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Trains Accident Risk Management System 

As Applied to Averting And Preventing Train Fire Accident 
by: Mr. K.P. Ramalingam 

Mr. Ramalingam retired.from Indian Railways as an additional General Manager in 1982. All of his railway 

knowledge and experience .is from his service since 1948 in the Indian Railways and deputation abroad Mr. 
Rama/ingam wishes to offer his expertise so gained, to the benefit of world railways, who want to improve safety and 
reliability. With over 30 years in railway service Mr. Ramalingam believes he has a lot of knowledge that can be 
shared 

INTRODUCTION: The Focus is on Train Fire Accidents. One may have an analysis of all types of :fire accidents, 
as well as the results of experience on the various remedies that may have been applied to abate such incidence and 
the extent of relief or a degree of control that may have been practically achieved. It is not the intent of this paper to 
review or discuss the earlier treatment of the problem and its abatement. That the Train Fires continue to occur bas 
reasons, and unless it is possible to generalize the source causes, the scope for finding a general solutions not feasible, 
and without such generalizations, a lasting and reliable and self regulating or controlling solutions can not be found. 
Thus fundamentally, it is the opinion and experience of the author, that any system of self protection resident in the 
object to be protected only can give reliable protection. It is not t1Jat such a system is infallible, but it is the optimum 
reliable. Nature has endowed all living for.ms with some kind of skill, and facqlties to smell trouble to sense risks and 
guard against predators or even against.the formidable forces of the elements of nature! 

Thus, ARMS (acronym for" Accident Risk Management System") has a predictive approach to detect budding Risks 
by appropriate methods, and nip them in the bud, before they cnhmnate into accidents. It is from this point of view 
that the Risk of Fire Accidents will be examined and solutions presented. ARMS will not be discussed, but separate 
papers on the new philosophy is appended, for a background _information. since, other types of accidents have a 
contnbuting function for fire cases! 

BROAD ANALYSIS OF TRAIN FIRES: In this analysis the following are assumed, as is to be expected or a 
seasonable: Under extant regulations for acceptance of materials for rail transport, spontaneously combustible and 
inflammable.are either refused or special specifications exist for proper and reliable packaging and handling to prevent 
any risk of :fire accident during transshipment, including nuclear wastes. Hence, every case of train fire, except cases 
of sabotage, that are wanton destruction and excluded from the definition of accidents, is a ··CQnsequential event 
initiating a:fire ha7.ard that would be present even if combustible or inflammabl� commodities are not carried with the 
wagons empty or loaded with non-burning commodity. 

ANALYSIS OF CAUSES FOR IGNITING COMBUSTIBLES/INFLAMMABLES: Materials that can burn to 
raise fire and �es carried by rail can be groups as; 

1. Petroleum products generally carried in 1ank wagons
2. Coals, woods, bamboos, hay, cotton. plastics etc. in covered or open wagons
3. Explosives that will auto ignite when subjected to shock only

While in the first catego:ry a low energy spark can ignite the escaping vapor at top vents, the second category needs 
either the presence of a continued flame or only a brief exposure to a flame for sustained and increased :intensity· of fire 
of the commodity itself. The third categoiy is self explanatoty. 

Passenger train fires are not omitted, but are covered by freight train 'analysis itself: except that the carrier deals with 
humans and other animals too. Investigations have revealed passengers carrying inflamrnahle materials as personal 
luggage, also igniters like live cigarettes· dropped either inadvertently or carelessly without extinguishing, and many 
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Note: Axle bearing are damaged by several lateral oscillations on tracks damaged (cyclic wear) by squ 
bogies. Severe yard bumping shocks also add to bearing damages. With the elimination of square bo, 
problems and bumping, - through it is practically insignificant compared to lateral shocks from track caus 
and incidence of hot axles will be rare. fire in axle boxes eliminated and life of bearings greatly enhaoct 
The friction losses in roller bearings is negligi"ble to cause any serious temperature rise, and for hot axles 
occur, bearings should deteriorate beyond specifications and is difficult to determine in sexvice and cost 
during overhauls. The tell-tale electronic device flashed LEDs, that can be noticed by driver and the guai 
with simple telescope or even a small TV unit with hand held monitor. 

2. COLLISIONS: Collisions include grade crossing accidents. ARMS equipment are required on traction units c
engines. at grade crossings and railway stations. Collisions result in high impulse shocks and consequen
derailments. These have been mentioned for derailment... Details of equipment, principle of operations 8JI
descnoed in tbe annexure papers. ARMS averts and prevents all types of collisions, - head-on, rear-end, side
collisions at fouling marks for infringement of moving dimensions, and yard shunting errors. On traffic lines, tht
incidence of collisions is in the order of 5% to 10% on various systems. However, since collisions cause
derailments, it is contributive to risk of fire accidents. While there may be combust1"ble goods in freight traffic, :fires
in passenger trains are from battery source largely.

3. DIRECT SPARK OR FLAME: Steam engine using coal are practically extinct, and diesel engine contributing
for throwing sparlders is insignificant However, incidence of copper melting under very severe sparldng between
traction wires or ground are many. The author has been able to demonstrate the phenomenon at will, to prove
creating such terrorizing and roaring Standing Arc Flames and dropping of copper globules. This phenomenon
is due to incorrect design lay out of the overlap spans in 25 KV AC Trncti.on systems, and due to engine negotiating
section Insulators in 1500 VDC traction when the contact wire ahead is isolated for any operating or mai,ntenance
demands. The problem. is easy of rectification, as it is only correcting the schematic to suppress arcing
automatically.

Even under normal running, then:: have been cases of direct flash over from the contact wire to the steam locomotive 
chimney, due to presence of smoke and ionized status of effluent gases and steam. Similar phenomenon is also 
observed for diesel engines. But incidence at the locomotive does not affect the safety of wagons behind, as the feeder 
trips and no one can notice this easily, or correlate it with feeder tripping, as it calls for special investigations and 
study. However, in the case of steam and diesels, safety is not jeopardized, as the traction wires are directly comrected 
to grotmd.on a flash over. In contrast, in Electric traction, the arc is sustained by the l0t;:0motive drawing power 
through the stationary arc at the overlaps, after the pantograph bas left the overlap 200e without being affected. There 
is no direct ground ·return. If any maintenance is doi.re in an isolated section, and if a train is admitted· by some 
mistake, (it actually happened, and �e author studied the problem and found the solution with safety), there is a veiy 
great danger of anyone on the track to be electrocuted, as the rail potential exceeds safety limits. Nothing happens to 
the electric locomotive whatsoever! 

4. CONCLUSIONS: Fire accidents can be controlled on the basis of ARMS principles. ARMS equipped zones can
be practically free from fire accidents, as well as other types of accidents, since fire accidents are only consequential.
given that goods do not inflame automatically. Spill of haz.ardous materials like petroleum products, spread fire
and is not restricted to train damages. Euvironmental pollution and contamination from pollutant goods and
nuclear wastes spreading leakage of radioactive material more important to consider, as the timefactorfor restoring
human safety is costlier and time consuming to achieve with confidence.

5. RECOMMENDATIONS:
1. Initiate a study of the new methodology and verify the same by computer simulation or even practically

in parts on any well equipped laboratory� models.
2. Make field experiments, that is simple and does not call :for any major inyestment in time or money.
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I. Rail crack or even rail fracture as a natural risk arising but not sabotage. Rail :flaw or crack detector is
foreseen as a special device. that will continuously monitor each side rail on the run. The mere presence of
rail crack does not immediately cause derailment, but if .neglected, can cause accident with badly damaged
rail.

2. There can be an obstruction on thl: track, say, a parcel had fallen from a wagon of the same train or from
another train earlier. ARMS can detect any obstruction of a minimum dimensions. The driver has to drive
cautiously like approaching a level crossing. The size of the obstruction does not indicate the magnitude of
lwzard, as it may just be an empty container or a hay bundle, but protection has been assured.

The :instrumentation pertaining to ARMS functions mentioned above relate to sensing all abnormalities reJating to 
track~vehicle interactions. For the case of mid-section train derailment, it has been mentioned earlier that track is 
primarily damaged by only the rolling stock and the influence of thermal stresses and rail creep in usage. Hence, all 
relevant abno:rmalities of track can be checked f:fom the locomotive at the head of a train.. The basic parameters are 
deviations from design limits of safety in operation. While the lateral accelerations give the degree of flange ~ rail 
forces, that is limited to about 40o/o of designed stationary axle load, oscillations check the dynamic wheel weight 
transfer, that should not fall below,· say, 40%. Excess over these limits will promote dercrilment The sensing devices 
give the necessary measurement signals, based on wflich ARMS evaluates the approachfugunsa(e conditions as 
a pre-warning annunciation to driver for reporting. 

ARMS provides. datafor downloading at the locomotive trip inspection depots. At the same time, ARMS also transmits 
UNUSUAL OCCURRENCE DATA over the radio on ran for the ARMS at the nearest station ahead or rear to take 
action as per station rules. Technical details of the processing method is out side the scope of this paper. ARMS has 
a number of common devices that are required for all types of accidents. These are mentioned at the end. 

.Irrespective of the reason for the derailment. the inftfugement of derailed wagons or coaches, poses a potential risk of 
a consequential collision. The second down train T d is automatically alerted by SOS Beacon from the up train Tu. 
ARMS on the second train assures the slowing down and stopping well in advance, due to the instrumentation that· 
precisely detemrines the location and distarice between trains at every instant. Thus consequential collision is averted, 
provided there is adequate distance for the train to stop with emergency braking. Some times, derailment may 
happen during a train crossing, - though very rare. Obviously there is no scope for any protection at all. 
However, since ARMS works predictive to eliminate all wlnerable risk locations the probability of derailment·. 
is very low. These conditions also apply to risk of derailment due to sudden obstructions, as may arise due to 
Fann Tractor Crossing·across unregistered and unauthorized crossings called cattle crossings. This is discussed 
in more detail under Grade Crossing Protection. 

B. Derailment in Station Zone: The stationz.one extends between the outer most signal locations on either side
of the station. For the pmpose of Derailment Risk Detection. ARMS has defined some sub-zonesfor risk
detection management These axe;

1. SWITCH OR TURNOUT AND TRACK CROSSINGS: In these locations, the tracks are damaged
only by excess speed ·and skew bogies. These axe dealt by automatic speed checks as may be stipulated
for each type of switch and for each1ocation. Being flat curves bogie design for negotiating switch tongue
rail imposes heavy lateral thrusts, and particularly Co-Co Three axle types. The design contrivance of
reducing axle spacing leads to skew running of leading axle pairs, and further, use of very thin :flanges
tends the flange to hit the nose point at the crossing. ARMS remedy fot this point is discussed under
rolling stock. However, speed check in advance of such locations is done by ARMS, as explained under
common devices.

2. FOULINGMARKLOCATION: Siocetherearemanytracksandinten:oonections in stationarea,due
· to loops, sidings, and yards, the incidence of side collision due to infringement at Fouling Mark locations
has a high probability. Presently it involves total Hmnan vigilance, with·no technical assistance what so
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Listed below are the general schematic of the configuration of the ARMS set up. The complete.operating system 
consists of; 

NOMENCLATIJRE OF MODULRUNIT 
A. Radio Transceiver Cnmrmmicator,

B. ARMS Processor & Monitor,
C. Input Transducers & Sensors

D. Portable ARMS Cellular type phones,

E. ARMS for Level Crossings.

APPLlCATION LOCATION 
Engine driving cab, station· master, special track inspection. 
Vehicles etc. 
Same location as above 
These are peripheral equipment distributed in various locations 
in the proximity to main CPU, such as, speed sensom, Basille 
code readers, trivector accelerometers, shock sensors, track 
obstruction detectors, rait flaw detectors, rail~tlange clearance 
measurement, rolling motionftequencycounter, bumping shock 
recorder, ECC TV for train track monitoring, brake system air 
flow for air/vacuum systems, Bn:athaly7.er, authorized operator 
identity verification, duty and event log recorder, crew/operator 
vigilance monitor, recording operator log-in and log-off 
�ges, and many other data as may be needed for operating 
safety, such as, important abstract of relevant safety rules, guide 
for action to be taken in emergencies etc. 
The main ARMS CPU functions as the base station, and is 
effective for a radius of Km reach. This will be necessary for 
assistant driver, guard. signal inspector etc. for emergency 

' working, as well as for normal inspection or maintenance, say 
like inspecting a train, shunting in yards, or non-interlocked 
working at stations. 
Scanner for crossing, with special processor for evaluating the 
nature and risk content of any obstruction over crossing, and 
send out SOS signal to approaching train, transmit warning 
signals to gate indicators like RED/YELLOW Flasher signals 
·both at the gate as well as a road signal 500m away from the
gate. ARMS unit on the train engine also transmits approach
warning to the crossing indicating the interval of time in
seconds to arrive at the center of the crossing. These radio
beams can be picked up by special pager type units that road
user can procure. They will not work on the public cellular
�ces. It can be used by any person, road vehicles. tractor
trolley etc. not only for . regular crossing but also for cattle
crossings. It will indicate particulars of the train, location and
speed of nmning.

NOTE: A is any ARMS Unit at Station. Engine etc. 
R are Sub-systems of ARMS installed at any location as Base Unit. 
C. is any other ARMS Unit at another location like Engine, station-etc.

PREVENTION OF COLLISION ACCIDENT: Unlike the conventional approach to treat every case of collision 
different from any other based on the circumstances leading to the accident, and introducing new rules for operation 
or adding to vigilance measures assuming Human error as the prime cause, ARMS treats the train, station etc. equipped 
with ARMS equipment as animated objects of these zones.and apply the principles of SELF PROTECTION by the train 
or station themselves. It may involve the driver or the station master to cany out some operations and confirm action 
taken. Thus ARMS focuses on averting or preventing a collision or other types of accident taking care ofhuman:fuilure 
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Members of the WSO, by virtue of their acceptance of 
membership into the WSO, are bound to the following Code of 
Ethics regarding their activities associated with the WSO: 

1. Members must be responsible for ethical and professional
conduct in relationships with clients, employers, Associates
and public.

2. Members must be responsible for professional competence in
performance of all their professional activities.

3. Members must be responsible for the protection af
professional interest, reputation and good name of any
deserving WSO member or member of other professional
organization involved in safety or associated disciplines.

4. Members must be dedicated to professional development of
new memQers in the safety profession and associated
disciplines.

s.· Members must be responsible for their complete sincerity in
professional service to the world.

6. Members must be responsible for continuing improvement
and development of professional competencies in safety and
associated disciplines.

7. Members must be responsible for their professional efforts to
support the WSO motto "Making Safety A Way Of
Life ... Worldwide•.
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