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Railway Electrification - A Primer 

By Barbara A. Levine, P. E.*

Introduction
Railway electrification in Israel is an interesting subject, with not many 
details reported in local popular and technical press publications.  We 
will look at the subject further in this paper.  As a beginning, Railway 
electrification can be divided into two major subjects, light rail 
electrification (including vehicles operating at-grade or underground 
which are transit-based and operate relatively short distances at lower 
speeds), and heavy rail electrified railroads (which have larger width 
vehicles, multi-car, and operate longer distances and at higher speeds 
than the light rail systems).  This paper will deal primarily with the 
technical aspects of heavy rail electrification (such as that which would 
be used on Israel Railways), rather than light rail electrification such 
as the LRT currently operating in Jerusalem and the Red Line LRT 
project currently under construction in Tel Aviv.
Light rail electrification is typically characterized by 750 volts 
direct current and transmitted to the vehicle either by third rail or 
by overhead wire system (catenary).  Heavy rail electrification also 
including high speed systems are characterized by 22 kV or 25 kV 
alternating current (commercial frequency) systems.  Older systems 
also used 11 kV, 15 kV, 12.5 kV or lower voltages, using commercial 
frequency, 25 Hz, 16 2/3 Hz or 60 Hz.  Heavy rail systems utilize 
overhead wire systems, typically two- or three- wire catenary 
systems, which are further discussed below.
The currently operating LRT line in Jerusalem uses 750 v DC and 
a single overhead wire (contact wire) delivery system.  The Israel 
Railways electrification project, under construction, utilizes 25 kV 
AC electrification and a two-wire overhead catenary system of 
delivery (messenger and contact wires).  The Gush Dan LRT system, 
also under construction will utilize a 1,500 v DC electrification and a 
two-wire catenary system of delivery (messenger and contact wires).

History and Basics
Railway electrification is a well-known technology with initial 
systems being designed and installed in the early 20th century, 
both in Europe and in the USA.  These electrified railroads were 
used both for freight (goods) and passenger services, typically both 
operating at the same time.
Electrified railroads replaced diesel and steam operated railroads.  
The major advantages of an electrified railroad include:
 Lower maintenance costs,
 Higher reliability and longer total life of engines,

 Higher power and operating adhesion of wheels-to-rails,
 Independence from petroleum-related supply and utilization issues,
 Environmentally friendly – less vehicle emissions, lower 

generated noises, and
 Enhanced start/stop characteristics which allows closer spacing 

of trains.
The major disadvantage of an electrified railroad is that the initial 
cost is higher, because there is the issue of the overhead catenary 
system, the electric substations that supply the electric energy and 
the complications that are introduced by the need for the overhead 
catenary system.  Electrification is more advantageous because the 
maintenance costs are very much lower and the total vehicle life is 
more than double that of diesel-powered vehicles, so the total life 
cost of an electrified railroad is significantly cheaper than that of a 
diesel-powered railroad. 

Major Elements in Electrified Railroad
The following are the major components that comprise an electrified 
railroad:
 Electric Substations – these are the electric substations which 

accept power from the electric utility company and transform/feed 
it to the electric vehicles and provide electric protection systems, 
switching and circuit breakers,

 Catenary System – this is the delivery source of power for 
the trains and consists of one wire (grooved contact wire) or 
two wires (messenger and contact wire).  The contact wire is 
grooved to allow a clip to be fixed on the top side.  The tension 
in the contact wire is maintained by either of two systems – the 
constant tension system where the ends of the contact wire 
are affixed to weights, or the variable tension system where 
the wire is tensioned and then directly affixed to support 
structures. The catenary position and design is sensitive to 
the horizontal and vertical track alignment, trackwork details, 
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passenger station locations, traction substation locations and 
design vehicle speeds.  High speed electric railroads have 
catenary systems of two wires or more that can be used at 
vehicle speeds of 160 kilometers per hour or more.  Single 
wire catenary systems are intended for slow speed applications, 
LRT systems and others where the maximum speed is no more 
than 60 kilometers per hour. The catenary system must be 
able to carry the current (several thousand amperes) remain 
in line with the route and withstand wind, extreme cold, and 
heat and other hostile weather conditions.  Catenary types can 
be simple stitched (where additional wire is used to ease hard 
spots around connections at structures/poles, and compound 
catenary (where there is a third, or auxiliary wire between the 
messenger and contact wires),

 Other Aerial Wires and Return Circuits – Because an 
electric railroad needs a complete circuit to power the electric 
engines, additional aerial cables and the return circuit are 
required.  Additional serial wired can include aerial ground/
return wires mounted on the outside of the structures, and the 
return circuit provides the pathway for the electric energy 
to return to the substation.  The return circuit is usually the 
steel rails of the railroad, which means that they must be 
connected in a continual way, so that the current passes freely 
through the rails.  This means that insulated rail joints or other 
discontinuities must have connectivity jumpers around them 
to allow the electric current to pass freely.  Also, typically in 
passenger stations there is a ground wire connected in parallel 
to the rails so that passengers cannot contact energized return 
circuits.  The entire rail return structure is connected to earth as 
well so that the electric potential on the rails is not dangerous 
to anyone coming in contact with them, 

 Electric Engines and Pantograph – Modern electric engines take 
the current from the catenary via the pantograph and then pass it to 
internal transformers, rectifiers and other equipment which power 
the engine’s traction motors, internal equipment, fans, compressors, 
etc which provide environmental control, and internal electric 
energy needs of the drive cabin and of the train coaches.  The 
traction motors are AC if the catenary power is AC, as is the case 
with most electrified railroads.  If the catenary power is DC (such 
as Gush Dan LRT electrification) the traction motors are then also 
DC.  From an electrification perspective, the most critical element 
of an electric engine is the pantograph.  This device, mounted on 

the roof of the electric engine, has a collector head which rides 
along with upward pressure on the catenary contact wire, allowing 
the electric current to flow from the contact wire through the 
pantograph into the engine’s electrical equipment.  The collector 
head has a pair of wear strips which provide a very low friction 
sliding contact with the bronze contact wire. The pantograph can 
be raised or lowered from the catenary contact wire by command 
from inside the engine drive position, and 

 Command and Control Center(s) – These are the command and 
control location(s) from which the electric railroad is operated, 
supervised and tracked.  Typically, the electrification operation, 
monitoring and fault detection system (SCADA) is also controlled 
from the central control center.  The vehicle status, operation and 
monitoring as well as the signaling and communications control 
systems are also supervised and controlled from the central control 
center. 

Interfaces to Other Systems
Electrified railroads have interfaces to other critical systems which 
are essential for operation of the railroad, but which are not as 
significant, if at all, to diesel operation railroads.  The three major 
interfaces relevant to electrified railroads are:
 Physical clearances – Because the electrified railroad has 

a catenary system requiring supporting structures, adequate 
clearances must be provided between tracks for foundations, 
poles, catenary balance weights, aerial disconnect switches, 
sectionalizing switches, as well as for electrical clearances which 
are required under all conditions of excessive wind, and electrical 
operating clearances, 

 Track Design and Maintenance Standards – Track alignment 
6
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design and maintenance standards must be coordinated so that 
the electric engine pantograph remains correctly positioned 
beneath the catenary contact wires under all conditions, adverse 
and otherwise.  These can include conditions of adverse weather, 
operations over crossovers and turnouts, etc., and

 Signaling and Control Systems – Because electrified railroads 
have their return current passing through the rails, any signaling 
system which utilizes the rails in any manner has to be carefully 
coordinated so that operation of the signaling system is not 
affected by the traction return current.  Also, electromagnetic 
fields generated by the traction return current can interfere with 
any signaling or communications equipment mounted near the 
rails, also including any equipment mounted directly on a rail 
which contains traction return current.  Again, proper coordination 
is required so that these effects do not interfere.

Operation Characteristics
Typical electrified railroad operation has several major 
differences from diesel operated railroads.  Primary on this 
list is the fact that electrified railroads can operate with closer 
leading/trailing moves because of acceleration – deceleration 
characteristics of electric traction motors. This means that 
vehicles can be operated closer together in terms of schedule 
time, thus increasing the vehicle throughput for the same physical 
track structure.  The second major factor is the characteristic of 
electrified railroads that the movement of vehicles is very quiet 
as compared with diesel-powered engines.  This means that an 
approaching electric vehicle will not be easily heard.  There can 
be very severe effects at level crossings where electrified trains 

operate.  In fact, electrified railroads in the USA which had level 
crossings have pretty much eliminated all of them for the safety 
- related issue.  Especially with Israel Railways electrification, 
where operation of diesel-powered vehicles is well known by the 
public, especially around existing level crossings, not being able 
to hear an approaching electric engine could have catastrophic 
results for anyone trying to pass at a level crossing.
The other issue relating to road crossings at electrified railroads 
having overhead catenary is the vertical clearance for road vehicles 
to pass safely under the energized catenary wires.  In major 
electrified railroads today, the voltage at the catenary is 25,000 v 
AC and the passing clearance required underneath the wires is not 
trivial.  Fortunately, there are well-established standards, codes and 
working clearances that are applicable to this situation, so appropriate 
guidance is easily found.

References
 Sources for reference to the various aspects of railroad 

electrification are readily available in the English language as well 
as in several European languages.  Many are available online on 
the Internet and are free for the asking.

 Unfortunately, there are very few, if any available references for this 
subject in the Hebrew language.  This is due to a couple of reasons, 
namely that there is very little experience with railroad electrification 
in Israel that has been performed by Hebrew speakers, and second, that 
the very large amount of technical terms which are essential for railroad 
electrification have no equivalents (or translations) in the Hebrew 
language.  Perhaps, with the Israel Railways electrification project, 
the beginnings of technical documentation in Hebrew will appear.


