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INTRODUCTION

OVERVIEW Beijing —the capital city of China —is pushing ahead with
the upgrading and devel opment of the transportation-rel ated equi pment and
facilitiesin time for the opening of the Beijing Olympicsin 2008. A central
core of these devel opmentsisimprovementsto Beijing’ s metropolitan railway
network. Hitachi, Ltd. accepted bulk orders for and supplied complete sets
of electrical equipment for the subway trainson the No. 5 Line of the Beijing
Subway —the first subway constructed in accordance with the demands of
the Chinese Government and the opening of the Beijing Olympics. We
previously took charge of manufacturing of electrical equipment for the No.
13 Line, and the orders concerning the No. 5 Line were received thanks to
the good appraisal of our products for the No. 13 Line.

west through Tian’anmen Square), No. 2 Line (a

AS part of the attempts to reduce congestion
concerning urban transportation and improve urban
environments, underground train networks — aiming
to fulfill orbital transit around cities — are being
planned for each metropolitan areain China, and these
networks are aready being operated in several cities
in addition to Beijing, Shanghai, and Tianjin.

At present, the metropolitan rail-transit network of
Beijing consists of four lines: No. 1 Line (going east-

Beijing Subway construction plan map

central loop line), the Batong Line (continuing from
the east end of Line No. 1), and No. 13 Line (joining
academic areas in the northwest of the city with
residential areasin the northeast).

Of the four new lines of the Beijing Subway —
namely, theNo. 4 Line, No. 10 Line, and Airport Line,

TP4000 Seriesfor No. 5 Line of
Beijing Subway
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Fig. 1—External Appearance of
Subway Train of No. 5 Line of the
Beijing Subway and Map of
Construction Plan for New Routes
of Beijing Subway.
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Hitachi is accepting batch orders
for electrical productsto be
mounted on trains on No. 5 Line of
Beijing subway. Thisisthanksto
our favorable achievements
implemented on No. 13 Line of the
Beijing Subway.
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in addition to the No. 5 Line (for which Hitachi, Ltd.
received ajob | ot of orders) — now under construction
in time for the opening of the Beijing Olympics, the
No. 5 Line isthefirst to start commercial operation.
In addition, since Hitachi was in charge of
manufacturing the electrical equipment for theNo. 13
Line trains, and the results of those manufacturing
efforts were highly regarded, bulk orders for
manufacturing the electrical equipment of the No. 5
Line trains were also received.

The subway trains of the No. 5 Line are six-car
trainsin a“3M3T” arrangement (where “M” stands
for “motor” and“ T” standsfor “trailer”) and atotal of
192 cars were manufactured.

Thetrain (compartment body, bogies, and cabling)
was designed by Changchun Railway Vehicles CO.,
LTD., who manufactured 126 cars, and 66 cars were
manufactured by the Beijing Subway Rolling Stock
Plant. Hitachi tendered to take charge of the VVVF
(variable-voltage, variable-frequency) inverter
eguipment and traction motors, auxiliary power-source
units, air-conditioning units, train-monitoring system,
drive motors, and brake systems.

Therest of thisreport describesthetechnical details
of the electrical equipment for the trains of the No. 5
Line of the Beijing Subway — which are set up for
low environmental impact through improving energy
saving, reducing maintenance work, and improving
environmental friendliness.

OVERVIEW OF NO. 5 LINE OF THE BEIJING
SUBWAY

Passing north-south through the center of the
eastern part of Beijing, No. 5 Line of the Beijing
Subway — with atotal length of 27.6 km — includes
23 stations, starting from Songjiiazhuang in Fengtai
District in the south, passing through the commercial
and embassy district on the east side of Old Beijing,
and ending at Tian Tong Yuan Bei in the northern
residential areaof Changping Digtrict. Itsunderground
section of 14.7 km (53% of the total length)
incorporates 16 stations, and the rest of the line runs
on elevated tracks over a distance of 12.9 km (47%)
and incorporates seven stations. Connected to the
storage tracks at Songjiazhuang and rail yards at Tal
Ping Zuang, along its way from the south heading
north, No. 5 Line intersects with No. 2 Line, No. 1
Line, No. 2 Line again, No. 10 Line, and finaly No.
13 Line.

The planned routes for the Beijing Subway are
shownintheleftinset of Fig. 1. TheNo. 5 Line opened

for business on October 7, 2007, and its 192 cars are
running smoothly without incident.

OVERVIEW OF SUBWAY TRAIN

An external view of a subway train of the No. 5
Line is shown in the photo in Fig. 1. Each subway
train is composed of three types of car, that is, “Tc”
(trailer car with cab), “M” (motor car), and“T” (trailer
car). The main specifications of the cars are listed in
Table 1, and the running performance of the train is
listed in Table 2.

RUNNING PERFORMANCE OF SUBWAY
TRAIN

The No. 5 Line trains are fitted with an AC
(alternating current)-motor drivetrain (powered by a
750-V third-rail collector system) using VVVF
invertersincorporating | GBTs (insulated-gate bipolar
transistors). Asregards the control technology for the
drivetrain, speed-sensorless vector control and all-
electric braking-control are adopted. This vector
control technology improves response speed; as a
result, regeneration ratio and adhesion performance
are improved. Adopting the AC induction-motor
drivetrain and VVVF inverter leads to improvements
in energy saving, maintenance man-hours, and
environmental friendliness. The configuration and
characteristics of the drivetrain system are described
in the following.

Construction

(1) Themain circuit of theVVVF inverter unit consists
of two groups of motors, with two motors controlled
in paralel in each group, with power distributed in
parallel to each group autonomously (that is, to
drivetrain motors 1 and 3in onegroup, and to drivetrain
motors 2 and 4 in the other group).

(2) Theinverter-control system — that is, atwo-level-
inverter method — runstwo 180-kW induction motors
inparallel. The main-circuit connectionsof theVVVF
inverter unit are shown in Fig. 2, and the main
specification islisted in Table 3.

Features
(1) Speed-sensorless vector control

Speed-sensorless vector control estimates speed
from voltage and current, so it eliminates the need for
sensors. As aresult, maintenance of speed sensorsis
unnecessary, so the number of parts can be reduced
and, in turn, the reliability of the whole train is
improved. At the same time, applying vector control



TaBLE 1. Main Train Specifications
Main train specifications for power supply, pantograph system, track gauge, compartment organization, etc.
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Content

Power supply/collector system DC 750 V; third-rail collector

are listed.
It
num Item

1

2 Gauge (mm)

3 Car organization

4 Car dimensions (mm)

5 Riding capacity (persons)
Design car weight (t)
Maximum speed

8 Bogie/gear wheel

9 Traction motor

10  VVVFinverter unit

11  Control equipment

12 Auxiliary power device

13 Car-monitoring
equipment

14 Ventilation unit

15  On-board equipment

1,435
3M3T organization (Tc+M + T + M'+ M' + Tc)

Length: 19,000; width: 2,800; height: 3,800
Distance between bogies: 12,600

Tc carriage: 226 (36 seated)
M, M', and T : 243 (42 seated)

Tc: 30; T: about 29; M and M"; 35
80 km/h

“Bolsterless’ -type pneumatic-spring bogies; drive train/teeth number ratio: 7.69;
wheel diameter (newly manufactured)/770 mm (after maximum wear); axle gauge: 2,200 mm

180 kW squirrel-cage induction motor

PWM modulation-vector control 3-phase output IGBT/VVVF inverter control system
Fitted with electric-power regeneration control (transformer-station power absorber and cooperative control)
Control capacity: 1,400 kVA; main traction motor: 2 groups connected (1-3 and 2-4)

Power-regeneration/air-damping control system; fitted with skidding-control devices
Electric-motor-driven air compressor: 720 L/min

Capacity: 160 kVA; output: 380 V 3-phase 50 Hz

Data collection/records presentation and auxiliary control functions; passenger-support function;
maintenance-worker support function; ventilation equipment

25,000 kcal/h x 2 units per car
ATO system; ATP system; on-board wireless radio communication

Tc: trailer car with cab
M: motor car
T: trailer car

TABLE 2. Train Operational
Performance

Operational performance of the
train (e.g. maximum operating speed
and average operating speed) are
listed.

VVVF: variable-voltage, variable-frequency
PWM: pulse-width modulation
IGBT: insulated-gate bipolar transistor

ATO: automatic train operation
ATP: automatic train protection

AL Item Content
1 Maximum operating speed 80 km/h
2 Average operating speed 50 km/h (typical zones; not including stopping times at stations)
3 Scheduled speed 36 km/h (stop time at stations: 30 s)
. 0—40 km/h at 0.83 m/s?
4 Average acceleration 0—80 km/h a 0.5 m/s?
80—0km/h
. Regular maximum braking: 1.0 m/s?
D |ANEREIECEEEET Rapid braking: 1.2 m/s?
Emergency braking: 1.2 m/s?
6 Jerk ity Lessthan 0.75 m/s? (excluding during emergency braking and

main-circuit protection operation)

1
MS: main switch \
MF: main filter 1
HB: high-speed line breaker; |
DCPT: DC potential transformer!
GS: ground switch i
CHR: charge resistor = 1
LB: line breaker :
MSR: discharge resistor !

I
I
I

FL: filter reactor
OVT: over-voltage transistor

1
' Group 1 | @
1
L e
. | unified FrH
1 T
'\ [DCPT2 (l)VT inverter :
p | o i @
T |
GS
. o3} 12! w2 | )
) | MS&; ] FC 3-phase.i_ Fig. 2—Overview of Main Circuit of
1l ] OVTZ— unified [~ VWVF Inverter Circuit.
{MS' ocpT3 3 nverter fy The main circuit system consists of
(B .
OVT: ove . — i two groups of systems each with

two-motor parallel control.
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TasLE 3. Specifications of the VVVF Inverter
The main specifications of the VWVF inverter (devices, control
system, etc.) are listed.

Item Specification

Utilized device  IGBT device

* Three-phase-voltage two-level PWM modulation
inverter

* All-electric braking control

* Speed sensorless vector control

Control system

 Two three-phase 180-kW induction motor units
in parallel x two connected groups

lec ey | Compact, lightweight filterless/rotational speed

sensorless
Inverter output
. 1,400 kKVA (max. 724 kVA x 2 groups)
copacity ( groups)
Operation com- L
mand signal PWM modulation signal
Cooling system Natural cooling (reduced number of parts;

reduced maintenance/ improved reliability)

improves control precision; consequently, response
speed of the electric-motor control is increased, and
the adhesion utilization ratio of the wheels can be
exploited to the very limit.
(2) All-€electric braking control

Aiming to improve ride quality when the train is
decelerating during braking and reduce brake nose
noise, all-electric braking control is adopted. This
control system can control braking al-electricaly to
the point that the train is on the verge of a complete
stop, and electric braking can be operated until the
verge of stopping. If the braking force is insufficient
or invalid, the electric braking is supplemented by
auxiliary pneumatic brakes or, if that is not sufficient,
the pneumatic brakestake over completely. Theelectric
brakes and the pneumati ¢ brakes smoothly switchover
automatically with a minimum of jerk. As a
consequence of thisbraking system, wear of the brake
shoes on the wheels is reduced, and the role of the
electric-power regenerative brakes (for economization
of power consumption) is enhanced.
(3) Maintainability

The inverter unit has “longitudinal box-type”
structure (i.e. “long” inthelengthwisedirection of the
cars) so that it can be accessed from one side of the
train. Asfor theinverter unit, circuit breakersare built-
in, so the amount of wiring fitting-out is reduced, and
the terminals for the TMS (train monitor system) are
also built-in. As a result of this configuration, the
amount of wiring work for the inverter and TMS

Fig. 3—External View of VWVVF Inverter.
Theinverter is configured as a “ longitudinal-box construction”
so it can be handled from the side of the car body.

equipment isreduced, theinverter unit ismore compact
owing toitsbox-like configuration, and maintai nability
is improved by placing the logic units and TMS
terminals close to each other. An external view of the
inverter isshownin Fig. 3.
(4) PWM operation command signal

The signaling for operation commands utilizes
PWM (pulse-width modulation), so command-signal
reliability isimproved, and the amount of cablefitting
for the command linesis reduced. An analog voltage
signal isoutput from the master controller, that signal
isconverted to aPWM signal by an encoder unit, and
the PWM signal issent to theVVVF inverter and brake
equipment. Furthermore, in addition to the analog
signal, theencoder unit can receivedigital signalsfrom
the main controller unit, ATO (automatic train
operation) unit, and braking equipment, and can switch
between three kinds of operation mode: (a) manual
operation by master controller, (b) ATO operation, and
(c) railway-train forwarding-hauling operation

Auxiliary Electric-power Systems

Theauxiliary electric-power systemisused for the
power source for controlling each train system (i.e.
air-conditioning units, heater units, lighting, and
battery chargers), and for the power sources for the
train-monitoring system, on-board signaling
equipment, and communication equipment. The
construction and features of the system are described
in the following sub-sections.
(1) Construction

The main-circuit system of the auxiliary electric-
power system adopts IGBT devices in a high-speed
circuit breaker, and is composed of a DC (direct-
current) filter circuit, apower unit, an AC filter circuit,
and a transformer. And it applies two-level inverter
control to provide an output capacity of 160 kVA.
Voltagesof DC 110V and DC 24V arerectified from
AC 380V by AC/DC corversion. An external view of
the auxiliary electric-power system and its main



Fig. 4—External View of Auxiliary Power Unit.

Snce a three-phase output line is connected full-time, even in
the case that one of the auxiliary power-supply units stops, the
power is not cut off to any of the cars.

TaBLE 4. Specifications of Auxiliary Power-supply Unit
The main specifications of auxiliary power-supply unit (output
voltage, inverter output capacity, etc.) are listed below.

Item Specification

Output voltage AC 380V, 3-phase, 50 Hz, DC 110V, DC 24V

Inverter output

capacity 160 kVA

Three-phase-voltage two-level PWM inverter

Clril sy Parallel operation system

High-speed

gy IGBT deviceisused.

Natural cooling (reduced number of parts;

Cooling system | 4 i maintenancelimproved reliability)

specification are given in Fig. 4 and Table 4,
respectively.

(2) Features

(a) Connected in paralel, the auxiliary electric-power
units employ a parallel-running control method for
feeding power. Accordingly, since a three-phase
power-output line is always connected by means of
this in-parallel running control, in the case that one
auxiliary unit is shutdown, none of the power supplies
to any of the carsis cut-off. That isto say, eveninthe
casethat DCinput of theauxiliary power-supply units
on one side is cut-off when the train passes a section
of thethirdrail, stable power supply to thewholetrain
is maintained. The schematic configuration of the
auxiliary power-supply system isshownin Fig. 5.
(b) In the case that two static-type inverters are in a
normal state, one static-type inverter transmits load-
assignment information between the two static
inverters, and the optimum power supply for a
particular load is supplied. In the case that one static-
type inverter breaks down, the other inverter (still in
normal mode) takes on the power-supply load for the
six-train configuration. At that time, the load of the
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Fig. 5—System Configuration of Auxiliary Power-supply Unit.
The system configuration of auxiliary power-supply unit (used
for supplying air-conditioning units, car-monitoring units, in-
car signaling units, communication devices, etc.) is shown.

air-conditioning unitisreduced by half. Utilizing IGBT
devices for the IVHB (inverter high-speed breaker)
and fitting the [IVHB insidethe auxiliary power-supply
system makes the system more compact and reduces
itsweight.

TRAIN-MONITORING SYSTEM

As well as collecting, recording, and presenting
information, the train-monitoring system is a highly
functional type providing functions such as auxiliary
control of air-conditioners. By bolstering thetrain-crew
support functions and maintenance-support functions
along with the standard functions, the efficiency of
train operation and maintenanceisimproved. Inregard
to operation state and failures of the main train
equipment, data is collected, recorded, and presented
automatically. Thedataisreadout from various readout
devices, and the results can be printed out.
(1) Configuration

The train-monitoring system is composed of a
touch-sensitive, color LCD (liquid crystal display)
panel in the driver’s cabin, central monitoring units
mounted in rectifiersin Tc cars, VVVF invertersin
T and M cars and monitoring-station units equipped
in the power-receive/supply equipment. These
devices are connected by a backbone transmission
channel at a bit rate of 2.5 Mbits/s. The backbone
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Fig. 6—Configuration of Car-monitoring System.

The car-monitoring systemis composed of driver’s-cab display devices, monitoring devices at the center of
car Tc, and VWVF invertersin M and T cars as well as monitoring terminals fitted in receiving/feeder devices.

transmission employsthe ARCNET (attached resource
computer network) protocol, resulting in compact
circuitry and a high-reliability transmission channel.
Each central station and terminal station have RS-485
serial transmission interfaces, so two-way
communication between each equipped device (such
as inverters, brake units, and air-conditioners) is
possible. Thetransmission protocol complieswiththe
HDLC (high-level datalink control), so international
serial communication with each device is
accomplished. Moreover, the capturing of the signals
on each cabling line for each car is done via paral€l
interface. The configuration of the train-monitoring
system is shown schematically in Fig. 6.

(2) Performance and features

(@) Inspection on departure (such as checking opening
and closing of doors, train start-up, and braking) can
be carried out beforethetrain leavestherail yard. And

the principle status of the train can be displayed.

(b) Self-diagnosis functions automatically check-out
the train on start-up, and the diagnosis results are
displayed on monitors.

(c) Therearefunctionsfor supporting train-crew work,
and in addition to functions for displaying train
information for drivers in the conventional manner,
thereisa“work sign display function” for displaying
work information (i.e. operating scheduleinformation)
concerning the train. There is also a function for
supporting crew duties such asdisplaying train status,
setting of terminal station and present station,
displaying failure/fault information and displaying
processing commands and traveling-plan information,
and setting of cooling and heating temperature of the
air-conditioning system.

(d) There is a maintenance-support function for
executing test-run measurements and recording of fault



Fig. 7—Examples of TMSDriver’s Cabin Displays.
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Displays of (a) work information, (b) malfunctions, and (c) fault records are shown.

information. In addition to conventional equipment-
monitor display functions, the train-monitoring system
has arunning-datarecording function for periodically
recording operation data concerning train equipment
and car bodies, ameasurement-recording function for
recording distance-traveled data and power
consumption of SIVs (static inverters), and power-
running and regenerative power of VVVF inverters,
and a test-running function for measuring braking
distance, acceleration, and decel eration. As aresult of
these functions, the user-friendliness of maintenance
is improved. Moreover, functions for performing on-
board checks— such as checking door opening/closing,
braking, air-compressors, and self-diagnosis— arealso
provided (see Fig. 7).

AIR-CONDITIONING EQUIPMENT

The air-conditioning equipment is attached to the
roof of the cars, and to set it within the train gauge,
slim-type air-conditioning units are adopted. The air-
conditioning units have a cooling performance of
50,000 kcal/h per car, provided by two units per car
(i.e., cooling performance of 25,000 kcal/h per unit),
and one unit is fitted on the roof at each end of each
car. An externa view of an air-conditioning unit is
showninFig. 8.

Three sets of refrigeration cycles are included in
each air-conditioning unit, and these three sets share
one evaporator unit. Asaresult, there are four control
levelsfor the cooling: strong (100%), medium (66%),
weak (33%), and air-blower. This is one more level
than conventionally available, so finer control of
optimum air temperature and energy saving can be
expected.

I
I
I

l
I
l

Fig. 8—External Appearance of Air-conditioning Unit.
Snce the unit is fitted within the boundary of the train car, a
low-profile air-conditioning unit could be adopted.

CONCLUSIONS

This report described the technical features of the
electrical components of a subway train that aims to
meet demands such as energy saving and good
maintainability, improvement of environmental
friendliness, and low environmental load.

A prototype with a two-car organization of the
TP4000 Series train of the No. 5 Line of the Beijing
Subway was completed in April 2006, and running
trialsof thetrain by Changchun Railway VehiclesCO.,
LTD. between April and May that year confirmed the
basic performance of the prototype. And from March
toApril, 2007, final verificationtrialsonthemainline
were executed, and predefined performance was
confirmed. After that, on October 7 that year,
commercia operation of the No. 5 Beljing Subway
Line started.

Continuing on from our work on the No. 13 Line
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of the Beijing Subway, Hitachi, Ltd. has supplied
several electrical products for the cars of the No. 5
Line. Itisanticipated that these el ectrical productswill
make significant contributions to the success of
passenger transit during the Beijing Olympics in
August 2008 and further development of train
transportation in Beijing City.
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