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Since the invention of locomotives in the 1800s, the way trains are 
powered has changed beyond all recognition. Formerly powered by 
burning solid fuel to generate steam, trains today run on a mix of either 
pure electric, diesel-electric, or gas-turbine engines.  

 
Electrical trains rose to prominence in the early-20th century. Some of 
the first appeared in around 1910 with the opening of the Hudson River 
Tunnels on the New York mainline. 
As these tunnels were so long, steam locomotives were prohibited from 
being used, due to the dense fumes they generate. An alternative way of 
moving trains was needed, and the electric train was born. 
Over the next few decades, electrical trains became more popular around 
the world and were notably used for various high-speed projects around 
the world. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
[Note: Trains are the mode of transport of land that is used to cover long distances, there are 
several carriages and coaches attached to it to increase its capacity. 
Trams are also a land mode of transportation and are used to cover shorter distances as compared 
to the distance covered by a train. 
Regenerative braking is a way of taking the wasted energy from the process of slowing down a 
car and using it to recharge the car's batteries.] 



 
TRAM 
Trams have flanged wheels and 
run on rails like a train [whether 
on reserved track like most 
railways or in streets on grooved 
track] 

 
 
 
 
 
 
 

 

 

Trolley buses or tramways 
supplied with DC supply 
(i.e., battery electric drives) 

 
TROLLEY BUS 
Trolleybuses have conventional 
rubber tyres for ordinary road 
surface and are essentially 
electrically   powered   buses. 



 
 
 
 
 

 
Drawbacks of Electric Traction 

 Electric traction system involves high erection cost 
of power system. 

 Interference causes to the communication 
lines due to the overhead distribution 
networks. 

 The failure of power supply brings whole traction 
system to 
stand still. 

 In an electric traction system, the electrically operated 
vehicles have to move only on the electrified routes. 
Additional equipment should be needed for the 
provision of regenerative braking, it will increase the 
overall cost of installation. 



 
 
 
 
 

 
1.2 System of Traction In India 

Traction system is normally classified into two types based on 
the type of energy given as input to drive the system and they are: 

1. Non-electric traction system. 

2. Electric traction system. 

3. Non-electrictraction system: 

Traction system develops the necessary propelling torque, which do not 
involve the use of electrical energy at any stage to drive the traction vehicle 
known as electric traction system. 

Ex: Direct steam engine drive and direct internal 
combustion engine drive. 

2. Electric traction system: 

Traction system develops the necessary propelling torque, which involves 
the use of electrical energy at any stage to drive the traction vehicle, known as 
electric traction system. Based upon the type of sources used to feed electric 
supply for traction system, electric traction may be classified into two groups: 

A) Self-contained locomotives. 

B) Electric vehicle fed from the distribution networks. 



 
 
 
 
 

 
2. Track Electrification 

Now a day, based on the available supply, the track 
electrification system is categorized into: 

1. DC system. 

2. Single-phaseAC system. 

3. Three-phase AC system. 

4. Composite system. 
1. DC system: 

In this system of traction, the electric motors 
employed for getting necessary propelling torque should be 
selected in such a way that they should be able to operate on DC 
supply. Examples for such vehicles operating based on DC 
system are tramways and trolley buses. 



 
 
 
 

 
The operating voltages of vehicles for DC track electrification system are 
600, 750, 1,500, and 3,000 V. Direct current at 600 750 V is universally 
employed for tramways in the urban areas and for many sub-urban and main 
line railways 1,500 3,000 V is used. 

*The DC system is preferred for suburban services and road 
transport where stops are frequent and distance between the stops is small*. 

2. Single-phaseAC system: 

In  this system of  track  electrification, usually AC series 
motors are used for getting the necessary propelling power. The distribution 
network employed for such traction systems is normally 15 25 kV at 
reduced frequency of 25 Hz. The main reason of operating at reduced 
frequencies is AC series motors that are more efficient and show better 
performance at low frequency. 

These high voltages are stepped down to suitable low 
voltage of 300 400 V by means of step-down transformer. Low frequency 
can be obtained from normal supply frequency with the help of frequency 
converter. 
*AC system is mainly preferred for main line services where the cost of 
overhead structure is not much importance moreover rapid acceleration 
and  retardation is  not  required  for main line services*. 



 
 
 
 
 
 

3. Three-phaseAC system: 

In this system of track electrification, 3- induction 
motors are employed for getting the necessary propelling 
power. The operating voltage of induction motors is normally 
3,000 3,600-V AC at either normal supply frequency or 16 - 
Hz frequency. 

Usually 3-  induction motors are preferable because 
they have simple and robust construction, high operating 
efficiency, provision of regenerative braking without placing 
any additional equipment. 

The main disadvantage of such track electrification 
system is high cost of overhead distribution structure. This 
distribution system consists of two overhead wires and track 
rail for the third phase and receives power either directly 
from the generating station or through transformer substation. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
With two wires, they have to connect to them with poles, because the two 
sides of the circuit have to be kept apart. 
Trains, by contrast, are grounded through the rails and therefore need only 
one wire above. 



 
 
 
 
 
 
 

 
Power conversion for DC systems tends to take place at a railway 
substation using large, heavy, and more efficient hardware 
compared to AC systems. 
Power conversion for AC systems, on the other hand, tend to 
convert current to AC onboard the train where space is limited 
and losses can be significantly higher. 
Whichever is chosen is usually a trade-off between these 
considerations, but can also be dictated by existing 
infrastructure. 
DC consumes less energy compared to an AC unit for operating 
the same service conditions. The equipment in the DC traction 
system is less costly, lighter, and more efficient than an AC 
traction system. It also causes no electrical interference with 
nearby communication lines. 



 



 



 



 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 
 
 
 

 
Pantograph 
The main function of pantograph is to maintain link between overhead conductor 
and power circuit of locomotive at different speeds of the vehicle under all wind 
conditions. It collects the current from overhead conductor and supplies to rest 
circuit. 
Circuit Breaker 
It protects the power circuit in the event of any fault by isolating it from the supply. 
It also isolates the circuit during maintenance. 
Transformer 
It receives the high voltage from overhead conductor via pantograph and circuit 
breaker and then step-down the voltage to desired level required by the rest circuit. 
Rectifier 
It converts a low voltage AC supply from the secondary of transformer to a DC 
supply. 
DC Link 
It connects the rectifier and inverter circuits. It consists of filter arrangement 
(capacitor and inductor arrangement) that filters the output from rectifier (by 
removing the harmonics form it) and then supplies it to the inverter. 
Main Inverter 
It converts the DC power to three phase AC power in order to drive three phase AC 
motors. 



 
 
 
 
 
 

 
Axle Brush 
It acts as a return path for the supply. Once the power is drawn to the 
locomotive from overhead system, the current complete its path through axle 
brush and one of running tacks. 
Auxiliary Inverter 
This inverter supplies the power to other parts in the locomotive unit 
including fans, motor blowers, compressors, etc. 
Battery 
It supplies the necessary starting current and also power up the essential 
circuits such as emergency lighting. 
Compressor 
It maintains the cooling/heating requirement in the locomotive unit. 
Cooling Fans 
These fans maintain the necessary cooling for the power circuits. Modern 
locomotive systems use electronically controlled air management systems to 
keep the desired temperature. 



 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 



 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 


