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List of Abbreviations:

GUW����� track substation
FD ����� contact w ire
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I. Preface

The principal purpose of th is project is the development of a
solution for the power supply of trolley bus lines across open land
track sections.

The measurements during the test journeys served the
determination of the bus data as input data for the simulation, as an
energy -based line analysis and for verification of the simulation, as
well as for the inclusion of the geometrical data of the bus network.
Furthermore, weak spots in the network are supposed to be
identified by the measurements. On the following pages, the
individual kinds of test rides will be explained.

II. Determination of the bus data

Various bus parameters are necessary for the simulation as input
data. The bus data obtained from the data sheets to this end only
concerns the unladen mass and the allowed overall mass. All other
data were determined from test journeys. The maximum
performance, the efficiency factor during the acceleration and while
braking, the rolling resistance, the offset performance and the
performance regulation are all included in this.
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Fig. 1 : Test run overview
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Parameter Determination
a) constant acceleration until reaching the
b) maximum output ,
c) Power reduction from the limit speed vab.

Fig. 2 : P_max, I_max, P_offset

Poffset, Offset output with heating switched off

The offset output is that proportion of the total output which does not
serve the actuator. Auxiliary units like capacitor, fan, control unit, light
etc. are supplied by it .

Poffset was determined by calculating the average output during the
downtime during the test journey. These areas are identified as an
example in Fig. 2.
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The offset output affects the calculations of the efficiency. Furthermore, it
has a direct influence on the simulation, because it determines there, of
course, the energy consumption during all stationary phases.

Fig. 6 shows how problematic the measureme nt of the offset output is. It
differs clearly between the left and right standstill area (2.7 kW and 6.5
kW). There is a coasting phase in the middle where the offset output
amounts to only 0.5 kW. These differences would mean different
efficiencies from �=0. 80 to �=0. 91. Therefore, it was not the mean output
but the offset output, immediately before or after the acceleration
process, which was used for the efficiency calculations.

The long - term measurements show that the offset output during coasting,
wit h 0.5 kW... 1 kW, is probably significantly smaller than at a standstill.
Furthermore the offset output increases about 3 sec. before starting by
some kW. For the simulation, a uniform offset output was used for
stationary phases as well as for the coastin g phases.

Rolling resistance
The rolling resistance corresponds to the friction coefficient. It is
calculated from the coasting phases as the quotient of the delay during
coasting and the gravitational acceleration R= -aroll /g. Since the rolling
resistance is speed -sensitive, it was determined in each case as a mean
value from some coasting processes for the following speed ranges (van
Hool -Bus).

• 0...3m/s

• 3...6m/s

• 6...9m/s

• 9...12m/

• 12...13m/s

Efficiency factor
The efficiency of the bu s drive was determined both when feeding in as
well as during regenerative feedback. The efficiency while feeding was
determined from the starting process. It is calculated from the mechanical
energy which the bus gains when dirivng off and the electrical energy
which the bus consumes for the acceleration. The offset output is not
considered.
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Bus parameters and the extension section to Esch
The parameters for the simulation were determined on a test track in
urban areas at a maximum of 50 km/h and without g radient and were
used unchanged for the simulation on the extension track section. The bus
manufacturers have yet to address the following questions:

• Is the maximum performance uphill also available for a longer time
of up to 2 min.? In town, the speed range for the maximum
performance during acceleration is already e xceeded after approx. 5
seconds.

• Does derating uphill start at the same speed and does it have the
same magnitude as on a straight line?

• Can the back - fed electricity become as big as the fed - in electricity or
is it limited beforehand? Without limitation, regenerative feedback
electricity of up to 500A would flow when braking at a stop downhill.

• When braking downhill, is the pneumatic brake switched on? In the
simulation, this is not considered.

III. Infrastructure

On every line, the contact wire voltage, the overall electricity and the
speed was recorded in a van Hool -Bus across the whole d ay. In parallel,
the position of the bus was recorded by means of a GPS receiver in
addition.

These measurements serve to obtain line parameters as input data for the
simulation. To this end, the speed profile of the bus was evaluated at
various times of t he day and in various line segments. Furthermore, these
measurements serve for line analysis . To this end, the energy
consumption per km as well as its diurnal fluctuation is determined for
every line.

Long - term measurements of the lines
During long - term measurement, voltages, electricity, speed and
acceleration of the bus were recorded during the whole day consecutively
in intervals of 90ms. In parallel, there was a recording of the bus position
by means of the GPS logger at one second i ntervals.
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First, the measurement series were assigned bit by bit to the individual
journeys between the terminals. From these measurement series, the
following variables were calculated in the line analysis:

energy values

• fed in power, regenerated power an d power used in the braking
resistors /km

• Offset power with heating

line characteristic variables

• Line length

• Average speed

• Average acceleration during start -up and braking

• Journey time and delay

• Breakdown of the line into individual track sections with di fferent
traffic density

• Number of stops in individual track sections and at times of the
day with different traffic density

• Top speeds in individual track sections and at times of the day
with different traffic density

The simulation can then be verified w ith the results of the line analysis. In
Fig. 3 the energy fed in, the regenerated energy and power used up in the
brake resistors is shown as an average over the whole day for all lines.
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Fig. 3: Average energy balance all lines
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Fig. 4 : Offset output for all lines

Lines with high consumption and/or with high fed - in ener gy also have a
big offset output . This means that high energy consumption can also be
traced back to a high heating output.

Lines with high average speed have a lower energy consumption per km .
This, in tu rn, is due to the offset output , which can increase the energy
consumption per km at low speed. Although the offset output varies
greatly from line to line, the lower power requirement at lunch time  is
clearly recognizable.

Line characteristic variables

Mean speeds and accelerations
The mean speed of every line was determined without considering the
waiting periods in the terminals (Fig. 5).
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Fig. 5 : M ean speed of the lines

The mean accelerations were determined from the l ong - term
measurement of line 4.
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Fig. 6 : Speed line 6
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In accordance with Fig. 6 the number of additional stops and vmax was determined for all lines in every area . Number of
additional stops (black) and "mean" top speed ( red) in m/s. Additional stops and vmax are always shown for the three day
sections, specified in the form of morning / (after) noon / evening .
Lin e suburbs inner city outskirts
2 one way Walserfeld - H.-Schmid -Platz H.-Schmid -Platz - Mirabellplatz Mirabellplatz - Obergnigl

1/1/0 12/13/12 15/17/12 10/11/11 0/0/ -1 9/11/10
2 r eturn Obergnigl - Mirabellplatz Mirabellplatz - H.-Schmid -Platz H.-Schmid -Platz - Walserfeld

0/ -2/0 9/10/11 16/12/13 10/10/11 -2/ -1/ -2 12/13/12
3 one way S�d - Justizgeb�ude Justizgeb�ude - Hbf Hbf - Pflanzmann

0/2/ -1 13/12/13 5/8/5 10/8/10 -1/1/0    10/10/10
3 return Pflanzmann - Hbf Hbf - Justizgeb�ude Justizgeb�ude - S�d

0/0/ -2 9/10/9 6/8/5 8/8/8 1/1/0 13/13/12
4 one way Forelle - Esshaver Str. Esshaver Str. - Sterneckstr. Sterneckstr. - Daxlueg

1/1/0 10/11/11 5/6/1 10/9/10 -2/1/0 12/11/12
4 return Daxlueg - Sterneckstr. Sterneckstr. - Esshaver Str. Esshaver Str - Forelle

1/0/ -4 11/11/10 3/5/ -1 9/9/9 2/2/1 12/11/12
5 one way Birkensiedlung - Justizgeb�ude Justizgeb�ude - Hbf

-2/ -1/ -1 11/13/12 4/6/4 11/9/9
5 return Hbf - Justizgeb�ude Justizgeb�ude - Birkensiedlung

4/6/4 10/10/9 -3/0/ -1 12/13/12
6 one way Parsch - Unfallkrankenhaus Unfallkrankenhaus - Hbf Hbf - Itzling

1/1/ -1 9/9/11 3/4/3 8/8/10 1/3/0 10/11/11
6 return Itzling - Hbf Hbf - UKH UKH - Parsch

3/3/0 10/9/10 5/4/4 9/10/10 0/1/0 10/9/10
7 one way S�d - UKH UKH - Hanuschplatz Hanuschplatz - Salzachsee

2/0/ -2 13/13/14 3/1/0 10/9/10 2/3/0 11/10/11
7 return Salzachsee - Hanuschplatz Hanuschplatz - UKH UKH - S�d

7/6/4 9/9/10 2/1/1 10/11/11 2/2/ -2 13/13/14
8 one way S�d - Justizgeb�ude Justizgeb�ude - Schwedenstr. Schwedenstr. - Himmelreich

2/3/1 12/12/11 3/4/2 9/8/8 -1/ -1/ -5 12/12/10
8 return Himmelreich - Schwedenstr. Schwedenstr. - Justizgeb�ude Justizgeb�ude - S�d

0/1/ -4 10/12/10 5/5/3 9/9/9 1/2/1 12/13/12
10 one way Messe - Hanuschplatz Hanuschplatz - UKH UKH - Lankessdlg.

2/4/1 9/10/9 1/2/2 9/10/9 -1/1/2 10/11/11
10 return Lankessdlg. - UKH UKH - Hanuschplatz Hanuschplatz - Messe

-1/0/0 11/11/10 0/1/0 9/9/10 -3/1/0 10/10/10
14 one way Josefiau - Justizgeb�ude Justizgeb�ude - Kiesel Kiesel - Schmiedingerstr.

3/_/_ 11/_/_ 4/_/_ 8/_/_ 3/_/_ 10/_/_
14 return Schmiedingerstr. - Kiesel Kiesel - Justizgeb�ude Justizgeb�ude - Josefiau

10/_/_ 9/_/_ 5/_/_ 9/_/_ 2/_/_ 11/_/_

Tab. 1 : Area boundaries, additional stops and maximum speed
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Voltage curve
Every acceleration of the bus leads to a drop of the contact wire
voltage in the bus as a result of the electricity need. The cause is
the voltage drop on the overhead contact system (OCS) and to a
lower extent the internal resistance of the substations. The contact
wire voltage must not drop to less than 420 V. As an example, the
contact wire v oltage was examined for line 7.

Power measurements and contact wire resistance
During three night journeys, the entire trolley bus network was
driven through. All line courses were recorded by means of GPS,
including the height data. All stops, crossroads, supply points,
isolators, connectors and electrical shunts were marked. These
data serve for constructing the network in the simulation program .

Furthermore, contact wire voltage and bus electricity was recorded.
Since there were no other buses at night, conclusions can be drawn
from the current and voltage at the bus about the contact wire
resistance, includ ing the internal resistance, of the substation. With
a change of the bus electricity during acceleration or braking by the
amount �I, the voltage in the contact wire changes by �U. For the
sum total of overhead contact system (OCS) resistance and internal
resistance of the substation, the following applies at every point x in
track sectionsEFH EFZ EF EF.
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Fig. 7 : Contact wire voltage line 7, expanded
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Fig. 8 : Night journey line 5, U/I for resistance calculation

Voltage and current variations in the red areas were used for the resistance calculation. For this line section, this
results in the following overhead contact system (OCS)  resistance in Fig. 9:


