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1981 1989 1994 2007
TGV

Paris-Sud Est
TGV

Atlantique Eurostar
AGV

GW EMU

Type
DC

Synchrounous 
rotor wound

Induction
Synchronous 

permanent 
magnets

Power, kW 535 1130 1020 1060
Weight, kg 1560 1525 1260 775/490
Ratio, kW/kg 0,34 0,74 0,81 2,16
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Cooling loop
Control Command

Capacitors

HV Interface

Power modules

Auxiliary converters

Size : 4,3m x 1,95m x 0,55mWeight : 2000kg
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Hydraulic connectors

Electrical connectors
Water plate

IGBT Pack

6,5 kV

Close control (driver)

Co-laminated bus-bar
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Segment & Product Key Drivers Some tentative trends

For all segments

1) Acquisition cost equal or lower
2) Better reliability (Increased MTBF)
3) Easier maintenance 
4) Better energy efficiency
5) Lower Life Cycle Cost 

1) New Active Components Introduction = SiC
2) Breaktrough in Passive Components
3) e-diagnostic

TRAMWAY Mass/volume reduction

Synergy with automotive & industrial  (600V regulated 
bus)
Energy management with ESC (Braking Rheostat 
suppression)

METRO
Volume reduction
Electric braking improvement

Synergy with automotive & industrial (600V regulated 
bus)
Full integration on boggie (inverter -motor)

REGIONAL    
Weight reduction New architectures including motor

Passive cooling system

TGV/AGV Weight reduction
Power increase

e-transfo
Higher bus voltage
Higher isolation of motors

LOCO Power increase
Higher bus voltage
Higher isolation of motors

Auxiliaries
Global Integration in the car
Noise reduction

New electrical and physical architecture
Extended passive cooling



�� � � �� � � � � �� � � � � ���� �� � �� -

� � � � � �� �

• � 
 ) � "
���� � �

• � � � �

• � 
 ! 	 � "
�#� �� � � ) ! �#! �� � 
%� 
�! � &� � � 


• � � � � �� � �� 
 �� � � ��
( � �� �� � � �	 � �
( � � * �! 
� 
�"�"  ��� &�!+! 
� �



�� � � �� � � � � �� � � � � ���� �� � �� .

19651965 19751975 19851985 19951995 20052005 YearYear

Slow THYRISTORS

Fast THYRISTORS

GTO

4,2 kV4,2 kV--1000A 1000A -- D = 75 mmD = 75 mm

2,2 kV2,2 kV--50 µs 50 µs -- D = 75 mmD = 75 mm

4,5 kV4,5 kV--3000A 3000A -- D = 85 mmD = 85 mm

6,5 kV6,5 kV--600A 600A -- 190x140190x140
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