; > v,

(v1 = ct.; v, = ct.), begins overtaking 2, starting

from a safe distance S;. When the rear of
vehicle 1 passes with Szs the front of vehicle 2
it starts returning on the initial lane, so that
after the return between 1 and 2 there is a
safe distance S;. In the overtaking process, v,
but also v, are maintained constant and
Vip = V1i = Vy,

variant C: vehicle 1 travels with a constant
speed v; > v,, but when it arrives at a safe
distance S; behind 2, seeing that it is possible
to overtake, starts exiting the lane and
simultaneously  accelerates.  Afterwards,
vehicle 1 performs an overtake similar to
variant A;

variant D: similarly to variant C until vehicle 1
starts returning on the initial aisl with its speed
being vy, after which it considers continuing
its traveling with the same uniformly
accelerated movement. After vehicle 1 travels
the S, distance, it reaches the speed vy, > vy,
(Vir =Vyp +apeq (), and during the end of

the overtake between the two vehicles there
must be a S; safe distance.

Sy
Sips S3, (S3>Ly)
< ple >
Vi Szsl| . Vip
1 1 T e : 1 ———
/// \\
AN
\Z // V2 V2 a V2 V2 \\ V1p,(1")
— S —<» —» —<» 2, . —/
F i N
1 =SHE L[] 2 - 2 e E e 1
b S L vt [ Sp O\ J | vt | S4,6)
< e b i< »ie »ie N
| Il I \Y]

Figure 1. The positions of the vehicles during the consecutive steps of the overtaking process. 1 - the vehicle which makes the

overtake; 2 - the vehicle which is overtook (v, = const.); L;, - the length of vehicle 1, respectively of vehicle 2; | - the position in

which vehicle 1 starts exiting the lane to overtake; Il - the position in which vehicle 1 reaches the speed v;; > v, and starts a parallel

travel with vehicle 2; Il - the position in which vehicle 1 reaches the speed vy, > v4; and starts coming on the initial lane when its

back passes with Sss the front of vehicle 2; IV - the position in which vehicle 1 comes back in the lane and behind it is the front of
vehicle 2 after the distance S, s (the end of the coming back in the lane of vehicle 1).

For each of the variants mentioned in the

development of the calculus model are taken into

ac

count the situations in which the vehicles would

brake strongly [1, 2, 3, 10]:

when vehicle 1 exits the lane, vehicle 2 might
strongly brake;

at the end of the overtake, vehicle 1 might
strongly brake right after returning on the
initial lane.

These situations are taken into consideration

to evaluate the possibility of avoiding car collision
during the overtaking process.
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2.3. Notations used in the calculus model
according to the conditions in which the
overtake is made

For each of the A, B, C and D overtake
variants are taken into consideration different
states of the driver, symbolized so: a - expecting
danger; b - normal behaviour in situations which
present imminent danger; ¢ - the conditions of
overtaking on humid roads; d - the number of
perceived elements in the decision-making
process is bigger than four; e - for the dawn and
dusk periods.

In the reference situation for both the state
of the driver (e.g. - a) and the overtake variant (e.qg.
- A) the notation used will be as ,a-A”". If a certain
state of the driver is reffered to more than one
overtake variant, for example, state (a) refers to
both variant C and variant D, the used notation will
be as ,a-C,D" etc.

The values of perception-reaction times to
brake of the driver-vehicle ensemble for both the
one who performs the overtake and for the one
who is being overtaken, depending on the state of
the driver, are considered so: ty = 0.48...0.6 s;
tpr(b) =0.8...15; tpr(c) =0.92...1.2 s; tpr(d) =1...15s;
tpr(e) =0.96...1.3s.

Also, for each of the A, B, C and D overtake
variants are taken into consideration different
natures and states of the road on which the
vehicles travel, symbolized as such: nsrl - dry
concrete-asphalt road; nsr2 - humid concrete-
asphalt road.

In reference situation for both the overtake
variant (e.g. - A) and the nature and state of the
road (e.g. - nsrl) the notation will be used as
LA-nsrl”. If a certain nature or state of the road
refers to more than one variant of overtake, for
example if the nature and state of the road (nsrl)
refers to both variant C and variant D, the notation
will be used as ,C,D-nsrl” etc. In reference
situation for the state of the driver (e.g. - a), the
overtake variant (e.g. - A) and the nature and state
of the road (e.g. - nsrl) the notation will be used as
.a-A,nsrl”.

To define the adherence coefficients which
characterize the nature and state of each
considered road (#nsr1 =0.7...0.8;

$uso =0.45..055, [1, 2, 4, 8, 9, 12, 13] - on

longitudinal direction) in the numerical calculus
model, the variable n = 1...2 will be used, so: n =1
takes into consideration the road nsrl and n = 2,
the road nsr2 (in calculations the medium values of
these are @, =@y e ). For the roads with

longitudinal leaning under an angle a, in the place

of the ¢,
coefficient

coefficient, the global adherence
$o, is taken into consideration,

coefficient given by a relation
$o, = ¢n [LOSa £sina, (+" ascension;

such as:

descent). In this study, the considered road is
horizontal (a = 0).

In the case of overtakes, the traction force
(tangential longitudinal) of the driving wheels of the
vehicle have high values and act simultaneously
with a transverse force, producing a significant
reduction of the adherence coefficient on
transverse direction ¢, .This is necessay to avoid

transverse or tangential sliding,making sure that
the resultant of the two forces - longitudinal and
transverse - does not exceed the maximum
adherence force when their measures and
directions modify. In such situations, for transverse
acceleration comfort maintaining conditions [1, 2,
3] it is considered that the overtakes will pass off
with a transverse direction adherence coefficient of
¢, 00.8Lp, , and the sliding coefficient of

¢ajd represents approximately 80% of the

longitudinal direction adherence coefficient ¢,, .

If in the numerical model it is necessary to
use an (M) measure which varies between a
minimum value (M,;,) and a maximum value
(Mmax), considering a variable j which comprises
values of the considered measures in the interval
(Mmin---Mmay), @ relation can be define which can be
generally available for the developed calculus

. =M,
model, such as: M; =My, +(] —1)E’v|ma"lfm”‘,

j=1..11.
In order to underline the distance traveling
timing S; or S,, the relation (1) may adapt to the

D,
[ E—
1.56 [§;_

According to vehicle class/segments, the
dimensional characteristics differ from a class to
another [11]. In the calculations the lenghts of the
compact class vehicles are taken into
consideration (L; = L, =4.1...4.74 m: 4.1...445 m
- the ones who have the hatchback car body;
4.4...4.74 m - the ones who have the cabriolét car
body, berlin - sedan - or break) [11], these ones
being considered family vehicles. Taking into
consideration that the width of a driving lane is of
at least 3.5 m and taking into account the widths of
the compact class vehicles (approx. 1.74...2 m,
without the rearview mirrors) [11], in the
calculations a value of approx. 3...3.25 m is used

considered variables, so: t; , =
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for the lateral safety distance between the
longitudinal axes of the vehicles involved in the
overtaking process.

2.4. The safety distances within the process of
overtaking vehicles
2.4.1.The safe distance between the vehicles in
the detachment from the lane moment

When vehicle 1 exists the lane, to avoid a
collision with vehicle 2 who might strongly brake,
vehicle 1 should be at a safe distance S; (Figure 1)

from vehicle 2 which allows vehicle 1 to start the
same manoeuvre. The responsibility of respecting
this safe distance is the obligation of vehicle 1 who
performs the overtake.

Taking into account for both vehicles equal
braking efficiencies, this is possible for each of the
presented overtaking variants (Figure 2...4), with
the following conditions met [1, 2, 3, 10]:

S;, figure 2 (variant A)

S A
1{8‘D](a,b,c,d ,e)ug}

in which: S, =vy ., [m]; Sy =vyQ,, [m];
2 _\,2 V2 ~ _V2
Sp,=a Ve mp s, =B4 T m;

2 |]jebr 2 Blmed
2 2
_Viz-4~V3 . _
14 — Tv [m]’ V1,3—4 =V +amed D]pr '

ebr

[m/s], where: t, represents the perception-reaction

2| S, +S,,, figure 3 (variant B) , (2)
Si3 +Sy4, figure 4 (variants C,D)

time in braking of the driver-vehicle ensemble 1,
measures in [s]; de,r - deceleration of a strong
brake, measured in [m/sz]; Amed - the medium
acceleration afferent to the overtake, measured in
[m/s?]; the speeds v; and v, are measures in [m/s].

Figure 2. The safe distance in the detachment from the lane moment (variant A overtake).

A 4

Vo V4 =V2=0
E——

,,,,,,,, EI|||2°|], S 10,\ “|||2o| i’ h
— | Spp

Figure 3. The safe distance in the detachment from the lane moment for an overtake with constant speed (variant B overtake).
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Figure 4. The safe distance in the detachment from the lane moment for an uniformly accelerated overtake
(variants C and D overtakes).

To underline the variation of the safe
distance S; in the detachment from the lane
moment, according to the perception-reaction time
t,r of the driver-vehicle ensemble which performs
the overtake, for the different overtake variants A,
B, C and D and different natures and states of the
road, the speeds of the vehicles v,, v,, the time t,,,
the deceleration of a strong brake dg,, are

considered as such: ty =0.48..15s;

debr(aBCD), = Pmed, [g.m/s®, g being the

gravitational  acceleration;  vy,) =50km/h;
Viscp), =00KmM/h; Vyagcp), =50km/h. In

this calculus step in the developed numerical
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model the speeds and

Vi(a), » ViuscD),

Vaapcp), are considered constant, having the

mentioned values, and the medium accelerations
[1, 2, 3] of the vehicle that overtakes, afferent to
the overtake variants A, C and D, corresponding to
the steps of the overtaking process (Figure 1), are

considered as  SUCh:  @peq(a) =1.42 m/s?;

amed(c,p) =0.88 m/ s”. For the overtake variant B

the speed of the vehicle overtaking is constant
throughout the whole overtaking process, the
medium acceleration ayeqs) afferent to this

overtake variant is null.

Also, to underline the variation of the safe
distance S; in the detachment from the lane
moment according to the traveling speed of the
overtaking vehicle, in case of a normal behaviour
of the driver in situations that present imminent

Vi(a), Bpr(abede);

Viscp), Hpr(abede);

2
2
(Vl(B,C,D)J- +8med(c,0) Hpr(ab.cd ,e)jj ~Vi(BC D),
+

danger, the traveling speed of the vehicle which is
overtook is considered the same
(Vaag.cpy = 30...50 km/h) for each of the overtake
variants A, B, C and D. The traveling speed of the
overtaking vehicle is considered as such: for
overtake variant A - equal to that of the overtaken
vehicle (Vl(A) = VpaBCD) = 30...50 km/h), but for the
overtake varians B, C and D presented in the study
- higher than the one of the overtaken vehicle
(V1 > Vo Vigcpy = 40...60 km/h). In this calculus
step in the numerical calculus model, the speeds
Via) Voag.cp) and vygcp) are comprised between
the minimum and maximum mentioned values.

To determine the safe distance S; in the
detachment from the lane moment according to the
presented overtake variants and the conditions
they meet, the relations (2) [1, 2, 3, 10] is adapted
to the numerical calculus model, so:

2 2
ViBc D), “V2(ABCD),

2 Wepr(ABC D),

)
1B |(a,b,cd,e)
Cc,D

[igj 2 Bmed(c,p)

2
2
(Vl(B,C,D)J- *8med(cp) Tpr(abede); j ~V2(ABCD),
+

®3)

2.4.2. The distance travelled by the overtaking
vehicle, corresponding to the initial overtake step,
the detachment from the lane and the retreat on a
parallel direction to that of the overtaken vehicle

After traveling the safe distance S,
(Figure 1),
Amed(A) 2
S[A ] :V{A ] O n +| 8med(s) sz—n 4)
i|B 1 BC,D
cbj, BCD) @med(C,D)

coreesponding to the initial overtake step, vehicle 1
reaches the speed viteza vy,

\% \% +a .
(A A A j.n
4(20),|_[“fbeo), "mal2s)

Vi),

®)

Vi(B.cD),

For the overtake variants A, C and D the S;
distance may be calculated through the following
relation:

2 2
vli(é,D). ; Vl(é,c,o).
S A = - : (6)
I(C’D)j.n 2 Ba‘med(é’D)

2 [epr(ABCD),

2.4.3 The distance travelled by the overtaking
vehicle, corresponding to parallel traveling with
vehicle 2 moment

After traveling the S, distance (Figure 1)
vehicle 1 reaches the speed vy, defined according
to the overtake variant, as such:

2
“wlto), || {ito), 2 Brlte) e, |

Vip(e), Vii(B),
where:
S /A =S‘ A +S (a . (8)
G P
In Jn In
The Sis distance(Figure 1) may be
expressed like this:
ips[ A \ O, +a J—tiis'
"’S(CD),-,” = u(8p) P Tmed(85) T2 {(9)
D), :

S .
Ips(B); Vii(B), Eﬂisz
where tps (approx. 1...2 s) is the duration of

traveling this distance.
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To make a safe overtale, the S; distance
(Figure 1) has to be bigger than the L; length of
vehicle 1 which overtakes vehicle 2 [1, 2, 3], for
each of the presented overtake variants. Thus, the
distance S; (Figure 1) is given by the following
relations:

S3[§,D][%*“J :835[5[,][?::] - :

j.n

in which the Sg distance travelled in the t35 time
can be expressed as such:

2
VoA +2@ B +a o, g
1 d d j
(2], "2 Bl2n) Boro), “melo) |
2@
[S A mEd(é,DJ
SS(C,D)N =l v? A +2@ . B 4 (11)
SSS(B)J- _ l'(C,D)jyn med(C’D) IpS(C’D)j,n
2 |}_med((/':\"DJ
Vi), Has,
To be able to initiate the detachment from S —y Q.+t ) (12)
the lane and the return on the initial lane of vehicle 2(ABCD); — "2(ABC.D); tips; T "3s; /-

1  (Figure 1), the  travelled distance
(Sips1 = Si + Sips + Szs) must be bigger than the
distance (Sipsz = S; + L, + v/ + S;). During
(tips + t3s) the traveling of the distance (Sips + Sas)
by vehicle 1 (Figure 1), vehicle 2 travels the
distance S,, which can be expressed as such:

By calculating the distances Sis; and S,
according to the overtake variant, the state of the
driver, respectively the nature and state of the
road,

S (A =S{BA J +S 4 +S 4 ; (13)
ips1| B CD) ., ips| B _ 3s|B )
[C,D]i N o [C,D][}v”] [C,D][}v”]
' J.n j.n
S (a =S (a +Ly +Voagcoy, Hin *S (A o (14)
ipsZ{B ](a,b,c,d,e)jvn 1[8 ](a,b,c,d,e)j Z{B ]
c.D c.D [fﬂ] cD),

it will be verified if Sips; > Sipsz.

2.4.4. The distance travelled by the overtaking
vehicle by detaching from the overtake lane and
returning on the initial lane, corresponding to the
final overtake step

After traveling the distance corresponding to
the final overtake step S, (Figure 1), defined
according to the considered overtake variant,

j.n

Eﬂ n
0. el -

t2

Si(0) EPe
e )| Vipe oy, Bin +ameatc o) B

vehicle 1 remains at v; speed of reaches the speed

Vi (Vir(p),, =Vipc by, +8med(c.p) Tjn)-

For the overtake variant D the S, distance
may also be expressed through the following
relation:

2 2
_Vir(p),, ~Vip(c D),
S0y, = '

(16)
2 @med(c,p)

2.4.5. The total distance travelled by the overtaking
vehicle

For each of the overtake variants the total
overtake distance Sy (Figure 1) may be calculated

through:
+S
r[

Ay =S
c{g { ,
D), , ,

S +S

p

J L@

o0 w>

A
B
C
C

A
B
C
C

D Dl
D) Dl
jn ]
J

EER-
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2.4.6. The safe distance between the vehicles
when the overtaking vehicle returns on the initial
lane

The safe distances S,, respectively Sg
(Figure 1, Figure 5) between the vehicles at the

end of the overtake must be [1, 2, 3] big enough
for vehicle 2 not to hit vehicle 1 when the latter
would start a strong brake right after returning on
the initial lane.

Figure 5. The safe distance whe

If right after the overtake vehicle 1 has the
speed vy, 1y (Figure 5) and it starts to brake, then it

would stop on a distance vfp’(lr) /(2 Mg, ). For
vehicle 2 not to hit it (Figure 5) it should stop on a
maximum distance of (v, O, +V3 /(2 [y, )),

which is equal to the distance
S A
1
CJin =Va(agcp), Bpr(abede); ~

SS(D)J"‘ rel.(18)

Meeting the condition (18) depends on the
S; distance (Figure 1) when vehicle 1 starts the
return move on the initial lane and when vehicle 1
is returned on the initial lane, the S, distance
between the vehicles is determined [1, 2, 3] from
the equality:

Sy +S, =V, B+S,5) +Ly. (19)

For each of the considered overtake
variants, the S; distance (Figure 1) is determined
according to the relations (10) and (11), and the S,

2
Vip,(1r/(2:depr) R
Vs Vo= Vap,(1)=0
++++++ [ED @D
Vot vZ(2:d o)
2"tpr 2 ebr)

n returning to the initial lane.

(Says) +v12p’(1,) /(2 Ty, ) ), from where it results [1,

2, 3] that the safe distance S, (Figure 5),
adapted to the considered variables (the nature
and state of the road, the overtake variant and the
state of the driver) is given through the following:

N

Vir(p), ,

A

B
1 C.D

2 |]jebr(A,B,C,D)n

n 2
P =Viascoy, [ @8)

distance from which vehicle 1 detaches from the
overtake lane and returns on the initial lane is
determined according to the relations (15) and
(16). In the moment of return on the initial lane of
the overtaking vehicle, it is at the S, distance
from the overtaken vehicle, point in which vehicle 1
reached the speed vy, 1. According to the nature
and state of the road on which the vehicles travel,
the safe distance S, s is adapted to the variables
refering to the overtake variant, respectively to the
nature and state of the road, thus:

S S ! [A J "
1p| B
A A j.n
4[BJ S[B J cb [in]
Clin = CDJi * ’ ~Voasepy, Bin ~L; - (20)
S S Vir(p);., ~Vip(c D)
5(D)j,n reI(20) 3(CvD)j,n ). J
2 Bimed(C,D)
For vehicle 1 to return safely on the initial s s
lane, during the overtake process the following 4[3] 4[/3]
condition must be met [1, 2, 3]: Clin 2 (¢, (21)
S S
5(®)in rel.(20) 5(®)in rel.(18)
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3. The obtained results

According to the calculus method the results
are obtained with graphical interpretation of
kinematic measures within the process of
overtaking vehicles.

Thus the travel speeds of the vehicles
Via), » Viecp), and Vaagcpy, - the variation of

the safe distance S, in the detachment from the
lane moment, according to the perception-reaction
time t,, of the overtaking driver-vehicle ensemble
for different overtaking variants A, B, C and D and

different natures and states of the road (see the
relations 2 and 3) is underlined in figure 6.

In order to overtake, in the detachment from
the lena moment it is necessary to ensure a safe
distance S; between the vehicles, according to the
travel conditions and the state of the driver. For
each of the considered overtake variants the safe
distance S; rises simultaneously with the rise of
the perception-reaction time at the braking of the
driver-vehicle ensemble 1 (see Figure 6, table 1).

—s—a-A % a-B,nsr1 o a-C,D,nsr1
20 —#—b-A % b-B,nsr1 % b-C,D,nsr1
T c-A c-B,nsr2 c-C,D,nsr2
1|—4—d-A % d-B,nsr1 A~ d-C,D,nsr1
35+ e-A e-B,nsr1 e-C,D,nsr1 s
% | A
E € 304
o =
S n 1
O L-
© 5 25
2E |
£ E 20 4
Qo
-
o O
» o 154
T £
QL e 1
%L 104
[0]
= 1 o
S I T T T T T T T T L

T T T T T T T T
04 05 06 07 08 09 10 11 12 13 14 15 16

The perception-reaction time of
the driver-vehicle ensemble, tpr, S

Figure 6. The variation of the safe distance in the detachment from the lane moment in accordance with the perception-reaction time
(tor) of the overtaking driver-vehicle ensemble, for different overtake variants and different natures and states of the road.

Table 1.

The variation of the safe distance in the detachment from the lane moment according to the overtake variant and the
perception-reaction time (t,) of the overtaking driver-vehicle ensemble, on the nsrl road, in the state of the driver b.

The overtake variant b-Atpr) b-B,nsritpn b-C,D,nsrltpn
b-Ator - -39.59% -45.40%
b-B,nsr tp +65.54% - -9.61%
b-C,D,nsr1tp +83.14% +10.63% -

In regard to the situation which present an
imminent danger, in the case of a normal
behaviour of the driver, the safe distance S; in the
detachment from the lane moment according to the
perception-reaction time of the overtaking driver-
vehicle ensemble varies depending on the state of
the driver, the overtake variant, respectively the
nature and state of the road according to figure 7
(with the traveling speed of the vehiclesvy,,_ ,

Viecp), and Vaoagcpy, )-

The variation of the safe distance S; in the
detachment from the lane moment according to the
traveling speed of the overtaking vehicle in the
case of a normal behaviour for the driver in
situations which present imminent danger (see the
relations 2 and 3) is underlined in figure 8 (with the
traveling speeds of the vehicles Vi), Voagcp and
Vigcp comprised between their minimum and
maximum values).
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Figure 7. The variation of the safe distance in the detachment from the lane moment according to the state of the driver, taking as a
base comparison the travel of the vehicles on nsrl and the case of a normal behaviour of the driver in situations which present
imminent danger (state b).
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Figure 8. The variation of the safe distance in the detachment from the lane moment according to
the traveling speed (v;) of the overtaking vehicle, on the nsrl road, in the case of normal behaviour of the driver in situations which
present imminent danger (state b).

The safe distance S;, influenced both by the
variation of the perception-reaction time of the
driver-vehicle ensemble 1 and by the traveling
speed (the traveling speed of the vehicles vyp),
Vomecp and vigcp comprised between their
minimum and maximum values) gets bigger
proportionally with the speed increase (see Figure

Table 2.

8). Besides the influence of the perception-reaction
time of braking of the driver-vehicle ensemble 1
over the safe distance S;, the traveling speed of
the wvehicles also significantly influences this
distance, the latter varying according to the
traveling conditions, respectively the used overtake
variant (table 2).

The variation of the safe distance in the detachment from the lane moment according to the overtake variant and the traveling
distance (v;) of the overtaking vehicle, on the nsrl road, in the state b of the driver.

The overtake variant b-Avy) b-B,nsrlv,) b-C,D,nsrl(v,)
b-Avy) . -41.66% -47.45%
b-B,nsri(v,) +71.40% - -9.92%
b-C,D.nsrl(v, ) +90.28% +11.02% -
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With the traveling speeds of the vehicles
Vi) Vo(ag.c,p) @and Vye cpy comprised between their
minimum and maximum values, the variation of the
safe distance S; (see the relation 3) according to
the traveling speed of the overtaking vehicle and
the state of the driver (a, b, ¢, d, e) for the overtake

variants A, B, C and D may be followed in figure 9.
The conditions referring to the traveling speeds of
the vehicles are considered the same with the
ones in figure 8, and the meaning of the notations
from figure 9 is the same as the one from figure 6.

—#—a-A &% a-B,nsr1 o a-C,D,nsr1
#— b-A % b-B,nsr1 % b-C,D,nsr1
40 c-A c-B,nsr2 c-C,D,nsr2
1|—4—d-A % d-B,nsr1 A d-C,D,nsr1
35+ e-A e-B,nsr1 e-C,D,nsr1 A
- ] N
o 30 JaN ot
:E) g ] & K,A’
- Rl
g9 25 s %
oc E | B ¥
[ORN] % *
£ £ 20 4 Yo LY
© 0 | g g
o 15 0 -
58 ]
D o
T £ 10 -
L e |
T o
o = 54
< |
|_
0 T T T T T I T T T T T T

45 50 55 60 65
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Figure 9. The variation of the safe distance in the detachment from the lane moment according to the traveling speed of the
overtaking vehicle and the state of the driver.

Against the situations which present
imminent danger in the case of normal behaviour
of the driver, the safe distance S; in the
detachment from the lane moment according to the
traveling speed of the overtaking driver and the
state of the driver varies according to the overtake

Table 3.

variant and the state of the driver, according to the
results presented in table 3 (the traveling speeds
of the vehicles Via)y V2(AB,CD) and Viecp) are
comprised between their minimum and maximum
values).

The variations of the safe distance in the detachment from the lane moment according to the traveling speed of the overtaking
vehicle and the state of the driver, taking as base comparison the case of normal behaviour of the driver in situations which present
imminent danger, with movement on nsrl (b-A; b-B,nsrl; b-C,D,nsr1).

The overtake variant
The state of the driver and nsr A B c.D
a nsrl -40% -29.11% -30.69%
c nsr2 +18.02% +26.69% +31.05%
d nsrl +36.15% +26.06% +28.03%
e nsrl +26.04% +18.88% +20.25%

The variation on the S; distance according to
the overtake variant, the nature and the state of
the road on which the vehicles travel and the
traveling the detachment from the lane route time
(see the relations 4...6) is underlined in figure 10
and accorrding to the speed vy; in figure 11.

The comparative results referring to the Sis;
and Sjs, distances (see the relations 11...14)

according to the nature and state of the road, the
overtake variant and the state of the driver are
presented in figure 12.

According to figure 13, depending on the
nature and state of the road on which the vehicles
travel, the S, distance varies according to the
overtake variant and the vi, speed (see the
relations 7...11).
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40



Ing

ineria Mediului  si Antreprenoriatul Dezvolt

arii Durabile — Vol. 3, Nr. 1 (2014)

120
110 --@-- A-nsr1 ---A--- A-nsr2 .),A
1 --0--B-nsr1  ---A---B-nsr2 e
g 100+ --®--C,D-nsr1_---4---C,D-nsr2 o
S = 1 /,/A
() .
(o)) . -
g % A A
°e 1 « o
82 80+ E .45&
® £ 1 # B
o2 70 « ah
o 5 / o
5 = 1 ol i
S0 4 A
&= 60+ A &5
T i ¢ %gx
() © /ﬁ /"’(
c 2 50 o o Lo
- o 4 Preis
= 1 A «®
40 « e
«
30 L | T T T LI T I T T 1 T T I

35 40 45 50 55

The traveling distance of the overtaking vehicle, Vi km/h

Figure 13. The variation of the S, distance corresponding to the parallel driving step according to the traveling speed of the
overtaking vehicle and the nature and state of the road.

Depending on the nature and state of the
road on which the vehicles travel, the S, distance
varies according to the overtake variant and the
time traveling the return on the initial lane route
(see the relations 15, 16) as seen in figure 14 and
according to the vy, 1 Speed as seen in figure 15.

The total overtake distance Sy (Figure 1)
(see the relation 17) varies depending on the
nature and state of the road on which travel the
vehicles involved in the overtaking process, the
traveling speed of the overtaking vehicle and the
overtake variant, according to figure 16.

Depending on the nature and state of the

road on which the vehicles travel, the S,
distance (see the relations 18...20) varies
according to the overtake variant and the time
traveling the return on the initial lane route as seen
in figure 17 and according to the v,y speed as
seen in figure 18.

The comparative results referring to the safe
distance when the overtaking vehicle returns on
the initial lane (see the relation 21) according to the
nature and state of the road, the overtake variant
and the state of the driver are underlined in
figure 19.
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Figure 14. The variation of the S, distance corresponding to the final overtake step according to the time traveling the return on the
initial lane route and the nature and state of the road.
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Figure 15. The variation of the S, distance corresponding to the final overtake step according to the traveling speed of the overtaking
vehicle and the nature and state of the road.
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Figure 16. The variations of the total overtake distance Sy according to the traveling speed of the overtaking vehicle and the nature
and state of the road.
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Figure 18. The variation of the S, s).e1.20) Safe distance necessary when returning on the initial lane according to the traveling speed
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Figure 19. The comparative results referring to the safe distance when returning on the initial lane of the overtaking vehicle
(Sa,m)-rel20) < Sas)el(18) according to the nature and state of the roand, the overtake variant and the state of the driver.

Taking into account the comparative results
referring to the S, distance from figure 19 it is
found that condition (21) is met. As a
consequence, in the conditions considered in the
study, vehicle 1 can safely return on the initial lane.

4. Conclusions

The following can be concluded after
browsing through this entire study:

— taking as base comparison the case of normal
behaviour of the driver in situations which
present imminent danger, the safe distance in
the detachment from the lane moment
according to the perception-reaction time of
the overtaking driver-vehicle ensemble and

depending on the traveling speed of the
overtaking vehicle and the state of the driver,
presents approximately the same variation
tendency for each of the studied overtake
variants;

the obtained results referring to the safe
distances specific to the overtaking vehicles
steps reflects the necessity of keeping these
adequate distances for each considered
overtake variants;

the increase of the overtaking vehicle speed
implies he necessity of a bigger safe distance,
respectively an important growth of the
stopping distance (the traveled space in the
perception-reaction time interval and the
actual braking distance) and the driver cannot
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compensate this through a faster reaction,
thus contributing to the accident risk growth;
the correct estimate of the traveling speed of
the vehicles and an apreciation corresponding
to the needed safe distances for an onvertake
performance increase the traffic safety;

the developed numerical model for evaluating
the kinematic measures within the process of
overtaking vehicles allows the changing of the
entry data, the taking into consideration of
other conditions of performing ovetakes,
respectively getting the results with graphical
interpretation;

the usage of the computerized analysis
through the advantages it offers (the reduction
of the projecting time, the simulation of
different functioning conditions, the wide
applicability in interest domains etc ) becomes
a useful and necessary instrument for the
contemporary engineers who work in the
projection, the building, the development and
the safety of the vehicles, but it is to be
underlined the fact that the usage of
computerized analysis is not a necessary and
suffiicient condition in issuing some final order
considerations, but because of the complexity
of presently developed mathematical models
may be a trustworthy instrument used by the
specialists;

the paper can be expended by studying the
overtake process in the situation when
another vehicle approaches from the opposite
lane; in these situations the evaluation of the
dilemma zone (situated between the critical
zone of stopping the overtake manoeuvre and
the one with its continuation), in which neither
the abandoning the overtake manoeuvre nor
the one to continue it is sure.
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