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DEVELOPMENT OF ALUMINOTHERMIC WELDING TECHNIQUES IN
INDIAN RAILWAYS FOR R260 GRADE RAILS

B. L. Bairwa

Executive Director/ M&C
RDSO, Lucknow

S. P. Yadav
ARO/ M&C
RDSO, Lucknow

Abstract: The increasing demands of trains with a higher speed/capacity impose more severe load
conditions on Indian rail tracks. Upgradation of existing 90UTS rails with improved performance
is present need to meet such demands as the current rail steels are reaching their limits.
In order to upgrade quality of rails, R260 grade rails have been planned to replace 90UTS grade rails.
R260 Grade rail is a standard grade of pearlitic rail steel and is being globally used as a reference
grade for other grade rails. These rails have multiple advantages over 90UTS grade rails such as
better resistance to wear,better degree of toughness, better endurance and hardness as well as
improved ductility and crack resistance. Since R260 grade rails are superior than existing 90UTS
rails, therefore new welding techniques has to developed as per upgraded technical requirement.
The upgraded technical requirements have been incorporated in relevant specifications before
developing new welding techniques. Compatible to R260 grade rails. In this paper brief theory
and case study have been discussed which shall be useful to Railway Engineers.

सारांश: उच्च गति/क्षमता वाली रेलगाड़ियों की बढ़ती मांग से भारतीय रेल पटरियों पर अत्यधिक भार पड़ने की स्थिति
उत्पन्न हो जाती है। उन्नत निष्पादन के साथ मौजूदा 90 यूटीएस रेल पटरियों का उन्नयन ऐसी मांगों को पूरा करने की वर्त मान
आवश्यकता है क्योंकि वर्त मान रेल पटरी स्टील की कार्यक्षमता अपनी अधिकतम सीमा तक पहुचँ रही है।
रेलगाड़ियों की गणु वत्ता को उन्नत करने के लिए, 90 यूटीएस ग्रेड रेल पटरियों को आर-260 ग्रेड रेल पटरियों से प्रतिस्थापित
करने की योजना बनाई गई है। आर-260 ग्रेड रेल पटरी पर्लिटिक रेल स्टील का एक मानक ग्रेड है और विश्व स्तर पर अन्य
ग्रेड रेल पटरियों के लिए संदर्भ ग्रेड के रूप में उपयोग किया जा रहा है। इन रेल पटरियों के 90यूटीएस ग्रेड रेल पटरियों पर कई
फायदे हैं जैसे घिसावट में बेहतर प्रतिरोध, बेहतर कठोरता, बेहतर सहनशक्ति और कठोरता के साथ-साथ बेहतर लचीलापन
और दरार प्रतिरोध। चूकि
ं आर-260 ग्रेड रेल पटरी मौजूदा 90यूटीएस रेल पटरियों से बेहतर है, इसलिए उन्नत तकनीकी
आवश्यकता के अनस
ु ार नई वेलडिंग तकनीक विकसित की जानी चाहिए। आर-260 ग्रेड रेल पटरी हेतु संगत नई वेलडिंग
तकनीकों को विकसित करने से पहले उन्नत तकनीकी आवश्यकताओं को प्रासंगिक विशिष्टियों में शामिल किया गया है। इस
पेपर में संक्षिप्त सिद्धांत और के स स्टडी पर चर्चा की गई है जो रेलवे इंजीनियरों के लिए उपयोगी होगी।
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Scope of R260 grade rails:
The increasing demands of trains with a higher
speed/capacity impose more severe load conditions
on Indian rail tracks. Upgradation of existing
90UTS rails with improved performance is present
need to meet such demands as the current rail steels
are reaching their limits.
In order to upgrade quality of rails, R260 grade
rails have been planned to replace 90UTS grade
rails.R260 Grade rail is a standard grade of pear
litic rail steel and is being globally used as a
reference grade for other grade rails. These rails
have multiple advantages over 90UTS grade rails
such as better resistance to wear, better degree of
toughness, better endurance and hardness as well
as improved ductility and crack resistance. Since
R260 grade rails are superior than existing 90UTS
rails, therefore new welding techniques has to
developed as per upgraded technical requirements.
The upgraded technical requirements have been
incorporated in relevant specifications before
developing new welding techniques. Compatible
to R260 grade rails.
The maintenance costs for the railway industry have
been increased due to increased frequency of trains
with higher speed and load. From economical point
of view, R260 grade rails would be better than 90
UTS rails because it will reduce the maintenance
costs.
The basic chemical and metallurgical features of
R260 grade rails are as follows
•

Chemical control is very accurate, with
carbon and manganese at optimum levels,

•

Embrittling elements such as sulphur,
phosphorus, nitrogen and hydrogen are
controlled at low levels,

•

The steel is “cleaner”, with fewer stressconcentrating entrapped inclusions from the
casting and rolling process.

•

R260 grade rails are enriched with
micro alloying elements like vanadium/
molybdenum, chromium etc, while in 60
kg/90 UTS rails, these elements are as
incidental elements.

The presence of micro alloying elements such as
Chromium, Vanadium/Molybdenum improves
mechanical properties such as hardness, tensile
strength and yield strength etc. These mechanical
2
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properties makes R260 grade rails to deliver high
resistance to wear whilst, sufficiently tough to
avoided brittle fracture whenever there are cracks
in the rail, and as well as increase anticorrosive
properties. As a result, R260 grade rails have
sufficient potential to withstand on current rail load
and traffic.

Weldabilty of R260 grade rails:
The new developed welding technologies are
intended to be targeted at R260 grade rail for
practical reasons. The choice has been taken
into account for the two major criteria i.e. R260
grade rails geometry and metallurgical properties
against which the proposed welding technologies
are applied. The welding technique developed for
R260 grade rails is based on existing experience
and expertise of fully accepted thermite welding
and will be used to establish relevant reference
benchmarks.
The limits for the key alloying elements specified in
EN13674-1 2011 for welding of R260 grade rails ,
particularly carbon, is too wide hence, it is prudent to
cite the range of various alloying elements that reflects
the R260 grade rail modern steelmaking practice.
However developed welding techniques provides a
good basis for the selection of the sacrificial element
in thermite welding portions to improve mechanical
properties as well as optimization of the deformation
temperature or thermo-mechanical treatment of
aluminothermic welds.

Development of AT welding techniques
for R260 grade rails
Rail thermite (or aluminothermic) welding is
widely used within on IR for in-track welding
during re-rail and defect replacement. Thermite
welding reduces bolt hole rail failures, bolted joint
maintenance, equipment wear increased rail life,
better track circuit reliability, a better ride quality
and other benefits that can be directly attributed to
thermite welding.
The thermite rail welding process is essentially a
portable foundry, which can be brought to almost
any location in the field. Process advantages include
portability, relative ease and speed of installation,
the flexibility of the process to weld almost any rail
sections together, and cost effectiveness.
The AT welding methods mainly comprise of 6
main elements:
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1.

A carefully prepared gap must be produced
between the two rails, which must then be
accurately aligned by means of straightedges
to ensure the finished joint is perfectly straight
and flat.

2.

Pre-fabricated moulds which are manufactured
to accurately fit around the specific rail profile
are clamped around the rail gap, and then
sealed in position. Equipment for locating the
preheating burner and the Thermit container is
then assembled.

3.

The weld cavity formed inside the mould is
preheated using an oxy fuel gas burner with
accurately set gas pressures for a prescribed
time. The quality of the finished weld will
depend upon the precision of this preheating
process.

4.

On completion of the preheating, the container
is fitted to the top of the moulds, the portion
is ignited and the subsequent exothermic
reaction produces the molten thermit Steel. The
container incorporates an automatic tapping
system enabling the liquid steel – which is at a
temperature in excess of 2,500°C – to discharge
directly into the weld cavity.

5.

The welded joint is allowed to cool for a
predetermined time before the excess steel and
the mould material is removed from around
the top of the rail with the aid of a hydraulic
trimming device.

6.

When cold the joint is cleaned of all debris, and
the rail running surfaces are precision ground
the profile. The finished weld must then be
inspected before it is passed as ready for service.

Thermit Welding is a skilled welding process and
must not be undertaken by anyone who has not
been trained and certificated to use it. In IR AT
welding of Rails are being carried out by RDSO
approved welders.

AT welding process and reaction:
Thermit welding is an effective, highly mobile,
method of joining the rails. It is a casting process,
in which the high heat input and metallurgical
properties of the thermit steel make the process
ideal for welding of high hardness and strength
rails such as those used for modern rails. The
superheated molten metal causes the rails to melt
at the edges of the gap to be welded, and it is also
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the filler metal, so that the material from the rails
coalesces with and joins the added molten steel as it
solidifies to form a weld. Thermit is the trade name
for one of the granular mixtures of aluminium metal
and powdered ferric oxide that is used (also known
generically as thermite or mill scale). Ignition of
the thermit is usually carried out by lighting a
magnesium ribbon or sparkler.
Thermite reaction details Aluminium reacts with iron
oxides, particularly ferric oxide, in highly exothermic
reactions, reducing the iron oxides to free iron, and
forming a slag of aluminium oxide. The chemical
equation for alumino thermic reaction is
Fe2O3(s) + 2Al (s) = Al2O3(s) + 2Fe(s) + (181.5 Kcal Heat of 2960°C)
(Iron oxide) + (Aluminium) (Aluminium oxide) + (Iron)

The reaction closely approach adiabatic conditions
and yield the highest peak reaction temperature.
It is thought that the aluminium reacts so rapidly,
such as reaction of the alumina with the fluxing
agent or the thermal booster do not have time to
go to completion during the brief period when
the maximum superheat is available for the metal
slag separation. The various iron oxides are used
in appropriate proportions so as to get the correct
resultant quantity and temperature of molten steel.
Approximately equal quantities of molten steel
and liquid aluminium oxide are separated at about
2400°C, after a few seconds of the exothermic
reaction. To produce an alloy of the correct
composition, ferro alloys like ferro-manganese
etc are added to the mixture along with pieces of
mild steel, both as small particles, to allow rapid
dissolution in the molten iron, to control the
temperature and to increase the ‘metal recovery’.
Complete slag separation in a short time and better
fluidity of the molten metal is achieved by adding
compounds like calcium carbonate and fluorspar,
etc. Pre-heating the rail ends (to about 1000°C) is
required to help the poured molten metal in washing
away the surface oxidation on the rail ends, as
otherwise, the molten metal may chill and solidify
immediately on coming in contact with cold rail
ends, without washing off the surface oxidation.
Brief description of process approval for AT
welding techniques of R260 grade rails by IR :
A new AT welding technique should be developed
as per upgraded R260 grade rails. In order to
improve such AT welding technique, following are
the stepwise procedure for approval of AT welding
techniques for “portion manufacturers”.
3

Indian Railway Technical Bulletin

December 2021
1.

After successfully completion of STR and
Capacity assessment of potion manufacturer,
there are two major technical procedures has
been carried out jointly by officials of Track
design dte and M&C dte.
(a)

i.

ii.

iii.

iv.

Lab Evaluation: As per IRST-19-2020,
following acceptance test criteria’s has been
done at firm’s premises.
The Portion Manufacturer shall manufacture
a batch of 150 portions in presence of
RDSO representatives at firm’s cost.
Among these portions, sample portions are
drawn randomly for execution of AT welds
and carrying out acceptance tests including
fatigue test.
Twelve test weld joints are made as per
technique offered by the manufacturer. For
preparing these joints, two new rail pieces of
same section and grade, each minimum 650
mm long shall be used with standard gap i.e.
25± 1 mm. Some parameters like tapping
time, preheat time, weight of portion, mould
weighting time, cheeping time, temperature,
fuel tank pressure etc has also are recorded
for each weld.
After execution of all 12 welds, the
weld joints shall be subjected to various
acceptance tests.
All the finished welded joints shall be
checked to ensure that the joint geometry is
as per IRST-19-2020.
Ultrasonic test: Ultrasonic test on all
test weld joints has been carried out as
per procedure laid down for Ultrasonic
testing of AT Weld in manual for ultrasonic
testing of rails and welds revised 2012 or
latest revision. Welds should not any have
defects. In case, the weld is in DFW (O)
or DFW (R) category in the ultrasonic
examination, the joint shall be considered
as defective. Out of twelve weld joints, six
joints shall be tested for transverse breaking
load test and remaining six joints shall be
undergoes for macro examination and weld
metal chemistry test followed by micro
examination.

Grade
of Rail
R260

4

C%

Mn%

Si%

P%

v. Brinell hardness test: All AT weld joints

are subjected to hardness test at welded
zone, heat affected zones and parent metal
of the rails in accordance with IS: 1500. The
test shall be done on the top surface of the
head of the test weld with a ball of 10mm
dia. with test load of 3000 Kg. maintained
for 10 secs. The average hardness number
(of two readings) determined for the weld
metal shall be within 265 +30-0 BHN. The
average hardness number (of two readings)
on each heat affected zone at 100mm from
the center shall be P+30 -10 BHN.
vi. Transverse breaking load test: The test
weld, supported on cylindrical or semicylindrical supports having a distance of
one meter between them from center to
center. The weld shall be at the center of the
span and loaded in such a manner that the
foot of the rail is in tension. The diameter of
mandrel and the supports shall be between
30 to 50mm. The load shall be gradually
increased (rate of loading shall not exceed
2.5T/sec.) till rupture occurs. The test weld
shall withstand a minimum load and show
minimum deflection. The fractured surface
of the weld, or in case where macro-etching
is done on transverse section through the
joint, shall not show defects such as blow
holes, porosity and inclusions etc. The size
of any individual defect shall not exceed
2mm diameter. The defects should not be
interconnected and none of these shall extend
up to the outer surface of the weld. There
shall not be any lack of fusion. The fractured
surface shall also not show the presence of
accretions or mirror like structure and shall
be crystalline in appearance. The minimum
transverse breaking load for R260 grade
rails should be 122.5 Ton and minimum
deflection should be 15 mm.
vii. Weld Metal Chemistry Test: Full
chemical analysis is conducted on the rail
weld running surface at 10mm away from
the weld transverse axis. The chemical
composition of the weld shall be as per table
given below.
S%

V%

Mo%

AL%

Cr%

0.45-0.70 080-1.30 0.50 (max) 0.05 (max) 0.05 (max) 0.10-0.15 0.10-0.15 0.02-0.60 0.20 (max)
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viii. Macro examination: Macro – Examination

joints during service trial will render the
technique unacceptable.

test is done on transverse section through
the joint, shall not show defects such as
blow holes, porosity and inclusions etc.
having individual size greater than 2mm
dia. There shall not be any lack of fusion
and clustered porosities. Fusion ZoneShape and dimension shall be recorded on
all six joints tested for macro examination
as per para 4.4.3.3 of IRST-19-2020. The
minimum distance between the parent rail
ends before welding and the fusion line
shall be equal to or greater than 3mm.

After a passage of 10 GMT traffic over the
joint or a period of one year whichever is
earlier, Zonal Railway shall conduct USFD
test of field trial joints and communicate
to RDSO before final inspection. Final
inspection shall be carried out by RDSO
Officials after satisfactory of trial joints in
USFD testing. If all field trial joints found
satisfactory during final inspection, approval
will be granted by concerned directorate for
the AT welding technique to concern firm.
Failure of more than 2% joints during field
trial (Including Ultrasonic examination)
will render the technique unacceptable.

ix. Microscopic examination: Sample for

microscopic examination shall be taken
from head and foot of the weld and it shall
not contain any bainite or martensite at 100
magnification also the ASTM grain size
number of visible HAZ and fusion zone
shall not be less than 3.

x. Field trails and final inspection: After

successfully completion of lab evaluation,
field trial of AT welds shall be undertaken
for 50 to 100 joints using the above batch
of remaining portions for a period of one
year or till passage of 10 GMT traffic over
the joint, whichever is earlier. All the trial
joints shall be ultrasonically tested by
the Zonal Railway as per procedure laid
down for Ultrasonic testing of AT Welds
in Manual for Ultrasonic testing of Rails
& Welds, Revised-2012 along with its
latest revision. Up to a maximum of 2%
defective welds shall be cut and re-weld by
the firm at own expense. If more than 2%
joints are found defective, the trial shall be
discontinued considering the technique to
be unsatisfactory. Failure of more than 2%

Case study of successful AT welding
technique for R260 grade rails:
New AT welding techniques for R260 grade rails
has been developed by RDSO. In order to developed
AT welding technique, 12 nos. test weld joints have
been executed as per clause 4.4.1 of IRS T-19-2020
in presence of RDSO officials (M&C and Track
Dte) at manufacturer’s work premises and testing
of weld joints has been conducted are as under:
1.

Visual surface Examination: All welded
joints were cleaned and examined carefully.
No any visible defect like cracks, blow
holes, shrinkage, mismatch, surface finish
were noticed and found satisfactory.

2.

Ultrasonic test: All welded joints were
tested as per procedure laid down for
Ultrasonic testing of AT Weld in manual
for ultrasonic testing of rails and welds
revised 2012 or latest revision and found
satisfactory. The summery of test results
given are as under:

SN Joint Number

Rail
Head
Flange
Angle Probe
Remarks
0
(Tandem
Section Normal Angle
45
Angle Probe
Angle
/ R260 Probe 00 Probe 700 450 (Halfmoon) Probe 700 probe scanning
80+10 dB
62.0 dB 61.5 dB
65.5 dB
74.0 dB
ITC/R260/1-12 60Kg/
No
No
No
No Flaw
No Flaw
Satisfactory
60E1
Flaw
Flaw
Flaw

1
3.

Brinell hardness test: Hardness test were
conducted on all AT weld joints at the welded
zone, heat affected zones and parent metal
of the rails in accordance with IS: 1500.
The obtained hardness values during test are
mentioned in Table-1and found satisfactory

4.

Transverse load and deflection test: Six
welded joins randomly selected by taking
three each from the joints with maximum gap
and minimum gap respectively. The values
of Transverse load and deflection achieved
during the test are mentioned in Table-1.
5
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TABLE-1

P.M Av.
ITC/R260/1

285
282

ITC/R260/2

280
282

ITC/R260/3

282
277

ITC/R260/4

283
280

ITC/R260/5

274
272

ITC/R260/6

283
280

ITC/R260/7

285
288

ITC/R260/8

274
277

ITC/R260/9

280
275

ITC/
R260/10

277
272

ITC/
R260/11

275

ITC/
R260/12

262

277

Specified as
per IRS T
-19 – 2020
260300

6

283.5

281.0

279.5

281.5

273.0

281.5

286.5

275.5

277.5

274.5

276.0

277.0

HAZ
302
302
298
288
293
300
293
286
291
297
286
286
300
298
274
283
302
295
283
280
290
290
297
283

Av.

302.0

293.0

296.5

289.5

294.0

286.0

299.0

278.5

298.5

281.5

290.0

290.0

BHN
269
295
269
280
269
277
282
275
286
275
274
268
275
275
265
265
280
280
295
275
269
283
278

265+30
-0

Av.

282.0

274.5

273.0

277.5

280.5

271.0

275.0

265.0

280.0

285.0

276.0

278.0

Hardness (3000 Kg/10 mm
/10 Sec) in BHN
Right Side
HAZ
295
285
298
300
297
291
285
293
295
295
302
280
288
298
283
295
293
293
293
285
278
300
305
286
+30 to
-10 of actual PM
hardness (Location P)

Hardness (3000 Kg/10 mm Center of
/10 Sec) in BHN
Weld Metal
Left Side
BHN

+30 to
-10 of actual PM
hardness (Location P)

Joint
Number

Av.

290.0

299.0

294.0

289.0

295.0

291.0

293.0

289.0

293.0

289.0

289.0

295.0

P.M
282
277
286
278
283
280
285
278
286
280
282
280
277
275
286
278
285
280
282
274
282
275
282
278

260300

Av.

279.5

Transverse load
test
Load
(t)

For Weld
Metal
Chemistry

33.26

For Weld
Metal
Chemistry

34.39

For Weld
Metal
Chemistry

For Macro Examination

278.0 158.40

278.5

29.09

For Macro Examination

282.0 156.06

285.5

For Weld
Metal
Chemistry

For Macro Examination

281.0 161.67

276.0

22.50

For Macro Examination

281.0 153.10

283.0

Deflection
(mm)

For Macro Examination

282.0 133.02

281.5

Remark

33.40

For Weld
Metal
Chemistry

For Macro Examination

280.0 151.68

122.5
Ton

29.34

15 mm

For Weld
Metal
Chemistry
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Macro examination: Longitudinal slice cut
from remaining 06 samples containing the
weld, Heat affected Zone and parent metal

were polished & etched. It revealed no inherent
abnormality. Photo-macrograph shown as
below;

Weld Metal

Parent metal
HAZ

7.

Microscopic examination: Samples cut form
macro test sample for microscopic examination
as per Annexure-1 of IRST-19-2020.The
structure of the fusion zone & visible heat

affected zone found free from martensite or
bainite when examined at x 100 magnification.
The photomicrograph of fusion zone & heat
affected zone are given below:

8.

Weld Metal Chemistry Test: A piece
cut from broken transverse load test rail
containing weld pool was taken for weld

metal chemistry. The chemical composition
of the weld observed is shown in table below
and found satisfactory.

Grade of Rail

C%

Mn%

Si%**

P%

S%

V%*

Mo%*

AL%

Cr%

ITC/R260/2

0.4962

0.8859

0.9181

0.0250

0.0264

-

0.1072

0.1317

0.0775

ITC/R260/4

0.5083

0.8371

0.9823

0.0258

0.0288

-

0.1415

0.1380

0.0772

ITC/R260/6

0.5141

0.8633

0.9284

0.0267

0.0262

-

0.1458

0.1648

0.0779

ITC/R260/8

0.4802

0.8349

0.9937

0.0246

0.0300

-

0.1249

0.1305

0.0750

ITC/R260/10

0.5066

0.8408

0.9092

0.0251

0.0273

-

0.1486

0.1827

0.0756

ITC/R260/12

0.4862

0.8902

1.0103

0.0245

0.0251

-

0.1390

0.1804

0.0625

R260

0.45-0.70 080-1.30 0.50 (max) 0.05 (max) 0.05 (max) 0.10-0.15 0.10-0.15 0.02-0.60

0.20 (max)

* Either Vanadium or Molybdenum may be used.
** In Single shot crucible the maximum limit of Silicon is to be taken as 1.2%
Conclusion: AT welding techniques for R-260 grade rail have been developed at laboratory scale. After
successful field trial, technique will be adopted on IR on large scale.
7
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RAIL GRINDING MACHINE (RGM) ON IR: AN OVERVIEW

Om Prakash

Muslim Ahmed

Director/ Track machine
RDSO, Lucknow

ARE/ Track Machine
RDSO, Lucknow

Abstract: For every maintenance and upkeep work of the track, it is necessary for the coordinated
implementation of various improvements as possible, the quality of the works to be done for this
and ultimately the affordability of the cost will also be equally good.

सारांश: रेलपथ के प्रत्येक अनरु क्षण एवं रखरखाव कार्य हेतु विभिन्न यथासंभव परिमार्जित कार्यों का समन्वयपूर्ण क्रियान्वयन
आवश्यक है। इस हेतु किये जाने वाले कार्यों की गणु वत्ता तथा अंततोगत्वा लागत की सामर्थ्य भी उतनी ही अच्छी होगी।
1.0 INTRODUCTION:
Rail Grinding is an important maintenance
tool, which helps in reducing the damage to
the rail, wheel and other track components,
thereby increasing their life and safety in
operations.
2.0 Purpose of Rail Grinding
(a) Rail grinding reduces the contact stresses

and maintains favourable steering of the
wheels. This will result in reduction in
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wear & tear and damage to the rail and
wheel surfaces.
(b) Rail grinding shifts the contact of majority

of the wheels from the area with surface
defects on the rail, thus avoiding further
growth of defects.

(c)

Rail grinding avoids the contact of
tread of wheel on misaligned welds,
thus resulting in reduction in hunting on
straight track and avoiding consequent
damage.
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(d) Rail grinding helps to control the damage

due to rolling contact fatigue and removes
the cracks in the initial stages of their
development, thus avoiding their further
growth deeper in the rail; thereby reducing
rail/weld failures. The cracks will not be
allowed to reach the stage of high growth
and will be ground in initial stages when
their growth is slow.

(e) Rail Grinding removes the corrugations

and other irregularities from the rail top
resulting in better riding quality.

(f)

Wheel radius is flatter than the rail radius
of new rails. With the passage of traffic,
the rail radius tends to get flattened
increasing the width of the contact band,
which is not desirable. This causes
hunting and damage to the rail surface.
Rail grinding will restore the rail crown
radius, thus reducing this damage.

(g) Rail

grinding removes the white
martensitic layer on rail top, which is the
cause for development of cracks due to its
brittle nature.

• Front Control Car or FCC is provided
with driving controls as well as all the
grinding controls. The camp coach is also
having driving controls known as Rear
Control Car or RCC.
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(h) Due to difference in hardness of rail and

heat affected zone (HAZ) near welds,
dip formation starts in the vicinity of the
weld due to differential wear. This weld
dip also promotes rolling contact fatigue
(RCF) in various forms and also causes
squat formation. This dip formation will
be avoided by regular rail grinding.

(i)

Rail grinding helps in reduction of
wear due to reduced contact stresses by
adoption of engineered rail profiles.

(j)

Where other surface defects such as wheel
burns, scabs, low or high welds etc. exist
on rail, rail grinding helps to taper down
the defects after each grinding pass so as
to reduce the damage due to these defects.

3.0 SALIENT FEATURES OF RAIL

GRINDING MACHINE (RGM)
•

The Rail Grinding Machine is not a single
vehicle but it consists of a formation of
control cars, grinding cars, water wagon
and camp coaches as shown in figure
below.

• Grinding Cars- Each consists of two grind
carriages and each carriage is having 12
grinding motors, 6 on each side.

9

Indian Railway Technical Bulletin

December 2021
• There is a water tank attached to
Rail Grinding Machine to ensure
sufficient availability of water to
take care of fire hazards. Water is
sprinkled through ‘Tie Sprays’ and
‘Ditch Sprays’ before the grinding
operation to prevent fire.

• Rail Grinding Machine is equipped with a
Rail Corrugation Analyzer (RCA) mounted
on front axle of rear drive truck. This
measures the rail corrugation while running
of the machine and gives an idea of the
level of corrugations present in the track for
facilitating decision for depth of cut.

Rail Corrugation Analyzer (RCA)
• A “Dust collection system” is provided in the
machine to suck the iron particles generated
during grinding to take them to a chamber
so that the iron filings will not cause any
damage to human beings (specially eyes)
and to protect the environment.

• For all grinding operations, the machine
is having 2 touch screen consoles known
as HMI (Human Machine Interface)
consoles. These consoles are used for
various settings, selection of patterns,
viewing machine working, etc.

(HMI Monitors)
• The machine is having two laser-based
rail profile measurement systems (known
as KLD) to measure the railhead profile
before and after the grinding. The afterground profile is compared with the target
rail profile by the machine software and an
10

index known as GQI (Grind Quality Index)
is displayed during the run. GQI gives an
indication as to how close or away we are
from the target rail profile. GQI value of
100 means that we have achieved the target
profile within the specified tolerances.
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4.0 Grinding Strategy: The metal removal
during the process of grinding and the
frequency of grinding is decided with a
purpose to control Rolling Contact Fatigue.
(i)

Corrective Grinding – Grinding done
for complete removal of corrugations and
surface defects in one cycle (with required
number of passes in same or continuous
blocks) to achieve the engineered rail
profile is called corrective grinding.

(ii)

Preventive Grinding – Grinding done
in the initial stages of defect generation is
called preventive grinding. In preventive
grinding, the grinding is done more
frequently but the amount of metal removed
during each cycle is much less as compared
to corrective grinding. Preventive grinding
is considered to be a better approach since
the grinding can be done in a single pass at
higher speed and the head hardened layer
on the rail top is not removed.

(iii) Preventive-Gradual Grinding – On

Indian railway the surface defects, in the
sections identified for rail grinding have
passed the stage of preventive grinding.
Corrective grinding on IR is not desirable
on account of issue of blocks and likelihood
of removal of head hardened layer. Thus,
the strategy of Preventive-gradual grinding
has been adopted wherein metal removal
to be done is more than that required in
case of preventive grinding but less than
that required for corrective grinding. The
stage of preventive grinding is expected to
be achieved on IR, after 3 to 4 cycles of
grinding.

(iv) Target Rail Profiles – Target rail profiles

are the rail profiles to be achieved after
rail grinding and are designed to produce
minimum contact stresses during rail
wheel interaction. Nature of Rail Wheel
interaction is different on straight track as
compared to curved track. It is different on
mild curves and on sharp curves, for high
rail and for low rail of a curve. The target
rail profiles to be achieved by grinding
are therefore different for each of these
locations and are designed to produce least
stresses during rail wheel interaction.
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(v)

Patterns – Grinding stones are positioned
across the railhead to achieve a particular
pattern for removal of metal. The position
of a stone is characterized by the angle
of the rotation axis of the stone from the
vertical. Thus, depending upon the angle,
the location of the grinding by each of the
stone on the railhead will vary. Power of
grinding motor can also be controlled.
A pattern will be defined by angle and
power of each of the motors working
on the railhead. For grinding at different
locations, it is required to select one of the
designed grinding patterns to achieve the
target rail profile in one or more passes.
Different patterns may be used for left
and right rail of the same track. Metal
removal from the railhead will depend
upon the following factors.
(a) The number of grinding stones
working on a rail
(b) The power of the motors
(c) Speed of grinding
(d) Number of passes
(e) Hardness of the rail
(f) Characteristics of grinding stones
(depending on specifications of the
manufacturer)
(g) Position of the grinding stones (angle
of axis of rotation of the stone).

(vi) Grind Data Management System
(GDMS) – The Grind Data Management
System is an integrated automatic data
acquisition, data management, quality
control, reporting, and planning tool
for Rail Grinding. GDMS is softwarebased system, which is fed with track
data, different pre-decided patterns and
proposed target profiles for different track
geometry and structure. It uses these
details to suggest patterns to be followed
for grinding at different locations. It
uses laser-based rail profile management
system available in the front as well
as on the rear of the grinding machine
to record the pre and post grinding rail
profile. By taking a measuring run in
advance, GDMS is having the facility of
11
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recommending one of the pre-fed patterns
to get target rail profile from the existing
rail profile. After measuring the existing
rail profile and choosing the target rail
profile, GDMS recommends patterns and
speed to get the most efficient results.
(vii) Grind Quality Index (GQI) – The post
grinding profile achieved is compared
with the target rail profile by GDMS and
an index known as GQI (Grind Quality
Index) is displayed during the run. GQI
gives an idea about variation from the
target rail profile. GQI value of 100 means
that we have achieved the target profile
within the specified tolerances. A lower
value indicates the deviation. GQI value of
80 or above can be considered acceptable.
5.0 Working Parameters of RGM:
(i) Target Profile – Indian Railways is
initially doing preventive gradual grinding

CPC AND CPF

8mm

CPC

on the basis of target profile to be achieved,
grind patterns and grinding frequency
in consultation with National Research
Council, Centre for Surface Transportation
Technology, Canada (NRC). Four target
rail profiles for use on Indian Railways has
been decided as shown below.
(a) Contact Point Central (CPC)
(b) Contact Point Field (CPF)
(c) High Rail Sharp (HRS)
(d) High Rail Mild (HRM)

(ii) Rail Wheel Contact Points – CPC and
CPF are one-point contact and HRS and
HRM are two-point contacts on railhead as
shown in the figure below. In CPF profile
the contact of the wheel on the rail will shift
towards the field side (cess side) while in
CPC the wheel will make the contact with
the rail in the centre.

HRS RAIL PROFILE

HRM RAIL PROFILE

8.7°

8.7° CONTACT ANGLE
0.21 MM GAUGE
CORNER GAP
0.0°
35° CONTACT
ANGLE
35°

5.5°

5.5° CONTACT ANGLE
0.4 MM GAUGE
CORNER GAP
0.0°
48° CONTACT
ANGLE
48°

CPF

(iii) Selection of Target Profile – For selecting
the target rail profile, a curve more than
1.25 degree is called a sharp curve. The
Location
Tangent (straight track)
Tangent (straight track)
Tangent (with hunting)
Tangent (single line)
High sharp
High mild
Low sharp
Low mild
Tangent
Low sharp and mild
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suggested profile for different
locations is tabulated below:

Table 5.1(Target Rail Profile)
Line/Curve
Rail Section
Grinding Template/Profiles
UP
60 Kg
CPF
DN
60 Kg
CPC
UP/DN
60 Kg
CPF
Single
60 Kg
CPF/CPC (Alternate CPC and CPF)
> 1.25o
60 Kg/52 Kg
HRS
o
≤ 1.25
60 Kg/52 Kg
HRM
o
≤ 1.25
60 Kg
CPF
o
> 1.25
60 Kg
CPC
UP/DN
52 Kg
CPC
UP/DN
52 Kg
CPC

track
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(iv) Grind Patterns – 49 grind patterns for
Indian Railways have been designed for
grinding. Since the target rail profile changes
from straight to a curved track and will also

December 2021
be different for the high rail and the low rail
of curved track, the pattern to be selected
will also be different for all such situations.
The grind patterns are shown below.

13

Indian Railway Technical Bulletin

December 2021
Only one pass is generally done for straight
track and 3 passes are done for curved track.
3 passes on curved track are done in the same
block by stopping the machine after first pass,
doing second pass by running the machine in
reverse direction, again stopping the machine
after second pass on curve followed by third
pass in normal direction. For the first pass on
curves, pattern suggested by OEM of machine
is used. The pattern for second and third

grinding passes on curves is suggested by
GDMS from the list of patterns on the basis of
profile achieved after first grinding pass and
known target profile. Target profile is known to
machine on the basis of track data with detail of
tangent, curve, starting and end of curve etc. fed
in GDMS in advance. The patterns suggested
above are only for first cycle of grinding on the
section. For subsequent cycles of grinding, the
patterns are required to be revised.

(v) Grind Cycle – The suggested grind cycle for preventive-gradual grinding is as below:
Cumulative GMT
in the section from
start of grinding
Cycle #
Tangent (Straight) Track
0
Grind 1
Single Pass at 15 kmph
25
Grind 2
Single Pass at 15 kmph
(Approx)
75
Grind 3
Single Pass at 15 kmph
(Approx)
125 & so on
Grind 4 & Single Pass at 15 kmph
(Approx)
so on

6.0 WORKING OF RAIL GRINDING

MACHINE:
(i)

Rail Grinding Machines procured by
Indian Railways are high productivity
grinders consisting of:
a) 72 stones, i.e., 36 stones for the left side
and 36 stones for the right-side rail.
b) 96 stones, i.e., 48 stones for the left side
and 48 stones for the right-side rail.

(ii) The machine is capable of grinding
through 100 curves (after removal of
check rails) and up to 3% gradients.
(iii) The machine will work in traffic block,
but no power block is required during the
grinding operation.
(iv) Grinding can be done in either direction
without the need for reversing the machine.
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(New Grinding Stone)

Track Classification
Mild Curves
3 passes at 18 kmph
3 passes at 18 kmph

Sharp Curves
3 passes at 18 kmph
3 passes at 18 kmph

3 passes at 18 kmph

3 passes at 18 kmph

3 passes at 18 kmph

3 passes at 18 kmph

(v) The machine can grind plain as well as
curved track (without check rails), track
in tunnels, track on bridges (guard rails
on bridges are not an obstruction), glued
joints, fish-plated joints. However, level
crossings, points & crossings, SEJs and
axle counters create obstructions and
are to be skipped by raising the grinding
stones while grinding. It has also been
observed that joggled fish plates provided
on high rail of sharp curves also create
an obstruction and should be removed
before grinding as far as possible.
(vi) The machine is capable of grinding at a
speed upto 24 km/h during grinding.
(vii) The grinding stones are having 250 mm
outer dia and 150 mm inner dia with 75
mm thickness. The life of the stone is
found to be 8-10 hours of grinding.

(Worn Out Grinding Stone)
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(viii) The machine can remove 0.2 mm of metal
on an average in each pass while grinding
at the working speed of 18 kmph and 0.13
mm at 22 kmph.
(ix) There is no need of any speed restriction on
the track after grinding or on the adjacent
track during grinding. However, as a
precaution, trains carrying inflammable
materials like Naphtha etc. should not be
run on the adjacent track during grinding
operation.
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rise beyond 3500C so that there are no
metallurgical changes in the rail.
7.0 Quality Inspection of Grinding: It
is essential to monitor quality of grinding.
Following methods are used for assessing
the benefit of grinding and grind quality
achieved.
Test Site Monitoring – It consists of stretch of
track covering three sleeper spacings divided
into three parts – first for measuring rail profile
by MINIPROF (Marked as MP), second for
taking surface photographs and the third for
doing Dye Penetration Test and taking DPT
photographs.

(x) During the grinding operation, it is
ensured that metal deformation does not
take place and the temperature should not

DYE
PENETRATION

MP

(a) Test Site – Each test site is selected so as
to be representative of 20 or 50 km length
of track. Inter-distance of the test sites will
depend on the variation in the features in
that section as explained below, along with
some more requirements of test site.
(i) Separate test sites should be chosen for

different track structures (52 kg/60kg)

(ii) For any major change in gradient or

formation structure, separate test site
should be selected.

(iii) Typically one SSE/P.Way section should

have minimum one test site each for mild
curve, sharp curve and tangent track.

(iv) Test site should be accessible by road for

ease of taking measurements.

(v) The rail of the test site should not be due

for renewal in next 3-4 years.

SURFACE
PHOTOGRAPHS

(vi) It should be away from signals, Level

crossing, yards, Bridges etc. so that
it is on a stretch on which traffic
normally moves at normal speed of
the section.

(b) Measurement by MINIPORF – The rail
profile will be measured by MINIPORF
every time before and after the grinding for
comparison.
(c) Monitoring Contact Band – The location
of contact of the wheel on the rail should
is taken every time before and after the
grinding for comparison
(d) Dye Penetration Test – Dye penetration
test is carried out before and after grinding.
Extent of reduction in number and length
of cracks indicates the efficacy of the
grinding.
15
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8.0 MONITORING EQUIPMENTS

FOR RAIL GRINDING:

(i) Rail Profile Measuring Equipment
(MINIPROF): Miniprof is an equipment
to measure the profile of the rail head
very accurately.
(ii) Bar Gauge: Bar Gauge is an instrument
to measure the deviation of rail profile
from the target rail profile quickly.
(iii) Star Gauge: Star Gauge is an instrument
for measuring the rail top radius. It is a
pentagon having different radii on its
different sides. By matching the radius
of the rail top with one of the sides, the
approximate radius of the rail top is
determined.
(iv) Digital Inclinometer: This equipment is
used to get the angle of a particular point
on the rail top i.e. the angle for the motor,
which will be grinding that particular
location of the rail.
(v) Surface Roughness Measuring Gauge:
The rail surface after the grinding is quite
rough due to the grinding marks left by the
stones on the rail. If the grinding quality
is poor due to any problem, the roughness
level could become unacceptable (beyond
12microns).
(vi) Rail Hardness Measuring Gauge: The
hardness of the rail plays an important
role in the metal being cut, frequency of
grinding etc. Rail hardness should also
be measured to make sure that the work
hardened layer of steel is not removed
from the rail top, thereby reducing the
hardness appreciably.
(vii) Other Equipment: In addition to above,
we need a good quality digital camera,
1m straight edge, a taper gauge, one steel
scale, feeler gauge, black marker pens,
cotton waste also. Dye Penetration Test is
also carried out at site for which we will
need the relevant solutions i.e. cleaner,
dye & penetrant.
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9.0 ADVANTAGES OF RAIL

GRINDING:

The advantages that will accrue by rail grinding
can be summarized as given below:
(a) Increased life of rail and wheel: There

is appreciable increase in life of the rails
after rail grinding. The life of the wheels
is also reported to increase by grinding of
rails.

(b) Improved reliability of assets: The

defect generation rate of rails is reported
to reduce to one-fourth on some of the
railway systems. Reduction in failures
will lead to increased safety and reliability
of train operations.

(c) Less tractive resistance due to lesser

impact & therefore be saving in fuel
consumption.

(d) Improved reliability of USFD testing:

Due to smooth and cleaner rail surface,
the reliability of USFD testing will
improve.

(e) Reduced track geometry deterioration:

The track geometry will retain for longer
period and the requirement of tamping of
the track should come down.

(f) Reduced degradation of ballast: Due

to lesser impact, the degradation rate
of ballast will come down. This should
result in reduction in the frequency of
deep screening of track.

(g) Less noise: The noise level goes down

after rail grinding.

(h) Reduced derailment proneness: The

overall improvement in rail wheel
interaction will result in better safety
performance.
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ATMANIRBHAR BHARAT IN IT FOR
ZONAL RAILWAYS’ COMMERCIAL DEPARTMENTS:
IN-HOUSE DEVELOPMENT OF APPLICATIONS FOR CUSTOMERS AND STAFF

J. Vinayan

Chief Commercial Manager/Passenger Marketing
Southern Railway

Abstract: Amongst the numerous public sector enterprises under Railway Ministry, IRCTC, CRIS
and RCIL are some of the organizations developing and maintaining software applications and
hardware for use of Railways in business management or backend operations. However, at the
Zonal and field level, there is always a short fall and frequent requirements of smaller applications
for business process solutions. Often these requirements are too small or too localized to come
under the ambit of CRIS or IRCTC who take up applications of a universal nature. Southern Railway
Commercial department, therefore has put together its own IT Cell consisting of IT Qualified staff
for developing its own locally made, locally managed applications without outsourcing in any
manner. The technical aspects of these applications are discussed in this paper.

सारांश: रेल मंत्रालय के अधीनस्थ राजकीय क्षेत्र के कई उपक्रमों में आईआरसीटीसी, क्रिस एवं आरसीआईएल जैसे कुछ
संगठन है जो व्यावसायिक प्रबंधन एवं बैकएंड प्रचालनों में रेलों के प्रयोग हेतु साफ्टवेयर अनप्रु योगों एवं हार्डवेयर का विकास
तथा अनरु क्षण कर रहे हैं। फिर भी, क्षेत्रीय एवं फील्ड स्तर पर व्यावसायिक प्रकिया समाधानों हेतु अधिक छोटे अनप्रु योगों की
हमेशा कमी होती है और इनकी आवश्यकता अक्सर बनी रहती है। अक्सर ये आवश्यकताएं, क्रिस अथवा आईआरसीटीसी,
जो वैश्विक प्रकृति के अनप्रु योगों को डील करते हैं, के दायरे में लाने हेतु बहुत छोटी एवं स्थानीय होती हैं। इसलिए दक्षिण रेलवे
के वाणिज्य विभाग ने किसी भी प्रकार की आउटसोर्सिंग किए बिना स्थानीय रूप से तैयार एवं स्थानीय प्रबंधित अनप्रु योग के
विकास हेतु सूचना प्रौद्योगिकीय योग्यता प्राप्त कर्मचारियों को शामिल करते हुए अपना स्वयं का आईटी सेल गठित किया है।
इस प्रलेख में इन अनप्रु योगों के तकनीकी पहलों पर विचार विमर्श किया गया है।
1. Introduction:
1.1 Though Railway Ministry has organizations
like CRIS & IRCTC to run ticketing services,
Southern Railway has recently set up its
own 'IT and Innovation Cell' to develop IT
applications to improve the experience of
passengers, ease the work of the staff and
enhance the efficiency and productivity of
our systems and processes.
1.2 During the last two years a series of
innovative IT products were developed and

introduced for our customers, passengers
and staff by the IT & Innovation Cell
of Passenger Marketing department of
Southern Railway Commercial Branch. All
these innovations were developed in-house
by our staff without engaging any private
vendor or service provider. These products
and services are already being used by
thousands of customers and staff and we are
getting positive feedback on a daily basis.
These Applications are discussed below:
17
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1.

Rail Partner: For passengers with a host of
useful current information on trains.

2.

Rail Census: For conduct of annual
passenger Census organized by all railways.

3.

Rail Dhandora: For dissemination of all
Railway rules, circulars and policies for
staff and customers.

4.

Ticketing Peripherals Management
System
(TPMS):
For
lifecycle
management of all ticketing equipments
like printers, computers, routers etc.
across the railway.

5.

Outstandings Data Management System
Application (ODMS): For management of
Station outstandings across the railway.

2. The following methods were utilized in
the development of these applications
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2.2 Prototype Development and Lab testing
Prototyping is an essential step in the
development of an Application. We convert our
idea into a concept. We gather the requirements
from all the stake holders and users. ‘Use case’
diagrams are prepared. After brainstorming
those requirements are documented. Prototype
of the required screens are designed and
validated. As per the prototype, we code the
product using the current technologies in the
market and final product is ready for testing. We
do rigorous testing at our end to make it ‘bugfree’ before deployment.
2.3 Field Testing by User
Selected field users are trained and provided
with the application for beta testing. They try to
fail it as many times as possible and provide us
valuable feedback.

2.1 Development Methodology

2.4 Implementation

We followed ‘Agile Software Development’
Methodology. It is an approach used to
design a disciplined software management
process which also allows some subsequent
and frequent alterations in the development
project. This type of software development
methodology is a conceptual framework for
undertaking various software engineering
projects. It is used to minimize the risk
involved, by developing software in short
time boxes which are called iterations that
generally last for one week to one month.

Once feedbacks are received from the field
user, we fix those issues and make product
ready for final release. Android Applications
are deployed only through Google Play Store
for security purposes. Web Applications are
deployed in our own Commercial Department
Server in the Data Centre at Chennai.
3.1 Rail Partner Android Application
3.1.1 Concept
The word “Partner “means a companion,
helpmate or a friend. This App will be a
helpmate for providing all kinds of information
needed by Public to plan their rail journey and
a companion during their journey to facilitate
various requirements on trains and at stations.
RAIL PARTNER is a cut above all other
privately managed apps in cyberspace because
of its authenticity, accuracy and currency.
3.1.2 Working – Rail Partner
Rail Partner has six menus; namely Chennai
Suburban information, Reserved Trains Timings
Enquiries, SMS based services, Value Added
Services, Rail Contacts and FAQs. For Chennai
suburban timings, the data is made available
in the mobile phone itself. This data will be
automatically uploaded when they install or
update this app. whenever a change in suburban

18
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time table happens; the same will be also
updated in the mobile storage. For reserved train
timings, this app is developed in such a way that
it works both offline and online. SMS based
services include PNR Status, Spot your train,
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Platform Position and On Board Services etc., In
value added services, it registers the demands of
railway customers for special trains in any sector
on this railway. It also takes requests for special
coaches or train booking enquiry.

It also collects data about large gatherings or
festivals taking place anywhere in the railway,
so that we can plan our services accordingly.
This feature is unique among all the apps
available today.

All Contact numbers that a passenger will need
during her journey are provided in the app for
direct calling. These include security, cleaning,
catering and running information.
19
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system which carries 701.76
unreserved and 84.24 million
passengers every year (Southern
2019-2020 figures). This is critical
intelligence.

million
reserved
Railway
business

At present, manual census are taken twice a
year in the month of May and November,
over a period of 7 days. The compilation of
the data of number of passengers travelling
in unreserved coaches takes minimum of 3-4
months and thousands of man hours from the
date of taking census. In order to streamline
the procedure and to have the data on real
time basis Rail Census Application has been
developed. Rail Census App is easy to handle
by the field staff, Division and at Head Quarters
level.

In our FAQ section, it provides answers to all
sorts of queries from passenger’s amenities
and ticketing to refunds, claims and parcel
booking.
3.1.3 Rail Partner available on Google Play
Store at:
https://play.google.com/store/apps/details?id=
in.org.railnet.railpartner&hl=en
3.2 Rail Census Android Application
3.2.1 Concept:
Every year, on two occasions, the entire
Indian Railways carries out a census of its
passengers. While accurate train wise data
of reserved passengers is available from the
Passenger Reservation System, the same is
not available for unreserved passengers and
only station wise ticket issued details are
available. But it is vital to know the train
wise data of passengers carried in a Railway
20
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3.2.2 Advantages – Rail Census
To crash the time from the actual head count to
final reports.
1. It is paperless and eco-friendly.
2. Availability of passenger Census data for
Real time decision making.
3. Reduce valuable man power in preparation
of summary and documentation.
4. Instantly populate the central database and
get data in the desired form immediately.

5. Centralized monitoring of field work.
6. Data warehousing and mining for historical
data can be done instantly and with ease.
7. Ad hoc, short-time census, any time for
specific purpose such as melas, festivals and
special trains can be done.
8. Special types of census like count of
Senior Citizens, students, Male/ Female,
Handicapped, etc can be done with very
little effort by the user.
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3.3 Rail Dhandora Android Application
3.3.1Concept
Rail Dhandora is an Android Application
which gives all the rules and circulars relevant
to railways at the finger tips for Passengers,
Freight Customers, Parcel Customers and
Employees which hitherto had to be done either
by going through voluminous files or searching
across multiple websites or a personal visit to
the custodian of the documents.
Once a new circular is issued it is automatically
loaded in the Rail Dhandora app and a
notification will be triggered which help them
to know that a new Circular is issued. Important
and relevant Judgments from various courts,
Commercial Manual, Traffic Code etc. and
other important information that are helpful for
Passengers, Freight Customers and Employees
are also provided for easy reference. The
required circular can be downloaded through
the App and also can be shared using e-mail,
Whatsapp, Telegram etc. between employees
and customers. The Dhandora App also makes

3.3.2 Advantages - Rail Dhandora
Learning/self-education has become a
habit in Indian Railways. As circulars are
reaching to employees at a fingertip by the
click on Mobile, it has increased the habit
of reading of circulars among employees.
This is handy to them when they get struck
up regarding any rule to implement. They
can search the circulars by giving any key
words. Using the keyword, our App will
22

available dozens of useful forms used by
customers and employees in day to day working
along with passenger fare table and parcel fare
table which are very helpful to field staff
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list all the relevant circulars. This has
decreased the time involved in searching
of various circulars physically. Customers
and Employees are using this App for
reference in their day to day working. All
office related information to employees
is provided, so that they can become selfreliant and more efficient in discharging
their duties. Public can download useful

3.4.1 Concept
Indian Railways have progressed from issuing
printed card tickets blank paper tickets and
season tickets to computerized ticketing system
.For issue of tickets in the computerized system
various equipments are required Basically at the
station level telecommunication equipments are
required for effective communication between
the server and the station. The physical issue of
tickets is being done through thin clients and
printers. Electronic equipments need periodical
maintenance and are also bound to fail at any
time. The details of the equipments and their
failures are being recorded manually with
information to Unreserved Ticketing System
(UTS)/Passenger Reservation System (PRS)
console for rectification .The console Staff
record the complaints and inform the agency
involved in rectification of the complaint. The
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forms instead of going to various offices to
collect them for their use.
3.3.3 Rail Dhandora available on Google
Play Store at: https://play.google.com/
store/apps/details?id=in.org.railnet.
raildhandora&hl=en
3.4 Ticketing Peripherals Management System
(TPMS)

station staff has to intimate the console as and
when the equipment is rectified. The console
staff updates the rectification details along
with the timings. Daily statements of failures
are being extracted and followed up by staff
at Chief Commercial Manager/Passenger
Marketing office.
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an urgent need to simplify the procedure and
reduce the time lag in informing the service
agencies and also analyze the failure data.
Hence a multipurpose application for capturing
the data regarding availability of peripherals /
Equipments at each
Station, their failures/rectification is being
proposed.

This application is mobile web based at user
level, it can be used in any smart phones and
web based application for console level. There
is enormous manual work involved and also
delay in getting information at console, being
passed on to the service agencies etc. There is

This App is acting as a connecting link between
Stations and Officers. Decision makers are
well informed about the latest status of the
peripherals without having to wait for reports
from divisions. This is the first step to empower
Stations with Web Technology.
S. No

Division

Peripherals

1

Chennai

3,415

2

Tiruchirapalli

1,472

3

Madurai

1,723

24

In this application the details of each and
every individual equipment that is available
at a station is entered. The details of failures
can be entered by a station staff themselves
.The console on getting the complaint ticket
number will forward the same to the respective
service agencies. Once the failure is rectified
the station staff will again enter the data
regarding the time and date of rectification.
This will be updated in the system and can be
seen in the MIS.

4

Palghat

1,381

5

Trivandrum

1,620

6

Salem

1,439

Total

11,050

3.4.2 TPMS Application link: www.srtpms.com
3.4.3 Server Side - TPMS
TPMS server side coding is based on MEAN
Stack which uses JavaScript language.
M=Mongo DB Database, E=Express, A=
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3.4.4 Client Side - TPMS
‘Angular’ is used for Front end .It uses
‘bootstrap’ to make the application responsive.
This helps the App to change according to the
screen size of the user’s device.
3.4.5 Advantages - TPMS
1. Removes the need for the station staff to
inform the Headquarters Console regarding
failure of equipment’s. Since data regarding
failures are updated instantly, fed in by
station staff.
2. Service agencies can be informed
immediately after the failure across thereby
reducing the time lag.
3. Stations are well informed about the status
of the complaint and also email notification
is sent to Station in charge and Technician
about the complaint.
4. Service time can be monitored effectively
since the details will be entered as
and when the failure occurs and its
rectification.
5. Details of peripheral available at a station
and its condition need for replacement can
be monitored at Division / Headquarters
level.

Angular, N= Node JS. Node JS is asynchronous,
i.e. Asynchronous code allows the program
to be executed immediately where the
synchronous code will block further execution
of the remaining code until it finishes the current
one. It has been developed using open sources
libraries.

6. Time taken for rectification of a failure can
be extracted easily which hither to had to be
done manually.
7. Better time management in attending the
failures.
8. Helps in accessing machine performance
and possible recurring complaints.
9. Monitoring of recurring complaints.
10. Performance
of
service
agencies,
manufactures, peripherals etc. can be known
just by a click.
11. Complete life cycle of peripheral can be
monitored.
12. Can Download Reports from App, this
decreases the manual work involved in
preparing respective reports.
25
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13. MIS reports helps in Managerial decision
making.
14. TPMS will give the details of the
equipment’s available at a particular
station at any given point of time. We can
also find out the age of the equipment’s and
its working condition.
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valuable man hours in completing the Outstanding
Reports. Outstanding Web Application is easy to
handle by the station, Division and Head Quarters
Staffs/CCIs. No additional expenditure in creating
this Web-Application.
It is a GO GREEN initiative, completely
paperless.

15. As the age of the equipment’s are readily
available, proposals for replacement can
be arrived at easily and also the need for
supplying new equipment’s to Stations can
be accessed just by a click.

3.5.2 Advantages – ODMS

16. The same application can be tweaked for
any Department in Central and State
Government for maintenance of their
equipment’s.

3. Accuracy of the reports.

3.5 Outstandings Data Management System
Application(ODMS)

5. Instantly populate the central database and
get data in the desired reports in a single
click.

3.5.1 Concept
‘Outstanding’ refers to amounts remaining
unresolved/to be settled, at any business
location at the end of the business day, month or
year. Managing of such outstanding at Railway
stations has been an on-going challenge faced
by Railway managers over decades.
At present, the ‘Outstanding’ reports are
being manually prepared for every month and
Financial Year by the deputed Staffs/Inspectors
in their respective divisions’, the reports been
sent to the consent Head Quarters office in order
to submit the outstanding reports to Railway
Board.
A commercial courier (railway staff) collects
the outstanding reports from the stations
and delivers it to the respective division at
headquarters. This manual work takes 4-5 days.
The compilation of the reports at division level
takes a few days and at takes another 5 days to
send the reports to Head Quarters.
In order to streamline the procedure and to have
the data on real time basis OUTSTANDINGS
DATA MANAGEMENT SYSTEM, a web
based application has been developed.
This WebApplication has been developed by the ITCell of CCM/PM Office taking into account of the
26

1. Completely an IN-HOUSE project, no cost
involved.
2. Reduction of Man hours.
4. Data warehousing and mining for historical
data can be done instantly with ease.

6. Completely
eliminate
manual
data
compilation at Divisions and Headquarters
level.
7. Quick generation of the reports.
8. User-friendly.
9. Curtailing expenditure.
10. Go-Green and completely paperless.
11. Customized reports.
12. Analytical reports.
13. Privacy for the user.
3.5.3 ODMS Application link: (Available only
on railnet)
http://10.185.5.223/catg/OutStandinglogin.
aspx
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approach for Zonal Railway to put in place their
own IT Cells. Preferably such IT Cells should
include technically qualified staff from various
departments brought together for brainstorming,
problem solving and App development.

6. References
1. Rail Partner Android Application SKOCH
Award Beacons of Hope link:
https://exhibition.skoch.in/beacons-of-hope/
southern-railway-3/
2. Rail Dhandora Android Application SKOCH
Award Beacons of Hope link:
https://exhibition.skoch.in/beacons-of-hope/
southern-railway-4/
3. Rail Census Android Application SKOCH
Award Beacons of Hope link:
https://exhibition.skoch.in/beacons-of-hope/
southern-railway/
4. Rail Partner Android Application YouTube
video link:
https://www.youtube.com/watch?v=2U3UZ
vrHW8g
5. Rail Dhandora Android Application YouTube
video link:
https://www.youtube.com/watch?v=yhInt
VPAEzM
6. Rail Census Android Application You Tube
video link:

4. Future Plans
Rail Partner became an authentic App for many
users in Southern Railway. We are increasing
the size and scope of Rail Partner by including
Rail Tourism. Concession App for Divyangjan
is under development.

5. Conclusion
It goes without saying that though centrally
managed organizations like CRIS and IRCTC
are available, it is a fact that they can at best
cater to global or universal kind of requirements
covering whole of Indian Railways. For
localised requirements at field level it makes
very good business sense and practical

https://www.youtube.com/watch?v=p-xgYe_rx04
7. TPMS Application You Tube video link:
https://www.youtube.com/watch?v=6u55ItyA1lM
8. ODMS Application You Tube video link:
https://www.youtube.com/watch?v=8XEC7
RtZGpY
13. TPMS PPT PDF:
https://tpmsapp.s3.ap-south-1.amazonaws.
com/TPMS.pdf
14. TPMS Division Manual for peripherals entry:
https://tpmsapp.s3.ap-south-1.amazonaws.
com/Division+Manual.pdf
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LATEST DEVELOPMENTS IN INDIGENOUS RAILWAY TECHNOLOGY

Alok Kumar Mishra
Dy. CMM/General Store Depot
NCR, Kanpur

Abstract: Indian Railways is dedicated to fully implement the Campaign of “Atmanirbhar
Bharat” launched by our Prime Minister. India imports 85 percent of our crude oil requirement.
To reduce the dependency of imports of crude oil, Indian Railway is working towards 100 percent
electrification of trains and target for 100 percent electrification is December 2023. In addition to
the above, Indian Railway makes mandatory to mention the percentage of indigenous content (MII
content) by firm who wish to supply the material in Indian Railway and who wish to participate
in tenders issued by Indian Railways for their own use. Besides this, Indian Railways are trying to
improve the facilities of passengers including the safety of passengers by adopting the innovative
and modern techniques so that revenue of railways are also increased.

सारांश: भारतीय रेलवे प्रधानमंत्री जी के द्वारा चलाए जा रहे आत्मनिर्भर भारत अभियान को पूर्ण रुप से लागू करने हेतु दृढ़
संकल्प है। भारत अपनी आवश्यकता का 85% क्रू ड आयल आयात करता है। क्रू ड आयल पर निर्भरता कम करने के लिये,
भारतीय रेलवे 100% रेलांे के विद्युतीकरण के कार्य हेतु प्रयासरत है और दिसम्बर 2023 तक रेलो मे पूर्ण विद्युतीकरण का
लक्ष्य रखा है। इसके अतिरिक्त भारतीय रेलवे ने रेलवे के टेन्डर जारी करते समय यह अनिवार्य कर दिया है कि प्रत्येक फर्म
जो भारतीय रेलवे के टेन्डर में भाग लेना चाहती है उसे टेन्डर भरते समय प्रत्येक मद का मेक इन इन्डिया उत्पाद का प्रतिशत
बताना पड़ेगा अर्थात इस मद में स्वदेशी उत्पाद का प्रतिशत कितना है। इसके अतिरिक्त भारतीय रेलवे, यात्रियों की सविध
ु ाओं
में सधु ार, जिसमें यात्रियों की सरु क्षा भी शामिल है, के लगाातार प्रयास कर रहा है जिसके लिये आधनि
ु क और नई नई तकनीकों
का इस्तेमाल हो रहा है जिससे भारतीय रेलवे का राजस्व बढ़ाया जा सके ।
Prime Minister inaugurated Gandhinagar Capital,
India’s first redeveloped railway station, on July
16th 2021. It provides an airport-like experience
to passenger with facilities such as a luxury hotel
of 318 rooms, theme based lighting, an interfaith
prayer hall and a separate baby feeding room. The
upgraded station has an interfaith prayer hall – a
first for the country’s vast railway network – a
column-free, sleek and economical space frame
spanning 105-meter over the platform with all –
weather aluminium sheeting for the comfort of
passengers. The roof is in the shape of an arch.
The structure is designed and provided with green
building rating features and has already obtained
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sustainability standards green certification from the
Associated Chambers of Commerce and Industry
of India (ASSOCHAM).Among others facilities,
the station has segregated entry and exit through
landscaped area, Divyang-friendly special ticket
booking counters, ramps, lifts, dedicated parking
space, and a dedicated art gallery with live LED
wall display lounge. The station also has a stateof–the-art external façade with daily theme based
lighting, vertical green wall, and a centralized AC
waiting lounge. This creates new source of revenue
for the railways as well new experience for the
passengers. In order to segregate the passengers,
a concourse is planned for departing passengers,
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and two subways for arriving ones. The station is
future-ready, and the concourse will be used for
departing passengers when their numbers increase
at the station. The redevelopment work on the
Gandhinagar capital station started in 2017.
As many as 150 railway stations will
be redeveloped in the entire country, of
which, eight stations in Rajasthan will be
redeveloped in first phase.The 8 stations to be
redeveloped in the state are Jaipur, Gandhinagar
(Jaipur),Jodhpur,Ajmer,Udaipur,Jaisalmer,Bikaner
and Abu Road (Sirohi).
Another 300 Stations will be connected with a
high speed corridor.The work on the electrification
of rail lines is under progress at a fast pace and
it would be completed in next a year and a half.
“Electrification would lead to the realisation of
AtmaNirbhar Bharat”.
The Northeast Frontier Railway (NFR) has
completed the electrification work of the total 649
Route Kilometre (RKM)/1294 Tonne Kilometre
(TKM) of high density network(HDN) from
Katihar to Guwahati on 12 Oct 2021 which will
now connect all major cities of the country with
Guwahati on Electric Traction along with providing
the greener transportation in the north-east,this
railway electrification up to Guwahati shall lead
to saving of foreign exchange spent on HSD oil
of about Rs.300 crore per annum. The HSD Oil
consumption will be reduced by about 3400 KL per
month.The travel time between Guwahati to Katihar
and Malda Town is also likely to reduce by up to 2
hours as trains can now move at higher speed. The
line capacity enhancement of up to 10-15% will
lead to reducing the level of saturation on many of
the sections on the NF Rly allowing more trains
to run. The NF Rly encompasses difficult terrain
with a large number of graded sections, curves and
bridges. The electric traction will eliminate the
need for multi diesel locos. Additional Rajdhani
Express Trains can now be introduced for NE states
like Manipur, Mizoram, Meghalaya, Nagaland and
Sikkim.
The Rail Kaushal Vikas Yojana (RKVY) Scheme
was launched on Sep 17, 2021 by Railway Minister.
The RKVY programme empowers local youth by
way of providing entry-level training in industry
relevant skills through railway training institutes.
Banaras Locomotive Works (BLW), Varanasi is
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the nodal agency for the implementation of the
RKVY scheme, distributed self-employment
toolkits and certificates to the first batch of the
total 54 trainees,who have completed their 100
hour training in various technical trades, including
electricians, fitters, machinists and welder under
the RKVY Scheme on 13th Oct 2021.
Indian Railways is now embarking on a fresh
Journey to quickly build 75 indigenously designed,
semi high speed Vande Bharat trains by Aug 2023,
a deadline publicly set by Prime Minister.Vande
Bharat Train is a 16 coach, Stylish train set with
no separate locomotive, design and developed
in the ICF Chennai. Its operational speed is 160
Km per hour although it recorded 180 Kmph
during its trial in 2019.These high speed trains
have a large variety of features, which include,
onboard infotainment, GPS – based passenger
information system, CCTV Cameras, automatic
sliding doors with retractable coach footsteps
and zero discharge vacuum-based bio-toilets. The
next set of Vande Bharat trains are all set to come
with new facilities. These include centralized
coach monitoring systems and features specially
designed for emergency evacuation. Four disaster
lights will also be provided in each coach to be
used in the event of failure of all other lights in a
disaster situation. The number of emergency push
buttons will also be increased from the present two
to four. Fire survival cables in door circuits will
also be installed in the new trains. In order to make
the Vande Bharat trains safer, and more reliable
the air purification system has been reworked
with ventilation for three hours in case of failure.
Aside from that, the trains will also have higher
flood protection underframe equipment. The first
prototype with these specifications will tentatively
be dispatched in March 2022.Consequently, they
will put for commercial service tentatively by
June 2022, the officials said.
As Public Spitting remains a major nuisance
despite more stringent provisions introduced
during the COVID-19 pandemic, a pocket - sized
reusable and biodegradable spitoon with seeds that
will grow into plants when it is disposed of, is the
latest green innovation being pushed by Indian
Railways to tackle the menace. It is estimated
that the Indian Railways spends around Rs. 1200
Crore and a lot of water annually to clean the stains
and marks caused by spitting on its premises,
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especially by pan and tobacco users. To discourage
passengers from spitting on railway premises,
Vending machines or Kiosks are being set up at 42
stations of Central, Northern and Western Railway
to provide the spittoon pouch for as little as Rs.5
to Rs.10. These spittoons can be easily carried in
pockets and enable passengers to spit whenever
they want and wherever they want while leaving
the rail premises without ugly stains.The product
features macromolecule pulp technology and is
equipped with a material that locks in bacteria and
viruses present in salvia. This is a win-win for both
Railways and passengers.
The Indian Railways has launched two long
haul freight trains on Oct 10, 2021 “Trishul”
and “Garuda” which are twice or multiple times
longer than the normal composition of freight
trains. Trishul is South Central Railway’s first long
haul train comprising three freight trains, i.e. 177
wagons. Saving of path across congested routes,
quicker transit time, maximizing throughput of
critical sections, savings in crews are the major
operational benefits of running long haul trains,
which help the Indian Railways to serve its freight
customers better.
In an innovative idea for the first time, South
Western Railway, Hubballi Division on Oct 8, 2021
utilised idle AC coaches to transport chocolates
and other food products, which require low and
controlled temperature during the transit. On Oct 8,
2021, chocolates and noodles weighing 163 tonnes
were loaded in 18 AC coaches from Vasco Da
Gama in Goa to Okhla in Delhi. This has fetched a
revenue of Rs. 12.83 lakhs to the railways. This new
stream of traffic has been captured by the railways
which was traditionally transported by Road. This
approach is being appreciated by industries and
merchants thereby increase in volumes.
The Railways operated its first AC parcel train
on Oct 01, 2021 using passenger coaches to carry
refrigerated cargo of chocolates and snacks. The
parcel train was operated by the Northern Rly from
Sanehwal in Ferozpur Division to Yeshwantpur in
South Western Railway. The seats of the passenger
coaches have been removed to accommodate the
cargo as part of the experiment to use such coaches
which are lying idle. The cargo consisting of edible
snacks, chocolates, raw material for chocolates,
magi noodles, sauce and textiles etc weighed 121
tonne.
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The Udhampur – Srinagar – Baramula rail link
project is the most ambitious railway project
in India post independence and the railways is
working at full capacity so that the project will
be completed by 2023. It will be a Game Changer
for entire Jammu and Kashmir. The project is
challenging as the route is mountainous. Several
bridges and tunnels had to be made to complete
the project.
On 6th Sep 2021, Indian Railways launched its
new AC-3 Tier Economy Coaches with 83 berths.
A ticket for this coach is 8% lesser than the three
– tier AC Coach. The coach has been attached to
the Prayagraj – Jaipur Express (Train No. 02403).
Provision of entry into the coach and disabled
– friendly toilet in a wheel chair has been made,
which is a new initiative.The AC ducting has also
been redesigned to provide individual vents for each
berth conveniences have improved as foldable snack
tables, injury free spaces, individual reading lights
and USB charging points have been added. A new
ergonomically improved design of the ladder has
also been added. There is also increased headroom
in the upper and middle berths. The toilets have
also improved as the design of Indian and Western
– style lavatories has changed. The interior of the
coach has luminescent aisle markers, illuminated
berth indicators, integrated with night lights with
luminescent berth numbers. Besides that, fire safety
has been improved by ensuring compliance to the
World benchmark of EN45545-2HL3 for materials,
thus meeting the high requirements of the new fire
protection standard.
The LHB Coaches are anti – telescopic, meaning
that they do not flip in case of a collision, safer,
lighter, more comfortable and Jerk free. The Phase
wise replacement of the conventional coaches with
LHB Coaches is being done from the safety point
of view.
A trial run of an AC electric locomotive was
successfully conducted at the 41 – Km newly
electrified Pollachi – Podanur Junctions on
Wednesday Sep 01, 2021. The trial was held to
check the efficacy of the overhead electric (OHE)
traction distribution system.
The Central Railway has set up a “Restaurant on
Wheels” at the iconic Chhatrapati Shivaji Maharaj
Terminus (CSMT) in South Mumbai, which will
offer a unique experience to diners inside the coach
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mounted on rails. According to a release issued by
CR on 19th Oct 2021, this restaurant has been made
using a discarded rail coach which will become a
landmark eating house in this area.
The Indian Railways recreated the iconic song,
Mile Sur Mera Tumhara, which brought about a
sense of integrity and unity to anyone who listen
to it. The new version has scenes from the Tokyo
Olympics 2021.The winning moments of Mirabai
Chanu, Neeraj Chopra and Ravi Dahia, among
others, could also be seen.
The Railways delivered a consignment of 200
tonnes of liquid medical oxygen on an Oxygen
Express Train to neighbouring Bangladesh on
25th July 2021. This is the first time that the lifesaving gas is destined for delivery outside the
country. During the peak of the second wave of
the coronavirus crisis in India when states were
grappling with shortage of oxygen, the Railways
began operating the Oxygen Express Trains. The
railways runs around 480 such trains and carried
36,841 tonnes of liquid medical oxygen across
the country since it started operations on April
24, 2021. As India completes the administration
of 100 crore COVID-19 vaccine doses, Union
Railway Minister Ashwini Vaishnaw on 21
Oct 2021 highlighted the contribution of
Indian Railways to the nationwide vaccination
program. “Railways contributed massively to
this country-wide vaccination programme via
utilisation of railway hospitals and logistical
support,” he said.
The IRCTC has opened a new airport style World
Class Executive Lounge at the New Delhi Railway
station on 20 Sep 2021. It’s set up on the first floor
of Platform No. 1. The new lounge offers recliners,
spacious luggage racks, restrooms with wash
and change facilities, shoe shiners, newspapers
and magazines and a fully operational business
centre with a computer, printer, Photostat and
fax facility. It also offers visitors complementary
and paid services such as channel music, wi-fi,
television, train information display, beverages and
multi-cuisine buffets. Passengers will have to pay
an entry charge of Rs.150 plus taxes for the first
hour and Rs.99 for each extra hour. The lounge is
operational on a 24x7 basis and the entry charges
include access to most of the services. There are
also separate bath facilities for woman and man at
an extra charge.
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Vistadome trains, introduced in India in the year
2017, have coaches with large glass windows and
glass roofs. They give an almost 360 degree view
of the skies and the scenery as the train chugs
through hills and forests and plains. The coaches
have rotating seats, in case the grass looks greener
through the other window. Initially, a coach was
introduced on the Jan Shatabdi express on the
Mumbai-Goa route in 2017 for travelers to have a
better view of the western Ghats. Then on, these
coaches were added on the Mumbai – Pune,
Yesvantpur – Mangaluru, Shimla – Kalka and other
routes. The railway looks to tap more such sectors
with tourism potential. This helps to generate
additional revenue for the railway and also for
local people of these areas. The Northeast Frontier
Railway is from Aug 28,2021 introduced vistadome
tourist special trains services in two popular routes
– Jalpaiguri-Alipurduar Junction in West Bengal
and Guwahati-New Haflong in Assam.
Tripura exported more than 53000 tonnes of rubber
during the financial year 2020-21 to places like
Jalandhar, Ludhiana and Delhi. Transportation
normally takes place through road sector. Northeast
Frontier Railway has started transportation of
rubber sheets and products as a new stream of
goods traffic from Tripura to various destinations at
a much cheaper rate in comparison to road sector.
The Northeast Frontier Railway will build a “toy
train” in the picturesque hilltop town of Tawang,
home to the World’s biggest Buddhist monastery
outside Tibet. Arunchal Pradesh Chief Minister
Pema Khandu gave his nod to the project proposal
during his meeting with NFR GM on Aug 12,2021.
The toy train will be an added attraction in the
tourist spot of Tawang, situated at an elevation of
approximately 3048 metres in western Arunachal
Pradesh, and 448 Km from state capital Itanagar
and close to Indo-china border. Tawang, where the
current Dalai Lama rested for a few days after his
escape from Tibet in 1959, fell to Chinese troops
briefly in the 1962 war between India and China
and is considered a strategic town, which china still
claims is part of Tibet and thus part of Beijing’s
domain. The project envisages a tourist-centric toy
train service in and around Tawang township that
would include a park with facilities like food centres
and craft bazaar. The proposal is for a train that
would have at least three bogies with a passenger
capacity of about 12 in each. The train will run
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only in the town.The NF Railway is already in
the process of constructing a broad gauge railway
line from Bhalukpong in the foothills to Tawang
covering a distance of 378 Km, of which about 80
per cent will pass through tunnels.

ARTs have been equipped with VSAT connectivity
to strengthen the communication system between
the accident spot and Railway control rooms and
officers concerned. Railways check and update
these facilities at regular intervals.

The Very Small Aperture Terminal (VSAT)
communication equipment installed in the
Accident Relief Train (ART) of Palakkad Division
was successfully tested from nearby Madukkarai
Railway Station on July 14, 2021.In the mock
exercise, video data of relief operations pertaining
to a derailment (look like) spot was transmitted to
the Railway Board. VSAT is a one way satellite
ground station with a dish antenna and the facility is
being utilized effectively by the Railway in disaster
management. The data in video collected from the
site is relayed from the VSAT dish antenna to the
satellite, with which connection would already have
been established and then relayed to a central hub,
which regulates it before transmitting to the Zonal
and Divisional control rooms. ART is dedicated train
formation used in disaster management operations.

The Railways and its PSU RailTel have installed
IP-based CCTV surveillance cameras at 813
major stations across the country, giving a major
boost to the safety and security of passengers
especially women and children. These CCTVs
are being networked on optical fibre cable and
the their video feed is being displayed not only
at local RPF posts but also at a centralized CCTV
control room at divisional and zonal level. A
Network Management System (NMS) has also
been provided for monitoring of cameras, server,
UPS and switches which can be viewed from any
web browser by authorized personnel. Four types
of IP cameras (Dome type, bullet types, Pan Tilt
Zoom type and Ultra HD-4k) are being installed
to ensure maximum coverage inside the railway
premises.
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WORKING AND TROUBLESHOOTING GUIDE OF UNDER WATER
PLASMA CUTTING MACHINE

Baldev Raj

Sr. Section Engineer/ELN-I
Rail Coach Factory, Kapurthala

Sanjeev

Sr. Section Engineer/ELN-I
Rail Coach Factory, Kapurthala

Abstract: This troubleshooting guide allows a qualified technician to troubleshoot Hypertherm
HPR systems. The guide can be used to identify problems with, or verify the proper function of,
sensors, relay outputs, and printed circuit boards (PCBs). It can be used to verify the functionality of
key HPR system interfaces such as the CNC input and output signals, RS-422 serial communications
between the power supply and the CNC, and CAN communications among HPR modules.

सारांश: यह समस्या निवारण मार्ग दर्शिका एक योग्य तकनीशियन को हाइपर थर्म एचपीआर सिस्टम के समस्या निवारण की
अनमु ति देती है। गाइड का उपयोग सेंसर, रिले आउटपटु और प्रिंटेड सर्कि ट बोर्ड (पीसीबी) के साथ समस्याओं की पहचान
करने या उनके उचित कार्य को सत्यापित करने के लिए किया जा सकता है। इसका उपयोग प्रमख
ु एचपीआर सिस्टम इंटर
फे स की कार्यक्षमता जैसे किसी एनसी इनपटु और आउटपटु सिग्नल, एचपीआर मॉड् यूल और सीएनसी के बीच सीरियल
संचार को सत्यापित करने के लिए किया जा सकता है।
1.0 UNDER WATER PLASMA CUTTING
The STAKO Plasma and ADOR Plasma
CNC machine of Bogie Shop are under water

plasma cutting machines. Both these machine
are equipped with Hypertherm HPR 260 XD
Plasma Power source.
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2.0 INTRODUCTION
The industrial CNC controlled cutting machines
are made for cutting electrically conductive
material or metal plates. The machine consists
of three main groups, namely:
1) X-Y platform
This is a platform on which a portal (bridge
or beam) can move in side-side direction.
Tools are mounted to the bridge, so that
these can move in transverse direction.
In this way a X-Y moving platform will
exist.
2) Controller
This controller is necessary for programming
the parts to be cut on one side and to be
able to position and control the motion of
the cutting machine.
3) Cutting process
For cutting metal plates four different
processes are possible, namely:
•

Oxyfuel : Cutting by means of a flame –
not applicable

•

Plasma : Cutting by means of ionized
gas

•

Laser : Cutting by means of a laser
beam – not applicable

•

Waterjet: Cutting by means of a water
beam under very high pressure –not
applicable.
With a CNC controlled cutting machine
all desired 2D products can be cut.
The only restriction is the thickness of
materials to be cut, since this depends
on the applied cutting process.

3.0 PROCESS AND OPRERATION:
3.1 WHAT IS PLASMA CUTTING?
Plasma arc cutting, also referred to as
plasma fusion cutting or plasma cutting,
is a fabrication process which employs
superheated, ionized gas funneled through
a plasma torch to heat, melt and, ultimately,
cut electrically conductive material into
custom shapes and designs. This process is
34

suitable for a wide range of metal materials,
including structural steel, alloy steel,
aluminum, and copper, and can cut through
material thicknesses ranging between 0.5
mm to 180 mm.
3.2 WHAT IS PLASMA?
The three most commonly cited states of
matter are solid, liquid, and gas. Plasma,
however, is often referred to as the fourth
state of matter, and is technically the most
commonly occurring state—by volume and
mass—as it is found throughout and outside
the galaxy (e.g., in the centers of stars and
the form of lightning).
Plasma occurs when additional energy
is added to a gas, which allows the gas
molecules to move faster and collide with
greater force. The collisions between
molecules enable the molecules to
separate into their constituent atoms and
these individual atoms to separate from
their outer shell electrons, forming ions.
As more atoms lose their electrons, the gas
reaches a critical point where the number
of atoms losing electrons and the number
of atoms taking in free electrons achieve
balance. At this point, the ionized gas
becomes plasma.
3.3 THE PLASMA ARC CUTTING
PROCESS
The plasma arc cutting process is a thermalbased fabrication process which utilizes a
constricted, transferred plasma arc to cut
through a wide range of metals, including
structural steel, alloy steel, aluminum, and
copper. While there are several variations
available, the basic principles of the process
and the necessary components remain the
same throughout all of them. The primary
plasma arc cutting process includes the
following phases:
•

pilot arc initiation

•

main arc generation

•

localized heating and melting

•

material ejection

•

arc movement
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3.3.1 Pilot Arc Initiation
The process begins with a start command
prompting the power source to generate up
to 400VDC of open-circuit voltage—i.e.,
no-load voltage—and initiating the flow of
compressed plasma gas into the plasma torch
assembly, which contains an electrode and
a plasma nozzle. As illustrated in the Pilot
Arc Initiation diagram , above, the power
source also applies a negative voltage
to the electrode—establishing it as the
cathode of the pilot arc circuit—and closes
the normally-open nozzle circuit contacts,
placing a temporary, positive voltage on the
nozzle—which then serves as the anode of
the pilot arc circuit. The arc starting console
(ACS) then creates a high-frequency, highvoltage potential between the electrode and
nozzle which generates a high-frequency
spark. The spark ionizes the plasma gas,
allowing it to become electrically conductive
and producing a low-resistance current path
between the electrode and nozzle. Along this
current path, an initial, low-energy arc—i.e.,
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the pilot arc—forms as energy flows and
discharges between the two components.
3.3.2 Main Arc Generation
Once initiated, the pilot arc flows out with
the plasma gas through the nozzle opening
towards the grounded, electrically conductive
work piece, which partially ionizes the area
between and forms a new, low-resistance
current path. As the gas flow forces the pilot
arc to protrude further through the opening,
the arc eventually comes into contact with
and transfers to the work-piece.
3.3.3 Localized Heating and Melting
The nozzle constricts the ionized gas and
the main arc as they flow through the nozzle
opening, increasing the plasma’s energy
density and velocity. Plasma cutting machines
produce plasma up to 20,000°C which moves
towards the work-piece at up to three times
the speed of sound. This thermal and kinetic
energy is used for the cutting operation. The
plasma arc cutting process employs a melt35
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and-blow cutting method, which heats, melts
and vaporizes a localized area of the workpiece. As the plasma strikes the work-piece’s
surface, the work-piece material absorbs the
thermal energy of the arc and plasma gas,
increasing the internal energy and generating
heat, which weakens the material and allows
it to be removed to produce the desired cuts.
3.3.4 Material Ejection
The weakened material of the work-piece
is expelled out of the kerf—the width of
material removed and of the cut product—
by the kinetic energy of the plasma gas
employed. The optimal flow of the plasma gas
is determined by the current and the nozzle,
with too low or too high plasma flow levels
leading to less precise cuts and component
failure.
3.3.4 Arc Movement
Once the localized heating, melting, and
vaporizing of the work piece have started,
the plasma arc automatically moved across
the work piece’s surface to produce the full

cut. The machine is programmed to move
the torch head at the optimal speed to ensure
precise and accurate cuts.

4.0 TROUBLESHOOTING:
The big three needed for a Plasma Arc
a) Power: Machine power and arc power
b) Gas: Proper pressures and flows
c) Start Mechanism: High frequency, pilot
arc, cutting arc.
4.1 POWER
In order to establish a plasma arc there
must be POWER available to operate the
machine and to maintain the plasma arc.
•

Circuit descriptions

•

Main contactor

•

Chopper, open circuit voltage and cut
current

•

Control board LEDs

•

Coolant system

4.1.1 Power Source Power Distribution Board:
This board can be found in the circuit board compartment on the center bail on the right
side of the machine.
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VAC supply line
before/ after relay
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F3 is on the 120 VAC supply line

The output voltages to
devices in the power supply
are indicated with LEDs.
D1 lights when voltage is
sent to the main contractor.
D2 lights when voltage is
sent to the pilot arc relay.
D5 lights when voltage
is sent to high voltage
transformer in the RHF
console.
D7 lights when voltage is
sent to the surge select relay
on the I/O board.

Phase loss is monitored
on the power distribution
board.
The lines from the incoming
three phase power are fused
coming into the power
distribution board. If any
of these fuses are blown, it
indicates a problem with
this board.

F4 is on the 240
VAC supply line
D26 (Green) lights when voltage
is sent to the coolant pump

D25 lights when +24 VDC is present on the PCB.
D33 lights when +15 VDC is present on the PCB.
D32 lights when -15 VDC is present on the PCB
D31 lights to indicate that +5 VDC is present

Main Contactor (CON1)
The main contactor (CON1)
is located in the center panel
on the right side of the power
supply.
Remove the cover to inspect
the contacts.
Pitted or worn contacts may
cause a loss of phase, which
will damage the chopper
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Check for OCV (Open Circuit Voltage):
•
•
•
•
•

Remove and check the chopper fuse F3.
After giving the HPR260 a start, check for about
310 VDC across the outputs of the chopper’s
input bridge.
Check for 310 VDC at the WORK and TORCH
connections at the bottom of the chopper.
If these voltages are not present, do the choppers
testing. The current should be between 10A and
35A at current sensors during this time.
The chopper test sequence will be CH1 -> CH2.

Low current error 105 and 106
•
•

•
•
•
•

5VDC = 4.5 gpm (17 lpm)
The trip point is .6 gpm (2.3 lpm) or .67VDC
(min)
Measure the output of the temperature
sensor between pins 5 and 6.
The trip point is 2.8 VDC (max)

If there is no flow:
•
•
•

Check to see if motor is getting 240VAC.
If the motor doesn’t turn, remove the pump
and recheck.
If the motor turns, inspect the coupler and
the pump itself.

Exchange current sensors. Replace the faulty
sensor if the error is not displayed again.
Check out wiring connection between control
PCB (J200) and current sensors for any bad
connection or connection problem by using
Multi meter or visual check.

4.1.4 Pilot Arc Troubleshooting

4.1.2 Communication problem:

•

Check for high-frequency sparks at the
spark gaps (see the following schematic).

•

Check the proper operation of the pilot arc
relay (CR1).

•

Check the condition of the contacts of the
main contactor (CON1).

•

Check the surge injection circuit.

•

Troubleshoot the pilot arc controller.

•

Inspect the gas lines for damage and gas
restrictions.

•

Inspect the torch leads for damage and
restrictions.

•

Perform the gas leak tests.

•

Perform the chopper test.

•
•
•

Ensure proper jumper stetting at J303, multi
drop termination at J106 and setting at S100.
Dip switch S100 sets the machine’s serial
communications ID.
Jumper block J303 directs the machine’s
“motion” or “transfer” signal to an addressed
pair of conductors in the CNC interface cable.

4.1.3 Suspect a coolant flow problem if:
•
•

The flow switch is not being satisfied
(coolant flow error).
If consumable life is shortened.

If there are signs of high heat in the torch or
consumables
•
•

Be sure the coolant reservoir is full.
Check for about 1 gallon per minute (3.8
lpm) of flow from the return line at the
power supply.

The coolant temperature and flow sensors connect at
J201 in the upper right corner of the control board.
Measure the output of the flow sensor between pins
2 and 3.
•
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Nominal flow is of one gallon per minute
(3.8 liters per minute).

If the torch will not fire and there is power from
the chopper and the gas supply is OK, there
may be problems with the pilot arc circuit.
Diagnosing pilot arc problems:

4.2 GAS
In order to establish a plasma arc there must be
a GAS available for ionization and to control
the shape of the arc.
Verify proper selection of Gas (Nitrogen, oxygen,
argon etc as per requirement of metal), proper
flow, function of valves and pressure sensors.
In case of malfunctioning of any of sensor
particular alarm code will be generated, replace
the suspected sensor.
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4.2.1 TORCH HEIGHT CONTROL AND
CUTTING:

•

Torch traveling
workpiece.

too

high

off

the

Torch Height Control (THC) problems can
be broken down into two categories:

•

Torch traveling
workpiece.

too

close

to

the

A. Arc Voltage and Speed
Two important parameters influence the quality of
the cut. These parameters are the arc voltage and
the speed. Between these two parameters there is
an interaction with regard to the plasma cutting.
Arc Voltage
The arc voltage ensures that the distance of the
torch to the plate remains the same during cutting
(cutting height).

The arc voltage is the parameter that controls the
angle.
Cutting Speed
The cutting speed influences existence of dross.
Also, the speed influences the cutting height. If
the speed is too low, the torch will go down to
search the material. The other way around it is the
same; if the speed is too high, the plasma gets no
time to cut through the material, because it has to
39
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deal with more and more material, which pushes
the torch up.

the torch. This function will be used for thicker
material.

B. Improve cutting quality

 Pierce Hold

In order to improve the cutting quality it is first of
all very important to apply all settings according to
the cutting tables. The cutting quality is determined
by four parameters: cutting-angle, dross, shape and
smoothness of the cut.

This time is needed to get through the material.
Entering this time differs depending on the used
power source.

Cutting angle

The plasma arc needs to have time to finish its arc
(ramp down) at the end of the cut. If the plasma arc
extinguishes because there is no material and it is not
properly finished, the consumables will wear sooner.

The cutting angle of the cut is positive or negative.
A positive edge exists if more material has been
removed on the upper side than the underside
(V-shape). A negative edge exists if more material
is removed under than above. The following errors
occur the most:

 Ramp down



Plasma boog



Negative Angle

This problem often occurs with parts and contours
which fall down from the main material. If the
contour disappears, there is no material left to
finish the plasma arc properly. The same happens
if the plate is manually cut and the end of the plate
is reached.



Angle

• Electrode consumable life time



Straight



Positive

a) This is extended by programming lead outs.
If a part can fall down from the main material
it is better to not program a lead out.
b) Make use of chain cutting, because this will
save piercings.
• Nozzle consumable life time
a) This is extended by programming of lead
outs. If a product can fall down from the main
material it is better to not program a lead out.

C. Improving consumable life of spare parts
There are plasma sources that are executed with
so-called Long-life Technology. This means that
a longer consumable life of the consumables can
be obtained. Below the important parameters are
explained.
 Pierce height
The pierce height normally is chosen higher than
the cutting height, because during piercing a lot of
material comes up and this may damage the torch.
A ground rule is that the pierce height has to be 2.0
times the cutting height.
 Advanced pierce function
With this function you are able to raise the torch
after ignition so all the dross will not stick to
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b) Make sure that during cutting the torch does
not touch the plate.
• Shield consumable life time
a) Make sure that during cutting the torch does
not touch the plate.
b) Make sure that the pierce height is 2.0 times
the cutting height. Further it is important to
keep the shield clean in order to avoid the
problem of ‘double arcing’.
• Improvement of Piercing
a) Make sure that the pierce height is 2.0 times
the cutting height.
b) Make sure that the Hold is long enough to give
the plasma arc time to get through the material
before the cutting machine starts running.
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