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ABSTRACT

Load flow of power distribution system of Tabriz urban
railway is analyzed in this paper. Dynamic load flow
behavior of electrified train sets and fault analysis is
considered in selecting the appropriate ratings of the
electrical equipments in the railway electrification system
through the study. The simulation and analysis of the power
distribution system is done with PowerWorld simulator
software.

I. INTRODUCTION

The Electrified urban railways play an important role for
metropolitan public transportation because of high
efficiency, heavy ridership and fast transportation. To
serve such a mass public transportation, the reliability of
the whole power network is significant for the full
performance of the urban railway system.

An electrified railway line resembles a typical power
distribution system but the major difference is the changes
in the positions of the trains called as the frequently
moving loads. To solve the power consumption of the
trains operation on the track, it is also necessary to
investigate the dynamic load behavior of the train along
the route. The dynamic behavior of the train loads mostly
includes starting and stopping time intervals near the
stations. Power demand varies over a wide range and a
load may even become a power source when regenerative
braking is allowed. Other factors such as train speed,
traffic and service schedule and track layout have also
great influence on the power demand of the electrified
railway system.

The electrical power system feeding the railway should be
designed so the voltages at the train sets are in the
admissible range and the conductor currents and
transformer powers are smaller that their rated values. The
over design problems of the railway power system during
the planning stage should be solved through load flow

analysis which can lead to appropriate selection of the ratings
of the transformers and feeder cables and enhancing the
operation efficiency of the power system. The power
substations have to be designed so that sufficient capacity can
be provided for the normal operation and the scheme of load
transfer can be implemented for the emergency condition
when one of the substations is outaged. It is necessary to find
the substation loading according to the ridership and operation
time table of the traction system [1,2].

In this paper, the power distribution system of Tabriz urban
railway is studied. The simulation is done with PowerWorld
Simulator software which has a high analytical and graphical
capability in power system simulation [3,4]. The loading
factor of distribution feeders is studied through the results, not
exceeding the limits.

I1. ELECTRICAL POWER SUPPLY SYSTEM
Tabriz urban railway is 18.5 kilometers long with 20 stations
which is fed through four 132/20 kV substations that feed 10
traction substations. In traction substations, the 20 kV AC
power is stepped down to 592 volts AC and converted through
12 pulse rectifiers to 750 volts DC and is delivered along the
track with overhead contact system. The total active power
demand of Tabriz urban railway is about 25 MW which is
supplied form Yagchian- 7 MW, Roshanayi- 6 MW, Golestan-
5 MW, Mashinsazi- 7 MW substations respectively. The
traction substations are located at stations 1, 2, 4, 6, 8, 10, 14,
16, 19 and 20 which have been connected in parallel. By this
way, the power source of each traction substation can be
switched from one bulk substation to the other in the case of
emergency outage of the related bulk substation, resulting in
increasing the reliability of the traction power distribution
system [5].

The whole traction system would be utilized in a few years
but the first 6 kilometers of the traction system is going to
start operation in 2006. The single line diagram of the AC
power distribution system feeding this part of the traction



system is shown in Fig. 1. The rest of the system has a
resembling structure.

track layout can be shown in Fig. 3 from the first station to the
last one.
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Fig. 1. Single line diagram of power distribution system for Tabriz urban

I1l. DYNAMIC TRAIN LOAD
For studying the load flow analysis of the traction power
distribution systems, the power consumption of the train
operation is necessary to be investigated and the
dynamical behavior of the traction system loads along the
route to be studied. Fig. 2 shows the typical speed profile
of a train set between two stations [6]. When the train
starts from the first station, it operates in constant
acceleration mode, shown in region I. As the speed
reaches 22 km/hour, the operation mode is changed to
constant power, shown in region Il. When the speed is
above 37 km/hour, the train set is operated with the
constant slip where the traction effort is inversely
proportional to the square of the train speed, shown in
region Il1. After the speed reaches the cruising speed, the
train operates with coasting mode without applying any
input propulsion power, shown in region IV. When the
train approaches the next station, the electric regeneration
braking is applied by operating the induction motors as
induction generators so that the kinetic energy of the train
set can be converted into electricity to achieve the energy
conservation, shown in region V. For each operation
mode, the power demand of the train set can be solved
based on the acceleration and various types of train
resistance. The track layout including route gradient and
curvatures of the traction system, the distance between the
adjacent stations and also the headway time of the trains
for different traffic and service schedules have also a great
effect on the dynamic load behavior of the traction
systems. So the power demand of the train sets of Tabriz
urban railway in accordance with their speed profiles and
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Fig. 2. Speed characteristics of the train sets with time and
place variations.
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Fig. 3. Power demand characteristics of the Tabriz urban
railway train sets form the first station to the last.

IV. POWER FLOW ANALYSIS
For performing power flow analysis of the power distribution
system of DC electrified railways, input train information,
route gradient and curvature, AC and DC network data,
operation timetable, and the ridership of the traction system
should be studied and analyzed for determining the accurate
input information. Then, the power demand of the train



performance according to the train speed, position and
motion equation should be analyzed. The power demand

_\\ "' ‘.I]:_
@.- >—33%—i' l
6911%MW x 1.4 1 #18%— 1AW J: 1MW
-1gMvar L LY D
MT—— J%m I_ M—Il r_z.c.“.%_ﬁ
A) 1.308MW ‘ . FJ- .

at the secondary side of the traction transformers at

traction

2 MW ¥ MW
f<—<—<—=:»—q—< 299 —<¢—<¢—4+—4—4+—<+M

.I J' AT oMY o 2MW 6.61%MW
10%‘1 —]

l 0.03%Mvar
4

Y ! WL 1MW
L — 20%: ¥ 1
bus?

1 ﬂI-T\r‘I'-. l
Jllm %;[ <of§

H v - buse s -
Py-e. 1:30fMw st
o0 bustl
150§t Leogw 1200 g 0l Lok L
010§ D10 ociter g 1ofier - Latghw " 7
I 0.208Mvar 0B 108N 1.sc§r4w
L BT o
busl 3 X lf" e
| 3% &
y N

1300w

bus4
0. 108vvar Lo

0.108var
150w
0.108Mvar

1500wy
0. 108Mvar

1200w

— AN e | 661EMwW
7N . | 2%7 | 0%—e
{ 0%} p o 0.03@Mvar
\"M‘/.“/J \ /
bus? buss
bus10 busil
1308w 1. 30EMwr
y LAOgMN
0108 g 10fwvar 0208 - Locfer ™ 1 o

0.10fMvar

0.208va o, ol

Fig. 4. Power load flow analysis of the AC distribution system, A)active power, B)reactive power.

substations should be done with DC load flow analysis.
Then, the AC load flow analysis should be done for
solving the loading of traction transformers at bulk
substations for each snapshot. In this paper, PowerWorld
Simulator software is used for power distribution system
analysis of Tabriz urban railway. Power load flow and
fault analysis of the AC distribution system feeding the
traction system is done with this software. So the stability
and the reliability of the traction system is investigated.
With performing load flow analysis during design period,
accurate ratings of electrical equipment can be achieved
and tested through simulation cases [7-9]. Fig. 4 shows
the active power load flow of the single line diagram for
Tabriz urban railway, simulated with PowerWorld. In this
simulation, buses 1 and 12 represent Yagchian and
Roshanayi bulk substations which both of them energize
the traction system with 3 feeders. The parameters of the
buses including the active and reactive power
consumption as the inputs of the simulation case which
can be changed with 0.1 MW or MVar variations and
voltage perunit and phase as the results of the load flow
simulation are shown in Table 1. The parameters of the
feeders between the different buses including active and
reactive power and loading factors are also shown in
Table 2 where the accuracy of the numbers are in 0.1.

For increasing the reliability of the traction electrical system,
it is necessary to design the structure of the power distribution
system in a way that it would be able to still be fed from other
feeders when a disconnection occurs in a feeder. Also it must
be able to feed the traction substations in peak load time
without being outaged or overloading, resulting in increasing
the reliability. For that reason, the electrical distribution
system as shown in Fig. 1 is designed to be able to feed all of
the traction substations without any problems such as
overloading. Through the simulation results, it is proved that
regenerative braking or heavy traffic schedule do not have any
great effect on the overloading problems of the electrical
equipment but feeder disconnection faults do have great
impact. For that reason, the results of fault analysis done with
PowerWorld Simulator are only shown below [10,11].

When the main feeders of the substations such as feeder 1-2 or
1-5 disconnects, the power system can be fed without any
problems. Although, when the feeders between the traction
substations such as feeder 3-4 disconnects, again the system
can be fed with no problems because the ratings of the feeders
are designed for fault conditions and also when a substation is
outaged, the required power demand can be fed through the
adjacent bulk substation with closing the circuit breakers of



feeder 6-7. The results of the mentioned faults in loading

factors are shown in Table 3 and Fig. 5. It is obvious that Table 2. Parameters of feeders of the simulated study case

the ratings of the feeders should be designed for fault and From Bus | To Bus P Loading
peak times. No. No. (MW) | Factor %
Table 1. Parameters of buses of the simulated study case 1 2 2 35

Bus No. | P (MW) Q(MVar) V(pu) | V (deg) 1 3 2 33

1 6.91 Gen. 1 Cons. 1 0 1 5 3 54

2 1.3 0.1 0.9997 | -0.19 2 3 0 15

3 13 0.1 09994 | -0.23 3 4 1 18

2 15 01 09985 | -033 g 2 1 290

5 1.6 0.1 0.9984 -0.30 6 7 1 0

6 1.2 0.1 0.9977 -0.41 7 3 1 20

7 13 0.1 0.9990 -0.07 3 9 0 5

8 13 0.1 0.9983 -0.16 9 10 1 16

9 14 0.1 0.9987 -0.09 10 11 0 10

10 1 0.1 0.9983 | -0.14 12 7 2 29

11 16 0.1 0.9987 | -0.09 12 9 2 24

12 | 661Gen | 0.03Cons. | 1 012 12 1 2 52
Table 3. Results of loading factors of feeders between buses while a feeder has been disconnected
Feeder 1-2]113|15(23[34|45|56]| 6-7 7-8 8-9 [ 9-10 | 10-11 | 12-7 | 12-9 | 12-11
Disconnect 1-2 0 54 162 |33 ] 11|19 ] 20 [ NC.| N.C. | N.C. [ NC.| N.C. | N.C. | N.C. [ N.C.
Disconnect 1-5 | 57 | 69 0 40 [ 72 | 56 | 20 | N.C. | N.C. [ N.C. | N.C. | N.C. | N.C. [ N.C. | N.C.
Disconnect3-4 | 29 | 22 | 72 | 13 0 30 | 20 | N.C. [ N.C. | N.C. | N.C. | N.C. [ N.C.| N.C. | N.C.
DisconnectB12 | 48 | 54 | 81 | 28 | 50 | 30 | 79 | 83 67 67 33 32 0 0 0

N .C. = No Changes.
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Fig. 5. Fault simulation of feeder disconnections for the study case, A)feeder 1-2, B)feeder 1-5, C)feeder 3-4, D)Bus 12.

V. CONCLUSION

For increasing the reliability of the power distribution
system of urban railways, it is essential to investigate the
power load flow analysis during designing. Therefore, it is
essential to study the loading factor of the electric power
distribution system in peak load time and also when a
feeder disconnection fault occurs while the power demand
of the train sets varies dramatically from time to time
during the journey from one station to the other. In this
paper, the power flow analysis for the DC urban railway
and AC distribution network feeding the traction system
of Tabriz was presented. The simulation was done with
PowerWorld Simulator software considering a sample
traffic schedule. Through the simulation results for peak
load flow and fault analysis the accuracy of the selection
of the feeder ratings can be proved.
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