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Abstract: Signalling, a complex system is one of the most important infrastructures of 

railway service. The performance of railway signalling system depends on the functioning 

of a number of subsystems, such as panel, cable, relay, point and point machine, track-

circuit, signal, back indication, point-drive card, signal-drive card, and level crossing gate. 

Railway signalling system plays an important role for safe running of trains by preventing 

occurrence of accidents and minimizing the risk of the passengers, operating personnel, 

and railway infrastructure. Failure mode and effect analysis (FMEA) is applied to analyse 

the risk of these subsystems during the operating phase of railway signalling system. Risk 

is measured in terms of Risk Priority Number (RPN), which is a product of occurrence, 

severity, and detection. It is observed that point and point machine, signal, and track-

circuit are the critical subsystems of railway signalling system. 
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1.  Introduction 

 

Railway signalling system is the vital means of informing drivers of approaching trains 

about the state of the line ahead, but of equal importance is ensuring that the signals 

shown are correct. This is achieved by interlocking all relevant signals and points to 

prevent signals being shown for conflicting movements. The good and efficient 

communications between the operating signals is also vital to functioning a safe running 

of trains. It is observed that the signalling system also controls the movement of a train on 

the flanged steel rails so as to prevent the occurrence of accidents, ensuring the safety of 

the passengers. This suggests that the efficient performance of signalling system 

minimises the risk to the passengers as well as operating personnel. To further reduce the 

risks of the passenger the analysis and measurement of performance of signalling system 

is required and may be done by a well-proven tool and technique, viz. failure mode and 

effect analysis.  

FMEA, which was first developed by the aerospace industry in 1960s, is a powerful 

technique for reliability and safety analysis of a engineering system [7]. Since then, 

several industrial FMEA standards, such as the Society of Automotive Engineers, US 

Military of Defence, and Automotive Industry Action Group employ the Risk Priority 

Number (RPN) to measure risk and severity of failures [9]. 
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RPN is a product of three indices: Occurrence (O), Severity (S), and Detection (D). 

Among two types of FMEA, viz. the design FMEA and the process FMEA, the former 

method may be employed from the design conception, so that weak points may be 

identified as early as possible [10]. It may also be useful in operating stage of systems for 

directing maintenance tasks and identifying more efficient operational methods and for 

allocating the recommend actions at those points with higher damage potential [4].  

Among many systematic techniques, FMEA has been applied to analyze the safety 

and reliability of many complex systems for many years, such as Nuclear Power Plants, 

Engine Systems, Chemical and Volume Control System of a Pressurized Water Reactor 

[5], and Medical Technological Industries [3]. As it is applicable for above-mentioned 

complex systems, it may also be applicable to railway signalling system. In this context, it 

helps find out the critical components of signalling system at the operating stage. 

This paper contains description of subsystems of railway signalling systems. The 

methodology and functional block diagram of signalling system and its subsystems are 

described. Subsequently the procedure of failure mode and effect analysis of signalling 

system is explained.  

 

2  Railway Signalling Systems 

 

‘Signalling system’ of railways consists of a group of devices and methods with which the 

movement of a train is controlled on the flanged steel rails so as to prevent the occurrence 

of accidents, ensuring the safety of the passengers, the operating personnel, and the rolling 

stock. A ‘signal’ is defined as a medium, which conveys a particular pre-determined 

meaning in non-verbal form [2]. Panja and Ray [8] describe that the railway signalling 

system may be classified into four categories on the basis of interlocking systems, viz. 

mechanical, electro-mechanical, panel or route relay, and solid state interlocking (SSI) -

based. In recent times, railway signalling system consists of a number of subsystems, such 

as panel, cable, relay, point and point machine, track-circuit, signal, back indication, 

point-drive card, signal-drive card, and level crossing gate. A brief description of these 

subsystems is given in the following sections. 

 

2.1  Panel 

 

A control Panel is provided at every station of the Automatic Signalling Section. The 

control panel consists of two parts; one part is termed as `Controlling side' and the other as 

`Controlled side'. In the panel, a number of switches and indications is provided for 

different purposes, such as illuminated arrows for the direction of traffic established, 

direction switch for corresponding controlling station required to the direction of traffic, 

SM’s  key for locking the panel in the last operated condition, permission button for 

permitting to operate the signal by controlling station, emergency push button for 

permitting a traffic movement in emergency, and counters for registering each operation 

of the panel. Fig. 1 shows a typical control panel.  

The direction of traffic movement may be established by operating the above-

mentioned buttons as and when required as per specified rules and norms.  
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Fig. 1: A Typical Control Panel 

2.2  Cable 

 
PVC insulated, sheathed, and armoured signalling cables may be used for carrying 

signalling circuits. The conductors used are of copper and of approved size. Sectional 

view of signalling cable is shown in Fig. 2 as follows:  
 

 

 

 

 

 

 

 

 

 

 
Fig. 2:  Signal Cable 

 

The cables used in signalling installations are broadly classified as indoor, outdoor, and 

power cables. Indoor cables with varying cross-sections are without armour wire and used 

for different internal wiring, such as signal lamp circuit, point operation circuit, gate 

circuit, relay wiring, indication lamps, panel wiring, and relay wiring. In outdoor cables, 

the armour PVC insulated thick tube is provided to give the more mechanical strength and 

good insulation resistance in addition to (water proof arrangement) preventing the water 

entering inside the cable. These cables are used for outdoor wiring and connection of 

signalling systems. Power cables are laid for carrying power supply up to 440 volts.  
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2.3  Relay 

 

This is an electromagnet (horse shoe type wound to a resistance of 300 Ohms) and used in 

the light repeater circuit only. The alarm bell circuit is either made or opened through its 

armature to warn the operating staff when light at the signal is out. 

 

2.4  Point-and-Point-Machine 

 

Point-and-point-machine (also known as ‘point’) is an electro-mechanical equipment, 

which is very common and essential subsystem of a railway signalling, because it in 

combination with crossings, cross-overs, stock rails, rods, cranks, levers, and locking 

arrangements guides the train to move from one track to another track. During operations 

of points, among other factors, rail/wheel contact force is one determinant of its safety. 

Moreover, the difference in level of nose and wing rails contributes to a severe impact at 

the point [1].   

 

2.5  Track-circuit 

 

The track circuit is used to control signals, points, and block instruments so as to make 

running of trains at acceptable levels of safety and reliability. Currently several countries 

have been using state-of-the-art technology and systems for signal transmission and 

analysis for Optical Fiber- and Satellite-based track circuits [11]. It is worth mentioning 

that the track-circuit is a very critical and important monitoring equipment of a signalling 

system.  

 

2.6  Back Indication 

 

Indications which are given on the panel for the guidance of operators and maintenance 

staff are known as back indication. These indications are shown through the relay contact 

of all the signalling equipments. 12V DC or AC is used for indications supply. 12V/1.2W 

pencil type lamps are used.  In recent times light emitting diodes (LED) are used to show 

indication to avail the benefits of long life and very less power drain.  

 

2.7  Signal-unit 

 

Colour light signalling system uses modern improved equipment and relays to show and 

close the final aspects of signals. The light units so designed are specifically applicable to 

avoid socalled ‘phantom’ effects in the sunlight which otherwise may occur due to 

internal reflection and tend to show the impression of a cleared signal. The multi-unit type 

signals are of 2-, 3- and/or 4-unit type depending upon the number of aspects to be 

displayed. The grouping of the light units is usually vertical with the ‘Red aspect’ at the 

lowest position so as to be as close to the driver’s eye level as possible. In case of a 3-

aspect signal, the green is placed uppermost for the best sighting, whereas with a 4-aspect 

signal the two yellow aspects must be as widely separated as possible to give a clear 

‘double yellow’ indication at a distance.  

 

2.8  Point-drive Card 

 

These are printed circuit boards (PCB) in which all the field conditions of point contacts 

are connected to input cards. The maximum inputs capacity of each relay input card 
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depends on design of signalling circuits. The total number of inputs, such as field inputs, 

panel inputs, and read back inputs will depend on the yard layout. 

 

2.9  Signal-drive Card 

 

These are PCB’s in which all the field conditions of signal contacts and indications are 

connected to input cards. The maximum input capacity of each relay input card depends 

on design. 

 

2.10   Power Supply 

 

25 KV AC 50 Hz single phase power supply for electric traction is used for input and it is 

derived from the Grid System of State Electricity Boards through Traction Sub-Stations 

located along the route of the electrified sections at distances of 45 to 50 kilometre. 

Traction sub-stations receive 3 phase supply at 132 KV. At some Railways the Traction 

Sub- Stations receive 220/132/110/66 KV also. To ensure continuity of supply under all 

conditions, the high voltage feed to the traction sub stations is invariably arranged either 

from two sources of power or by a double circuit transmission line, so that even if one 

source fails, the other remains in service.  

 

2.11  Level Crossing Gate 
 

When road traffic crosses rail traffic over a bridge or under a bridge at a different level no 

signalling arrangements are required. When road traffic crosses the rail traffic at the same 

level they are known as level crossings and signalling arrangements at such crossings may 

be required if they are busy.  

 

3  Steps in Performing FMEA of Railway Signalling System 

 

The methodology for FMEA of railway signalling system consists of following steps: 

Step I: Development of Functional Block Diagram 

The first step is to obtain all the information, which includes specifications, operating 

conditions, operating data, and stress results, available at the operating stage of signalling 

system. It is also important to describe the railway signalling system very efficiently and 

its description may be done at the highest level. At this highest level of description, the 

system is to be represented by a functional block diagram. The functional block diagram 

of the signalling system, as prepared, illustrates the operation, interrelationship, and 

interdependence of the functional entities of the system. The functional block diagram of 

this system is shown in Fig. 3 as follows: 

 

 

 

 

 
 

Fig. 3: Functional Block Diagram of Signalling System 
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In the Table 1, as shown below, the components that support each system function are 

described. In the Table 1, different functions and functional description are provided in the 

first two columns respectively. The failure manner of function and components in the 

second column of the Table 1 is known as the failure mode.  

 
Table 1: Functional Description of Signalling System 

 
Function Functional 

Description 

Components Involved 

F1 Provide power Power supply 

F2 Sensing and 

Control 

Track-circuit, Back indication 

F3 Provide Signal Panel, Cable, Relay, Point and point machine, Point-

drive card, Signal-drive card, Level crossing gate, 

Signal 

 
Step II: Identification of Relevant Parameters and Variables, and Collection of 

Relevant Data 
The parameters of signalling subsystems and system are as follows: 

(i) different functional relationships, (ii) different operating modes exit, (iii) effects of 

redundancy, if exit, and (iv) effects of failure modes. 

The relevant variables are as follows: 

(i) types of failures, and (ii) failure times. 

Decisions regarding sample sizes and sampling frequency for the variables identified, and 

units of analysis (system-level as well as subsystems of railway signalling) are to be made 

on the basis of relevant principles and methods of sampling, system requirements, and 

objectives of the study. A standardized framework and format for data collection is to be 

designed for this purpose.  

Step III: System-level Analysis 

On completion of data collection, the severity classification, occurrence, and detection 

ability of each failure of signalling subsystems are identified, selected, and calculated. The 

RPN, a product of occurrence, severity, and detection of each signalling subsystem is to 

be calculated. The decisions regarding the design of the signalling subsystems are to be 

taken on the basis of the RPN. 

Step IV: Suggestion for Improvement 

In this stage, suggestions on design changes of signalling subsystems are to be made. It is 

worth mentioning that design options are to be separately analysed, so that reliability 

implications may be considered. Analysed results may be used to update the system 

performance.  

The methodology for FMEA of signalling system is explained in detail with the help of 

flow diagram as shown in Fig. 4.  
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Fig. 4: Framework for FMEA of Signalling System 

 

4  Failure Modes and Effects Analysis 

 

The FMEA identifies the relationship between the element failures and the system 

failures, malfunctions, operational constraints, and degradation performance, starting with 

basic element failure characteristics and functional structure of the system [6]. The FMEA 

proceeds from one level or a combination of levels of abstraction, such as system 

functions, subsystems, and components. A criticality or the risk priority number rating 

may be determined for each failure mode and its resulting effect. The rating is normally 

based on the probability of the failure occurrence, the severity of the effect, and its 

detectability.   

Severity classification is used to provide a qualitative indicator of the worst potential 

effect resulting from the failure mode. Severity is evaluated on a ten-grade scale as shown 

in Table 2 below: 
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Table 2: Severity on a Ten-grade Scale 

 
Effect Rating Criteria 

Hazardous 10 Safety related failure modes causing non-compliance with 

government regulations without warning 

Serious 9 Safety related failure modes causing non-compliance with 

government regulations with warning 

Very high 8 Failure modes resulting in loss of primary system/component 

function 

High 7 Failure modes resulting in a reduced level of 

system/component performance and customer dissatisfaction  

Moderate 6 Failure modes resulting in a loss of function by 

comfort/convenience system/component  

Low 5 Failure modes resulting in a reduced level of performance of  

comfort/convenience system/component 

Very low 4 Failure modes resulting in a loss of fit and finish, squeak and 

rattle functions 

Minor 3 Failure modes resulting in partial loss of fit and finish, squeak 

and rattle functions 

Very minor 2 Failure modes resulting in minor loss of fit and finish, squeak 

and rattle functions 

None 1 No effect  
 

 

Occurrence is defined as the likelihood that a specific failure cause/mechanism will 

occur. The rating is based on the estimated or expected failure frequency as shown in the 

Table 3.  

 

 
Table 3: Occurrence of Failure Cause/mechanism 

 
Likelihood of Failure Estimated or expected failure frequency Rating 

>1 in 2 10 

1 in 3 9 

Very high (failure is almost 

inevitable) 

1 in 8 8 

1 in 20 7 High (frequently repeated 

failures) 1 in 80 6 

1 in 400 5 Moderate (occasional failures) 

1 in 2000 4 

1 in 15,000 3 Low (rare failures) 

1 in 150,000 2 

Remote (failures are unlikely) <1 in 150,000 1 

 

Detection is defined as the ability to detect a potential cause/mechanism to system 

failure. The ratings of design controls are shown in Table 4. 
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Table 4: Detection of Design Control of Failure Cause/mechanism 

 
Detection Rating Criteria 

Uncertain 10 Design control will not and/or can not detect a potential 

cause/mechanism and subsequent failure mode. 

Very remote 9 Very remote chance the design control will detect a 

potential cause/mechanism and subsequent failure mode. 

Remote 8 Remote chance the design control will detect a potential 

cause/mechanism and subsequent failure mode. 

Very low 7 Very low chance the design control will detect a potential 

cause/mechanism and subsequent failure mode. 

Low 6 Low chance the design control will detect a potential 

cause/mechanism and subsequent failure mode. 

Moderate 5 Moderate chance the design control will detect a potential 

cause/mechanism and subsequent failure mode. 

Moderately 

high 

4 Moderately high chance the design control will detect a 

potential cause/mechanism and subsequent failure mode. 

High 3 High chance the design control will detect a potential 

cause/mechanism and subsequent failure mode. 

Very high 2 Very high chance the design control will detect a potential 

cause/mechanism and subsequent failure mode. 

Almost certain 1 The design control will almost certainly detect a potential 

cause/mechanism and subsequent failure mode. 

 
Risk priority number (RPN) is the product of the Severity, Occurrence, and 

Detection ratings and is used to rank the order of potential design concerns.  

 

5      Results and Discussions 

 

The study considers five stations (Kharagpur-Balichak-section) of Kharagpur Division of 

South Eastern Railway (SER) of IR, having a total route length of approximately 22 

kilometres. It is observed that among these five stations, two stations have SSI-based 

signalling systems along with the PI facility and two stations have fully PI-based 

signalling systems, and one station has an RRI-based signalling system. The signalling 

systems of this sector represent generically a typical IR network, as the majority of 

signalling systems of IR are now PI- and RRI-based.   

The study section consists of 355 track-circuits, 173 ‘points-and-point-machine’s, and 

229 signals. All these track-circuits, ‘point-and-point-machine’s, and signals are specified 

by alpha-numeric codes. The other components of the signalling systems are interrelated 

by alpha-numeric codes of track-circuits, ‘point-and-point–machine’s, or signals. Coding 

of these components in this manner helps locate areas of failures. Thus, the operating and 

maintenance personnel may easily find out the location of failures by using their coding 

schemes.  

The failure data of the components of signalling systems were collected from a period 

of three years (2001 to 2003). It is observed from the data collection of the above-

mentioned section and period that presently, all the signalling systems of this section 

result approximately 225 failures per year. The aim of this analysis is to find out the 

critical components of IR signalling systems, which are to be controlled to minimise the 
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number of failures per year. This study also necessitates pointing out corrective and 

preventive measures to reduce the failure effects of the signalling systems.  

Each data point consists of a number of information, such as the number of the 

component, time to failure, repair time, total number of trains delayed due to each failure, 

delay time for each train, and types of corrective actions taken by the operating and 

maintenance personnel. The different types of causes of failures, failure modes with their 

severity and detectability are identified once this detailed information is made available. 

With the availability of data, the RPN is calculated and their values are shown in Table 5.  
 

 
Table 5: Potential Failure Mode and Effects Analysis (Operating FMEA) for Indian Railway 

Signalling Systems 

 
Item/ 

Funct-

ion 

Potential 

failure 

mode 

Potent-

ial 

effects 

of 

failure 

S

e

v

e

r

e 

Potential 

cause(s)/failure 

mechanism(s) 

O

c

c

u

r 

D

e

t

e

c

t 

R 

P 

N 

Recommen

ded actions 

Panel 6 2 96 No change 

required 

Cable 2 3 48 No change 

required 

Relay/microlock 5 6 240 No change 

required 

Point-and-point-

machine 

9 9 648 Improve 

Design 

Track-circuit 9 9 648 Improve 

Design 

Back Indication 5 3 120 No change 

required 

Signal-unit  8 9 576 Improve 

Design 

Point-drive card 2 2 32 No change 

required 

Signal-drive card 2 2 32 No change 

required 

Power supply 4 2 64 No change 

required 

Level crossing 

gate 

6 5 240 No change 

required 

Provi-

de 

signal 

infor-

mation 

and 

track 

condit-

ions 

System 

does not 

provide 

signal 

informa-

tion and 

track 

conditi-

ons 

Officers

, operat-

ing 

person-

nel and 

passén-

gers 

dissatis-

faction 

8 

System of 

working 

2 1 16 No change 

required 

 
 

 

In Table 5, it is shown that risk priority numbers for failures of ‘point-and-point-

machine’s, track circuits, and signals are very high (i.e. 648, 648, and 576) compared to 

those of other components. The system-level failure analysis is undertaken for these three 
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components. Because of system-level failure, the running of train gets delayed. Hence, 

number of such failures should be minimised with their detection and repair work, if 

needed, is to be completed as quickly as possible. The RPN analysis also helps in taking 

appropriate corrective actions against the failure of these critical components in IR 

signalling systems.  

For improvement of signalling system performance it is imperative that a number of 

preventive measures to avoid failures may also be taken. A number of noise factors, such 

as rainfall, significant change of environmental conditions (temperature and humidity), 

and variation in soil conditions, have a significant effect in its performance. The redesign 

of tongue and stock rails is essential in order to minimise the interference of ballast on the 

failure of the signalling systems. The majority of failures of the track-circuit can be 

prevented by redesigning its return current path in such a way that failure of fuse does not 

occur. For further improvement of signalling performance, one may replace the triple 

point double filament bulbs by LED lamp. A further study with adequate experimentation 

and data collection is required in order to determine the level of improvement in the 

signalling system performance with the incorporation of the preventive measures as 

mentioned.  
 

6  Conclusions 

 

The complex railway signalling system normally has set target availability. One may 

achieve target availability by increasing subsystem reliabilities. However, guaranteeing 

higher reliability incurs the increasing of costs. FMEA analysis suggests aids not only 

design improvements, but also it allows one to improve and plan preventive and scheduled 

maintenance of components. IR is searching for the state-of-the-art technologies to 

improve these components performance. 
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