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Improvement of efficiency and reliability in Light Railway Vehicles 
through estimation algorithms based on multitechnology integration 

Research Activities:

Rail Transport 
Systems:

Need to introduce new technologies 
able to ensure high efficiency and reliability 

• Idea: 
Streetcars are sometimes required to cover  
distances of several hundreds meters in 
catenary-free mode to satisfy two main 
requirements: 
1) safety, for moving vehicles to a station in 
case of catenary line fault; 
2) conservation of old towns, avoiding the 

presence of catenary in historical places. 
The idea was to find a method for properly
sizing a supercapacitor storage system able to 
supply the energy required by a real streetcar
along an assigned track in catenary –free 
operations.

Due to large weight and volume 
needed by energy recovery systems, their 
oversizing must be avoided, limiting the 
storage capacity to the minimum value 
required by thmission

• Methodology: 
Experimental tests have been carried out on an 
experimental streetcar vehicle, with the aim to 
evaluate energy losses in the various sub-systems:

• Development:

• Results:

• Idea: 
Speed sensorless control represents an awkward
challenge for traction railway vehicles, due to 
presence of slip and slide conditions, anti-roll
back  conditions, zero speed operations and 
repowering operation at high speed. 
Implementation of speed sensorless control in 
high power drives for railway propulsion
systems, brings major reliability and cost
reduction.  An indirect knowledge of speed 
signal, delivered on modern high-speed vehicle
network  could be beneficial in some typical
traction applications.

• Methodology: 

• Development: 

• Results (achieved at present):

• Idea:
A traction vehicle is usually requested to perform 
a route operating in sequence: acceleration, 
cruise, coasting and braking phases. As in urban 
travel the distance between two consecutive stops 
is short, so cruise operation is limited  in favor of 
traction and deceleration phases. Operation in 
coasting and braking allows both energy-saving, 
as slow down is obtained in  inertial either 
regenerative way. Two vehicles, equipped with IM 
and PMSM have been compared from the 
energetic point of view by focusing attention to a 
deceleration part of speed time diagram 
consisting of inertial and braking phases, in order 
to achieve max efficiency. 

• Methodology:

• Development:

• Results (achieved at present):
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slope 0 %

slope 0.6 %

slope 0.85 %

slope 1 %

IM PMSM

Motor Power 127.68 127.55 kW

Motor Torque 647 812 Nm

Motor Speed 1884 1500 rpm

Motor Pole Pairs 2 4

Motor Phase to 
Phase Voltage

413 285 V(rms)

Motor Current 291 314 A(rms)

Inverter Modules CM1800HCB34N CMH1200DC34S

Inverter 
Switching 
Frequency

1000 2000 Hz

dc Voltage 750 750 V

Vehicle

Total Mass (empty ÷ full) 52÷68 52÷68 

Maximum Acceleration 1.1 1.1

Maximum Deceleration 1.1 1.1

Cruise Speed 90 90

Wheel Diameter 0.68 0.68

Mechanical Gear Ratio 5.5 5.5

Mechanical Gear Efficiency 0.91 0.91

2/m s

/km h
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Simulation Results : Case 1
Coasting Braking

IM PMSM IM PMSM

dc-Link Energy      [Wh] 24 5.1 -107 -138
Electrical Energy    [Wh] 16 2.3 -113 -143
Mechanical Energy [Wh] 6.1 1.9 -156 -158
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Simulation Results : Case 2
Coasting Braking

IM PMSM IM PMSM

dc-Link Energy    [Wh] 0.4 0.29 -107 -138
Electrical Energy    [Wh] ~ 0 -0.13 -112 -143
Mechanical Energy [Wh] ~ 0 -0.14 -156 -158

t1 t2 t3 t4 t1 t2 t3 t4

Case 1: reference torque is set to zero and switches are controlled

Case 2: reference torque is set to zero while switches are open

Next Developments :

Cooperations:
• Hitachi Rail Italy – a Hitachi Group
• Group of Power Converters, Electrical Machines and Drives – DIETI - UNINA 

 Determine a Speed Sensorless Control specific for Rolling Stock
 Determine an algorithm to optimize energy efficiency of speed profile for IM  or PMSM 

vehicles and their drive (ecodrive)

Re-powering at unknown speed  Operation at zero speed region 

Starting-uphill condition  

t0 t1 t2 t3 t4

Vehicle Supercaps stack Traction units Auxiliary units

N. of wagons 5

N. of modules  
in series

4
N. of inverters 4

N. of
inverters

2
Data of each module

Length [m] 32
Rated voltage 

[V]
125 N. of motors 4

VSI switching 
frequency 

[kHz]
2

Weight (empty
vehicle)  [ton]

39
Capacitance

[F]
63 Type of motors IM

Rated power 
of each 

inverter [kVA]
30

Wheel
arrangement

B02B0
Energy
[Wh]

102
Rated power of

each motor [kW]
105

Power
devices

IGBT

Cruise speed
[km/h]

70
Weight

[kg]
59.5

VSI switching
frequency [kHz]

1

Catenary DC 
Voltage [V]

750
Volume

[m3]
0.086 Power devices IGBT


