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Automated FAT/SAT — Leveraging Technology for Faster &
Reliable Signalling System Installation

Amit Misra

Rajneesh Gupta
Executive Director/Signal
RDSO, Lucknow

Rajendra Dhambel
Ex. PED/S&T
RDSO, Lucknow

Executive Director/Signal-I
RDSO, Lucknow

( Abstract : The unveiling of "Mission Gatishakti" marks a pivotal moment in India's transformation, with lndian\
Railways as the "engine of growth" to unlock the country's hidden potential. Therefore, It is imperative that swift
and high-quality infrastructure projects, in which signalling systems play a vital role, are executed with utmost
precision to realize the nation's aspirations. The interlocking principles of signalling systems ensure the safe and
seamless movement of trains. As a result, System Integrity Testing (SIT) is considered the most critical and
indispensable component of system installation. This ensures that all interlocking principles are appropriately
embedded and that their specific correspondence with external gears is meticulously followed. The SIT of electronic
interlocking (EI) systems is guaranteed by both the factory acceptance test (FAT) and site acceptance test (SAT). The
use of cutting-edge technology enables us to leverage process-based automation tools that eliminate human errors
and enhance the quality of installation. This study aims to review the challenges posed by the conventional method of
SIT and examines the latest automation SIT tools for both FAT and SAT. Furthermore, it offers a compelling course
of action to capitalize on these technological tools to improve the quality and integrity of installation while
simultaneously expediting project execution. By embracing these best practices, the Indian Railways can join this
revolutionary transformation.

rRier - e RreRe” ST FEReT 9Ra & uRad= ¥ te Ayl ud 2, forad IR Yed <w @ forg s
BT T BT SR IR & 2 | safery, Hoha yonferat o f[feT ared 2 3R oo 3R S=a orar aral g
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Introduction:

The System integrity test [SIT] of the signalling
system is conducted to ensure compliance with
functional and safety requirements by
simulating various states of signalling elements
before bringing the signalling system into
service. The present process of system integrity
test is based on the certification of the testing
personnel, which are error-prone due to human
factors. For verification purposes, reliable pieces

of evidence for the future reference are not
preserved. More importantly, deficiencies
observed at the later stage of commissioning and
subsequent modification in application logic
leave a possibility of incomplete SIT or delays in
project execution. SIT is a time-consuming
process (appx 10-12 routes/ day) and forms a
critical bottleneck in project execution.
Commissioning is frequently delayed due to a
lack of sufficient block/non-interlocking time.
This problem is exacerbated further during
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a)

b)

minor yard modifications when it is impractical
to conduct a complete SIT due to lack of block
as it severely affects train operation. Which, may
seriously raise doubts over the integrity of
electronic interlocking systems resulting in
undesired or even unsafe signalling movements.
Since the Indian Railways forms a critical part of
“Mission Gatishakti”, these delays distance us
from realizing the dream quickly, safely and
reliably.

SIT is the most critical activity in the commissioning
of a signalling system. It consists of two components:
Factory Acceptance Testing (FAT) and System
Acceptance Testing (SAT). SAT can largely be
defined as FAT + correspondence test. FAT is largely
defined by the testing of system integrity in
accordance with all of its interlocking principles.
It ensures the safe working of station interlocking
through complete testing which includes Control
table testing, Cross table testing, Negative testing
etc. SAT ensures the integration of outdoor gears
with interlocking logic and principles. The
process guarantees that all instructions, whether
given or received, are communicated by the
rightful authority, thereby ensuring effective
communication and compliance with established
protocols. SAT testing at the site prolong the non-
interlocking period, which has the following
repercussion:

Block-working, free home & starter signal has to
be provided for the station, which requires
additional wiring and work.

The points must be clamped and pad-locked
during the yard's non-interlocking period for
train movement. And for each test, the clamp and
padlock must be removed, which takes
considerable time. Further, each train movement
restricts yard testing. Thereby, even for a smaller
yard, at least one day's NI is required for SAT
even for minor alteration work of gate
interlocking or signal aspect changes etc.

SEM 19.8.8 mandates that SIT be performed on
all new installations and modifications, as well
as every five years on existing installations. Para
19.8.8.d-e mandates, testing of TOC after all
functions are connected to EI during a non-

interlocked period. Para 21.5.2 provides detailed
guidelines for SIT of EI. With gained
experience, SEM has included provision for
alteration of the yard, which provides scope for
only essential testing for the portions which are
affected in modification with due precautions
and care from field officials.

In the traditional relay-based interlocking
system, the interlocking principles are
hardwired through relays at the site, making on-
site testing necessary. However, electronic
interlocking (EI) technology has allowed for the
pre-configuration of interlocking software,
making off-site testing with the help of
simulators feasible. By validating the system
software integrity before installation, a
comprehensive FAT can shorten the on-site SIT
duration and enhance the installation's quality
and integrity. With the gained confidence and
adherence to necessary precautions and detailed
procedures, the need for the selection table test
may eventually be eliminated, requiring only on-
site correspondence and functional testing. This
could significantly reduce critical commissioning
time and non-interlocked periods, particularly
during minor yard modifications, without
jeopardizing the system's integrity.

Currently, the process of conducting FAT & SAT
testing is quite time-consuming, especially for
higher routes. (Figure 1)

200
180
160
140
10
100
80
60
40
20
0

Tentative mandays to conduct tests

up to 50 routes 51-100 Routes 101-200 Routes 201-300 Routes 301-400 Routes 401-500 Routes

BFAT WSAT

Fig. 1

Automated SIT offers a significant reduction in
testing time compared to the current manual
testing process. In particular, for stations with 50
to 500 routes, the time required to complete all
tests for a single route after bypassing the two-
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Challenges of Present Methods of Testing:

minute time delay associated with route
cancellation from a single simulation application
is between 20 and 45 minutes. By running
multiple parallel operations, further time savings
can be achieved, allowing thorough SIT to be
completed in a single day even for very large,
complex yards.

A process-based technologically assisted SIT for
EI systems, which creates evidence of testing
and eliminates human errors is a need of the hour
on Indian Railways. Several firms such as M/s
Kyosan India Pvt Itd, M/s Efftronic India Pvt &
M/s Sensedge have successfully demonstrated
proof of concept in India, which has the potential
to transform conventional manual SIT processes.
Successful tests at Santragachi, Ghevra, Kanalus,
Walaja Road, Jolarpetty, among others, have
demonstrated the efficacy of these tools as a
substitute for manual simulation. Moreover, it is
feasible to develop a SIL2/SIL4 device with
proper verification and validation processes.

Design

System
power on/
SAT

Production
of FAT

Design &
testing work

flow

Present process of signalling system design, wiring
and testing on Indian Railways and limitations (fig.2)

| SIpP | | —_— |
|
Route chart

interface
drawings

Application
logic

SAT

Commissioning

Fig. 2a

i Manual testing is time-consuming resulting in
project delays.

ii. Frequent changes in field requirements result in
repeated FAT / SAT testing, delaying
commissioning.

iii.  No process-based comprehensive pre-test plan is
prepared.

iv.  Test procedure lacks uniqueness, except for
common types such as negative tests.

V. No preservation of real-time test evidence makes
it impossible to verify the completeness of the
test later.

vi.  Testingrelies on the tester's skill, prone to human
errors without a proper test plan.

vii. Lapses in manual testing may result in future
operational/unsafe after triggering a specific
scenario.

New practice of Automated Computerised System

Integrity Test:
SIT assists in identifying errors in circuit design
and circuit wiring. Signalling systems are
amenable to automated computerized testing as
the sequence of activities is precise and
repetitive; results are predictable.

3 Stages of Development of Automated Computerized

System Integrity Testing (Fig. 3):

Stage 1: Defining the tests in minute activities in
sequence

Stage 2: Development of software which enables

i. Driving a specially made processor-based
hardware for operations on the operating panel
and changing states of signalling elements

ii.  Creating TEST PLAN with expected results

iii.  Retrieving simulator test results in the form of bit
status for the signalling system's response.

iv.  Comparing and validating test results to
determine success or failure.

Stage 3: Development of hardware controlled by
software from Step 2 to control VDU and
signalling element states.
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Development of Automated Computerised system integrity Testing system

[Defining the System integrity tests |

[

(Hardware Development|

| Software Development |

| 5 |
Test plan ‘ ‘ Hardware | [Data Cnmparison}
| Generation Control || and Results

[__ Integration of Hardware and Software 1

Fig. 3

Defining the Tests:

System integrity test consists of the following
tests to ensure compliance of the signalling

system to various safety conditions mentioned in
the manuals, codes, and rules and regulations
issued by the railway administration.

S.N.| Test Type | Description
) The status of signal-controlling functions in ST/LT, such as track, point, LX gate,

1 Negative test slot, and crank handle, will be changed and the signal status change will be

monitored.

2 One signal Upon clearing the signal, the first control track circuit is dropped and then picked up.
one train test Although the first control track circuit is picked up, the signal must remain in the

danger state and display red.

3 Route release test | Upon clearing the signal, tracks are dropped to simulate light engine movement.
for light engine The operation of route release relays at each stage is verified as per the
movement specifications mentioned in ST/LT.

4 Route release test | Upon clearing the signal, tracks are dropped to replicate long train movement, and
for long train the operation of route release relays at each stage is verified as per the
movement specifications mentioned in ST/LT.

5 Route holding test | All route-releasing conditions are fulfilled except the picking up of the route holding

track. Then, Route locking is observed.

6
Approach locking If the approach track is unoccupied, the route release will occur without any delay
test after route cancellation. However, if the approach track is occupied, route

cancellation will occur with a time delay.

7 Red lamp When a signal is cleared; an ahead signal red lamp proving relay is dropped. The
protection previous signal shall change to danger.

8 Signal lamp After signal clearance, each OFF aspect supply is cut off. The signal shall change
cascading to amore restrictive OFF aspect.

9 Signal aspect After clearing all signals for a line, each aspect of a signal starting from the
sequence control advanced starter is brought down to the next restrictive aspect. Changes in the
test aspect of signals in the rear are observed for their correct change as per

STLT/aspect control chart.

10 Track locking test | Each controlling track is dropped and an attempt is made for operating the point. It
for points shall not operate. However, emergency point operation shall be possible.

11 Crank handle An attempt is made to transfer the control of each crank handle locked by the signal
locking test when the signalis cleared. Itis expected that the CH Control is not transferred.
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12 LC gate locking An attempt is made to transfer the control of each LC gate locked by the signal
test when the signalis cleared. Itis expected that the Gate Control is not transferred.
13 | Route locking An attempt is made to operate each point which is locked by the signal, after
test clearing the signal. It is expected that point does not operate. Attempt is made to
operate each point which is notlocked. Itis expected that the point shall operate.
14 SM Key Lock Each Operation is Tested for SM Key Effectiveness.
Test
15 | Point Operation For Route Setting type Panels, controlling points are initially set opposite to the
through Route required condition. Then, the route is activated and the operation of points is
Test checked to ensure they are set to the required position and locked.
16 | Timers Test Once a route is set, cancellation is applied and the time taken for the route to be
released is observed. Each timeris tested separately.
17 | Square sheet A Main route is set and every test route is attempted to check whether it is locked /
Test free. This is repeated for all the Routes. This test is done based on the Master
Square Sheet provided by railways.
18 | Route Checking After a Route is set, in addition to Stage-wise Checking for UCR and ASR, all Non-
Test control Functions (Tracks, Points, Crank Handles, Gates Indications) are checked.
Itis expected that the Signal Status remains intact.

Process of Testing: c. Identify buttons and switches required for tests

Generation of Test Plan based on VDU configuration.

a. Identify input/output bits based on TOC and test ~ d. Entering hardware details into the software for
procedure, and create a generic software / controlling panels and signalling elements.
simulator. e. Generate a test plan and manually verify the

b.  Identify signalling elements and their states to be correctness of one test case for each test.

changed for tests according to TOC and square f.

sheet.

Obtaining approval for test plan from railways.

Sample of a SAT Procedure for Tests with a Simulator (Numbering Denotes Sequence of Operation)

S.N. Test Operation Simulator sequence of operation Output from simulator
1 |Negative Test |3 Clear signal for| 1 Selectroute 4 Implement test by
selected route 2 Select negative test checking status of points,
tracks etc.
5 Test result displayed
o |Square sheet |3 Clear signal for | | Selecttheroute 4 Tester PC declares test
test selected route 2 Selectsquare sheettest result
6 Tester attempts 5 Tester PC promptstesterthenext |7 Tester PC declares test
the route route to be attempted result
suggested 8 Tester PC prompts tester the next
route
1 tobeattempted
Route release |3 Clear signal for | 1 Select route 4 Implements the test by
3 for light selected route | 2 Select route release for light engine | changing the statuses of
engine tracks
5 Test result displayed
Route release |3 Clearsignalfor | 1 Selectroute 4 Implements test by
4 lfor long train selected route 2 Selectroute release forlong train changing status of tracks
5 Test result displayed
5 Route holding |3 Clear signal for | 1 Selectroute 4 Implements test by
test selected route | 2 Selectroute holding test changing statuses of tracks
5 Test result displayed
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6 |Approach 3 Clear signal for | 1 Select route Select Approach locking |4 Test result displayed
locking test selected route Test 6 Drops approach track
and cancel it 8 Test result displayed
5 Again clear
signal
7 Cancel route
7 |Signal lamp 3 Clear signal for | 1 Select route 4 Implements test by
cascading test| selected route | 2 Select signal lamp cascading test changing status of signal
lamps of signal
5 Test result displayed

Sample of Test Results:

Format of test result is given below:

Test name Operation Expected result Actual result Success
1A-A route 52 Point indication | 52 NWKR Down 1A | 52 NWKR Down N
Point negative |drop initiated: UCR Down 1A HR 01/04/2011 09:28:51:312 °
test attempted |52 NWKR Down | Down 1A UCR Up

01/04/2011 01/04/2011 09:28:50:766

09:28:51:0 1A HR Down 01/04/2011

09:28:51:344

Explanation to the table contents:

Test name: Name of the test

Operation: Command given by test software to
the test system.

Expected result: Signalling system's relay
status change response as per the test plan.
Actual result: Signal system's relay status
change response obtained from the data logger.
Success: Test results are evaluated by comparing
expected and observed outcomes. A 'yes' result is
obtained if there is no deviation, while a 'no'
resultis declared if there is a discrepancy.
Typical Deviations Observed in Sample
Testing:

Omissions in circuit design: not implementing
required condition

Commissions in circuit design: implementing
additional [wrong] conditions

Wrong wiring: resulting in omission or
commission of conditions or not meeting
functional requirements

TOC corrections: certain conditions required to
be provided in TOC but missed, still provided in
the circuit design

Action plan for automatic FAT/SAT

The primary focus of the drawing office should
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g = = ]

b)

d)

be the preparation of the two critical inputs, SIP
and RCC, in consultation with field officials.

The drawing office shall conduct automatic FAT
using OEM's simulator and promptly correct any
discrepancies encountered by the designer.
Conducting automatic FAT using OEM's
simulator and making all necessary corrections
is critical before considering FAT complete. The
final automatic FAT result should be included in
Technical System Application Approval
(TSAA).

Conduct manual FAT at the factory premises
with a simulation tool and a field setup. Define EI
with Ports in advance and avoid any alteration
during the FAT. Ensure all required interfaces are
taken care of, including those for block working
and data loggers. Provide spare ports for future
modification work. This will ensure indoor
works related to installation and alteration can be
carried out independently of FAT.

SAT

Since the allocation of existing ports is not
altered and is duly verified, and the interlocking
provided by application logic has already been
tested and certified by the drawing office as well
as field officials, the integrity of the interlocking
provided by application logic is verified.
Additionally, the following functional and
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correspondence tests must be performed to
ensure that EI systems communicate properly
with field gears.

a) Correspondence of ports with the hardware ports
as defined in the application logic.

b)  Correspondence & functions of the gears
introduced like signal, points, tracks, crank
handle, LC gate etc.

c) Relay room wiring including cascading of signal
aspect.

d)  Block instrument hardware interfacing circuit
with EL.

e) Wrong feed test (for newly added outputs).
f) Datalogger interface.
Semi-automated SAT

Despite the need for manual procedures in
ensuring the legitimacy of tools, successful semi-
automated solutions to manual SAT have been
tested at various locations, including Jolarpetti
station, and have proven effective in determining
system integrity by the concerned railways. This
solution involves software with a station-specific
test plan and evaluation tool, as well as an element
station changing unit (ESCU) composed of
miniature relays. The ESCU unit is responsible for
controlling the I/O bits, such as track, points,
signals, L-sing, etc. It automatically assigns
functions to a simulated train operation that is
approaching a station, with the software being run
with the intervention of a single person. The
software displays the progress of the test and
delivers the results in the desired format, along
with the timing of each individual function
operation.

System Integrity Test with Assister

| sy
E

o

Simulation Pansi

1
CT nack |
1

Simulation Pansl

| it
B
1

CT naon
1

1

EX EI
Distributes Gumity 1 Disvibutes Gumty 2

Tester
PC

Central Location

ESCU - Elemaent Status Changing Unit

Advantage over Conventional Testing Process:
a) Reduces time of testing by at least 50%

b)  Reduces effort -one person can conduct the test
instead of multiple persons. Furthermore,
testing official can see the status of remote cabins
gears, which is not feasible in conventional
system and requires human intervention.

c) Provides evidence for each test

d)  Test result is evaluated automatically with
improved correctness of testing

e) Completeness of testing monitored by railway
official itself

f) Testing becomes simpler, especially for stations
with distributed interlocking, as the status of
signalling elements at gumties can be modified
without human intervention at remote location.

g)  Theuse of ESCU in the semi-automated solution
eliminates the need for g-series relays, resulting
in reduced wiring and relays. This simplifies
testing and debugging, particularly in complex
yards, and decreases the chances of errors in the
simulation panel.

h)  Modular reconfigurable setup, which can be
reused for commissioning of multiple stations.

Challenges and Limitations to Automation:

Despite the potential benefits of automating
manual testing of SIT through software or
hardware solutions in the Indian Railways
signalling system, there are several disadvantages
and challenges to consider. The primary challenge
that arises is the requirement for a significant
upfront investment in the development of
hardware and software. This investment may
prove to be costly for smaller EI vendors, and it
could also raise concerns among users regarding
safety, potentially leading to the non-acceptance
of the solution. Additionally, there may be a lack
of technical expertise among staff to operate and
maintain the automated systems, leading to
potential delays and errors in testing. Another
challenge is the need to ensure that the
automated testing solutions are accurate and
reliable, as any errors in the testing process could
result in serious safety risks. Finally, there may
be resistance to change from staff who are
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accustomed to manual testing procedures, and
there may be a need for training and education to
facilitate the adoption of new testing technologies.

Conclusion:

Indian Railways is at a crossroads in terms of
implementing “Mission Gatishakti”, where both
speed and quality of execution are critical.
Railways signalling ensures the safety of train
movement. Achieving both can be a challenging
task, but with the help of cutting-edge technology,
it is possible. However, conventional manual
signalling design and drawing processes,

%0 o% %
EXRXENY
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particularly during site testing, can cause
significant bottlenecks. Fortunately, a proposed
process-based system testing using advanced
technological tools can drastically reduce testing
time while simultaneously enhancing the quality
and integrity of the installation. This frees up
valuable time for railway officials to focus on
preparing the correct input and improving the
design of the interlocking system. With this
approach, Indian Railways can make full use of the
capabilities provided by electronic interlocking and
ensure safe and speedy train movements.
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Inception of SiC (Silicon Carbide) Devices in
Railway Application

Jitendra Yadav
Director/PS&EMU
RDSO, Lucknow

(Abstract : Silicon Carbide (SiC) devices are widely believed to be the enabler of the next generation power electronic\
systems due to their superior characteristics such as low loss, high speed, smaller passive components and high
temperature operating capabilities. SiC devices can operate at higher voltages, higher frequencies and higher
junction temperatures than comparable Si devices, which results in significant reduction in weight and size of the
power converter and increased system efficiency.

This paper will present a comprehensive review of the SiC power switching devices and their adoption in
railway application in comparison with Silicon (Si) devices which are used in power converters of traction and
auxiliary supply system in rolling stock.
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Introduction: V, kilowatts or above) applications, and GaN for
Si power semiconductor devices have gone low voltage low power (600 V, kilowatts or
through many generations of development in the below) applications. This paper focuses on SiC
last 50 years and are approaching material technology. SiC devices can improve and impact
theoretical limitations in terms of blocking power electronics in several ways:
voltage, operation temperature, and conduction 1)  Atconverter level, through substituting Si devices
and switching characteristics. Due to limited directly or simplifying circuit topologies, SiC
performance, the highest voltage rating of the devices can improve converter efficiency, reduce
state-of-art commercial Si IGBT has been 6.5 kV cooling needs, and reduce active and passive
for the last 15 years. There are no commercial Si component numbers and size, with their high
based devices with junction temperature voltage, low loss and fast switching capabilities.
capability above 175°C. These intrinsic physical = 2) At system level, SiC based converters can have
limits become a barrier to achieving higher better dynamic performance and more system
performance power conversion. functionalities as a result of their high frequency
Compared with Si devices, Wide Band Gap capability and high control bandwidth enabled
(WBGQG) devices feature high breakdown electric by fast switching speed.
field, low specific on-resistance, fast switching 3)  SiC can enable new applications, such as high-
speed and high junction temperature capability. efficiency high-density solid-state transformers
All of these characteristics are beneficial for the (SST) and high-speed motor drives. A number of
efficiency, power density, specific power, and commercial and research prototype converters
reliability of power electronics converters. The using SiC devices have been developed with
WBG devices under rapid development and promising results on significantly improved
commercialization include silicon carbide (SiC) efficiency and power density.

and gallium nitride (GaN) devices, with SiC  Structure of SiC:

mainly targeting high voltage high power (600 Silicon carbide (SiC) comprises silicon (Si) and
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carbon (C) atoms. Each atom is surrounded by
four different atoms in the form of a regular
tetrahedron. SiC is a compound semiconductor
with the densest tetrahedral arrangement.
Compared to silicon, SiC has a wider energy gap
where no electron states can exist (called a
bandgap) between the valence band (i.e., an
energy band filled with valence electrons) and
the conduction band (i.e., an empty energy band
in which electrons can be present). A wide
bandgap provides a strong chemical bond among
atoms and therefore a high electric breakdown
field. SiC has an electric breakdown field
roughly ten times that of silicon. The thickness
of drift layer in SiC is approximately one-tenth
of that in Si. This allows for dramatic reduction
in conductivity loss and switching loss in SiC
devices.

SiC has three times the band-gap width of Si
which prevents the flow of leakage current and
enables operation at high temperatures. Because
of a strong atomic bond, SiC has greater lattice
vibration and consequently conducts energy
more easily than silicon. Therefore, SiC is a
semiconductor material with good thermal
conduction. The polytypes of SiC include 4H-
SiC and 6H-SiC that are hexagonal crystal
structures and 3C-SiC that is a cubic crystal
structure. 4H-SiC is commonly used as a
semiconductor material because it provides a
better balance among electron mobility,
dielectric breakdown strength, saturation
velocity, and other physical properties than other
polytypes of SiC.

AIN

SH-SIC

a a

b b

Fig. 1 - Unit cells of AIN (Aluminium Nitride),
3C-SiC, 4H-SiC and 6H-SiC

SiC Power Semiconductor devices compared to Si
devices:

Fig. 2 highlights some key material properties of
SiC semiconductor devices as compared to
traditional Si devices. Generally speaking, for

SiC material, the energy gap, breakdown electric
field, thermal conductivity, melting point, and
electron velocity are all significantly higher.
These characteristics allow SiC semiconductor-
based power devices to operate at much higher
voltage, switching frequency and temperature
than Silicon based devices.

Breakdown field .
(MV/em) —Si

-—SiC

Thermal
=~ conductivity

Energy gap (eV) -~ .
| ({ Wiem. °C)

Melting point
(X1000 °C)

Electron velocity
(%107 em/s)

Fig. 2
Key Material properties of SiC Semiconductor devices

Evolution of devices:

Si based switching devices converted to Hybrid
SiC then to All SiC devices. A Hybrid — SiC
module is shown in figure below. It uses
Schottky Barrier Diodes (SBDs). High speed
switching can be realized with SBDs as they
don’t have accumulation carriers. The All SiC
module is very compact and has high speed
switching capability. It is possible to reduce the
size of additional components like reactors due
to high-speed switching.

Studies have been performed on 80 KW Traction
Inverter with conventional Si devices and with
All SiC devices and found significance changes
in parameters/performance of Inverters.
Topology: Three phase inverter ; Synchronous
rectification (SiC version) ; DC-link voltage:
400V DC; Current 480Arms (peak) 230Arms
(nominal) ; Switching frequency: 16kHz

IGBT Hybrid-SIC AlFSIC
Power Module Pawer Module Power Mosule:
1 sic sC
s | S si JK Schottky SIC ] Schotty
1GBT Diode IGBT Barrier MOSFET DBarrier

- i

g 9

Fig. 3 — Evolution of devices

ma

Size of Converter:
When SiC modules are used in converter, the
reduction in the size of the converter is shown in
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the figure- 4 below. There is also a significant
reduction in weight.

Conventional traction Inverter with IGBT power modules

%
e o e e 2

Fig.4 Comparison between size of converters

Key advantages of SiC based Traction inverter over
Sibased inverter:

In general, high density is a key goal for the SiC
based converter in transportation application.
High temperature capability may also be
important in this application since the ambient
temperature of transportation system is usually
higher than room temperature. Also, by
elevating the device junction operating
temperature, less cooling requirement and high
density can be realized.

More than 50% module/package size reduction.
Much smaller semiconductor area giving ultra-
compact solution.

>1.4% efficiency improvement and 67% lower
loss.

Lower losses at full load giving smaller cooling
system.

Lower AT (Tj-Tfluid) in the whole load range
giving better reliability.

60% cooling system downsize.

Much lower losses at low load allows smaller
battery for same range.

5000

Inverter losses vs % load
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Status of SiC Devices: The summarized
available information on SiC power devices,
including device types, voltage/current ratings,
status of commercialization, as well as the latest
trend of SiC device development is provided in

Current rating (A)

Fig. 6. It summarizes the status of SiC based
power devices, including Schottky diodes, PIN
diodes, MOSFETs, junction gate FETs (JFETS),
IGBTs, bipolar junction transistors (BJTs), and
thyristors with the voltage range from 400 V to
22.6 kV. Itis observed that the low voltage (from
400 V to 1700V) SiC devices are becoming
commercially available. Among them, the
current rating per die approaches up to 100 A,
and with multiple dies in parallel, state-of-art
SiC power modules on market can deliver
hundreds of amperes current. On the other hand,
the high voltage SiC (referred here as 3.3 kV and
above) are generally in developmental stages
with limited commercial availability and small
current rating per die.

| = Commerelally available

| eee Research & development phase |

PIN diode

|
|
|
|
G 7000 2000 T000 60w 10800 20000

Valtage rating (V)

Fig. 6 — Status of SiC devices

Currently in Indian railways, application of SiC
based converters is at nascent stages but few
companies has started to use it in various
applications such as ABB has offered the SiC
based BORDLINE BC battery charger, which is
compact, lightweight unit designed to charge the
batteries and supply DC loads . M/s Alstom may
offer SiC based auxiliary converter for train set
project.

Challenges for SiC based power conversion system:

1.

Power module packaging: As SiC power
devices offer higher temperature capability, high
temperature packaging becomes critical.
Therefore, new packaging materials and
optimized thermo-mechanical design are
necessary for packaging.

Paralleling of SiC devices: Today, due to the
limited current rating of single die of SiC device,
development of SiC based power module with
multiple dies in parallel is necessary for high
power conversion system. The positive
coefficient of on-state resistance of most SiC
devices allows each paralleled device to achieve
current sharing naturally. However, special
attention must be paid to the dynamic current
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sharing during fast switching transient since the
switching behavior of SiC devices is highly
sensitive to the mismatch of parasitics in the
switching loop (e.g. gate loop inductance).
Accordingly, parasitics of each die should be
carefully controlled via packaging and layout
design to ensure good dynamic current sharing.

Capacitive coupling effect: Inside the power
module, a layer of insulating material is used to
separate the SiC devices from the electrically
conductive baseplate. Thus, a chip to baseplate

Indian Railway Technical Bulletin- September, 202_

several ways: by direct substitution of Si devices
in existing circuits for improved efficiency and
power density, by simplifying the circuit
topology for reduced complexity and further
enhanced power density, and by enabling system
configuration modification for overall system
power density improvement and lower cost.
Because of these properties, high capacity traction
converter may be designed to accommodate in
rolling stocks which are having space constraint
due to IRSOD.

capacitance is formed . Via the baseplate of 2. With faster switching, higher temperature, and
power module, this coupling capacitance is smaller size, SiC also raise new design and
paralleled with SiC devices, which increases application challenges. Gate drive and protection
their equivalent output capacitance, and worsens need to be faster and more adaptive. Loads can
the switching behaviour. interfere with converter switching, therefore may
Design of Gate drive: Power modules based on require additional filters. High temperature and
SiC materials enhance efficiency, but also fast switching also demand better device
introduce oscillations to switching cycles due to packaging. Other challenges include thermal
the higher di/dt. While the transistors are robust management, EMI filters design, sensors and
and can handle the oscillations, the radiated and control. However, the design and application
conducted noise becomes a nuisance for methodology for SiC power electronics will
components or circuits downstream. remain an active research area for the foreseeable
EMI effect: SiC devices with high switching future.

frequency operation provide the opportunity to  References:

shrink the size of passive EMI (Electro-Magnetic 1. Fei (Fred) Wang, Zheyu Zhang , Fellow IEEE,
Interference) filters. However, electromagnetic “Overview of Silicon Carbide Technology :
noise will also tend to concentrate in the high Device, Converter, System, and Application.”
frequency range and also at high frequencies, the 2. B.K. Chakravarthy and G. Sree Lakshmi,
coupling effect of filter components through “Power Savings with all SiC Inverter in Electric
capacitive path and inductive path becomes worse Traction Applications”.

increase filter design difficulties due to the non- 3. Ajay Morya, Morteza Moosavi, Matthew C.
ideal behaviours of passive components at high Gardner, Hamid A. Toliyat “Applications of
frequencies. Wide Bandgap (WBG) Devices in AC Electric
Cost: Component cost considerations of SiC Drives: Atechnology Status Review”.
MOSFET vs IGBT (1200V)- 4. New generation BORDLINE BC Battery
Today the price of SiC MOSFET is 4 — 4.5x chargers for railways applications by ABB.
relative to IGBT 5. “Auxiliary Power Supply With SiC Technology”
Near Term (2 —3 years) - 2.5x cost reduction may available at www.siemens.com/auxiliary-
be due to improvements in SiC devices and power-supply

higher volume 6. Dr. Nils Soltau, Eugen Wiesner, Mitsubishi

Long Term (5 — 10 years) - Further development
and larger wafer diameter needed to continue to
bring costdown

Conclusion:

With smaller size, lower loss, faster switching,
and higher temperature capability, SiC devices
can improve power conversion systems in

Electric Europe B.V., Ratingen , Germany and
Kenji Hatori, Hitoshi Uemura, Mitsubishi
Electric Corporation, Fukuoka, Japan “3.3 kV
Full SiC MOSFETs — Towards High-
Performance Traction Inverters “ available at
“www.mitsubishielectric.com
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Comparative Study of Specific Fuel Consumption (SFC) in
ALCO(WDG-3A) and EMD(WDG-4) Class of Diesel Engine
at Engine Test Bed of DLW, Varanasi

.

Anand Swarup Pandey Kuldeep Singh Chauhan
Dy.CEE/EEM, Junior Engineer,
BLW/Varanasi BLW/Varanasi

Abstract : Out of Various parameters of Diesel Electric Locomotive, SFC is one of the most important variants to
evaluate performance of Diesel Engine. By SFC, we mean fuel consumed by an Engine for delivering unit Power.
Lower values of SFC indicate towards more Efficient Engine. Traditionally, ALCO Locomotive Engine used to have
SFC of 166gm/BHP which has improved to 152 gm/BHP over the years by consistent effort of RDSO/Lucknow &
DLW/Varanasi. To meet increased traffic demand, HHP Locomotive were inducted in Indian Railways in 1998.
Although, thermal efficiency of 3600 HP ALCO Engine is better than 4500 HP EMD Engine; mechanical efficiency of
EMD Locomotive has proved to be better because of adoption of MCBG Governor, modified TSC, IGBT based AC-
AC Traction System, high speed AC Motors etc. In this paper, an attempt has been made to analyze variation in SFC
due to operation of different notches in engine Test Bed. Rigorous testing of Engine at different Load in ETS ensure
improved performance of Locomotive, plying all over varied Terrain of Indian Railways.

R - o e & A= wudst 9 4, 99 @ yeefa & efd & fog gauend g9 agcayef
IRGe ¥ A v 2| vaumdl @ AR arcad e graw 9 & g g9 g1 @ud fear war gue 2
TEUGHH ST 4 BT S HIA §9F DI AR Ghd HAT 2 | WURFTd ®Y 49, Yedl dlpliaifea go §
166gm/fIgadl &1 THTHH ghar o1, e fUsd 5 anl 4 aRIIgwsil / da@es 3R dudassy/
IR & AR 599 A 152gm/ ieadt 9@ &1 YR gar 2 | ged) JIarmd S 917 &1 41 S $ fog,
gl eflbiaifed & 1998 ¥ AR Yard ¥ 2fier foar ar or | sraife, 3600 Tad) gedl SO @)
HEATGET 4500 AN STHST SO 9§ 98X 2, UR-g SUAS! aldiaifed @) Iifye caar wiidish ey,
aRspa Agah), Ao amenRa gehl—geht Saer Rieen, &8 wie vl wicd anfa &) o= & R
IR UIf9d g3 2 | 39 9@ H, §oF ¥ 33 W A= ars &1 g2n F vaywd § uRad+ &1 faveyor s
&7 v fear ar 21 ¢ vt ¥ uRafda s w Teadeyr ard Yed @ At 8= § 9« @
Kaiaﬁﬁf%aa%a‘mmhaﬁgﬁﬁaamél

1.0 Introduction Product, Measurement & Monitoring of Specific
Diesel Locomotive Works (DLW now BLW) is a Fuel Consumption (SFC) and Developmental
Production Unit (PU) of Indian Railways have testing for all variants of EMD (2-Stroke) /
been manufacturing different types of Diesel ALCO Diesel (4-Stroke) engines. In this paper,

Electric Locomotives since 1961. As on 31/03/21, Effort has been done. analyses stage-wise SFC of
4682 Number of Diesel Electric Locomotives were ALCO & EMD Engine.
working in Freight/ Passenger/Shunting service in 1.1 ~ Historical Background

Indian Railways. During the initial years, 2600HP Engine of
For monitoring & measurement, consumption ALCO design were produced by BLW and
pattern of HSD oil; Design Wing of BLW and subsequently upgraded the power up to 3600 HP
Engine Development Directorate of RDSO / to fulfill enhanced power requirement for
Lucknow have commissioned Test Beds which Passenger & Freight Traffic. In 1998, technology
include Computerized Facility of Data logging & transfer from General Motors /USA was affected
Control. These Test Beds have served the purpose of for production of 4000 HP EMD locomotives to
Effective R&D backup to Zonal Railways fulfill the requirement of Export & Non-Railway
&Production units, Improvement in Quality of customers.
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1.2

2.0

Since its inception, BLW has produced 9389
locomotives till 31/03/2022. Out of which 5031
No. are 2600/ 3100/3300/3600HP ALCO
Locomotive and 2467 No. are 4000/4500/
5500HP EMD locomotives. Besides, 800+
ALCO/EMD Design Locomotive have been
supplied to non-Railway customers (i.e., NTPC
/BHEL /NCL /UPPCL& Various Developing
Countries), out of which 171 ALCO/EMD
Design Locomotives have been exported to
Srilanka, Bangladesh, Myanmar, Malaysia,
Vietnam, Senegal, Mali, Angola, Mali, Sudan,
Mozambique, Tanzania etc.

Technological Development

The V-type (16 cylinder) WDG-3A&WDG-4
Engine produces different levels of power up to
eight different notches on operation of throttle
handle. Quantum of Traction Load and
Auxiliary load determine power demand of
engine. So that, generation of Brake Horsepower
(BHP) depends on the requirement of Engine
Speed and Load-Torque. The load on engine is
decided by field excitation of the main generator
which is in turn controlled by variation of
excitation system of companion alternator,
maneuvered by load control rheostat (LCR).
Diesel Engines are equipped with MCBG to
obtain better fuel efficiency. MCBG facilitates
air/fuel (A:F) ratio as per required load condition
and minimizes the unburnt fuel exhausted in
atmosphere.

The Governor and Turbosupercharger are key
components of Energy conversion in Internal
Combustion (IC) Engine. Technological
Development in field of Material Science,
Welding Technology, Instrumentation Electronics
and Integrated Chips, Microprocessor Controlled
Electronic Governor has rendered lesser amount
of FUEL Consumption for generation of same.

Concept & Relevance of Specific Fuel
Consumption

Indian Railways has practice of measuring SFC,
for both type of Engine (freight/Passenger Train)
to assess the performance of the engine as well as
complete train formation. SFC has been defined
as the amount of fuel consumed for one unit of

3.0

3.1

3.2

mechanical work. The unit of Engine SFC is
gram/ BHP-Hour. In the First Method, the SFC
of the engine is measured and calculated by
Horsepower output in units of BHP-Hr for a
specific quantity of fuel consumption, while the
engine is put under load condition during load
box test. In the Second method, SFC of
Locomotive is calculated by hauling of Train
Load (Ton) for a specific distance (in Km). This
approach is more practical since Losses incurred
in hauling of train are duly accounted for. For
locomotives in the shunting service GTKM
earnings are generally not recorded by Zonal
Railways. As per the Annual Statistics of the year
2000- 2001, the values of SFCs for Freight
Service & Passenger Service were reported as:
SFC(Goods) = 2.62 Litres/1000 GTKM
SFC(Pass)=4.65 Litres/ 1000 GTKM.

Literature Review

Some related literatures have been examined and
quoted as under:

Paper on Technologies Adopted in Diesel
Locomotive Engines

(Engineering & 2017, n.d.) has compared the two
different types of technologies adopted by the
Indian Railways during last Six Decades. i.e., Two-
stroke Engine manufactured by General Motors
Electro-Motive Division (EMD) locomotives and
the Four-stroke Engine manufactured by American
Locomotive Company (ALCO).

The author has also emphasized the vital Role of
diesel locomotives in Transportation Logistics
of Indian Railways, who run a sizable number of
trains by Diesel Electric Locomotives. The
EMD locomotives have been in service for the
lasttwo decades.

Paper on Development of an Electronic Fuel

Injection System for 4-stroke Locomotive
Diesel

(Sharma et al., 2012) In this paper, an Electronic
Fuel Injection system over a ‘Mechanical Fuel
Injection System along with description of
‘Development and Implementation process for
retrofitting EFI system in ALCO locomotives.
Whereas the conventional system was controlled
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33

3.4

35

Whereas the conventional system was controlled
by speed and load, hence resulted in sub-optimal
fuel injection at other engine operating points.
There are three major parts of the mechanical fuel
injection system of the engine: fuel injection
pump, high-pressure tubing, and a fuel injection
nozzle.

Paper on comparative Evaluation of Turbo
Chargers for HHP Loco

(Gautam & Agarwal, 2013) have discussed on
Specific Technical Specifications of 2310 kW
Diesel Electric engine. Turbochargers used in
this study are a combination of single-stage axial
flow turbines and Centrifugal Compressors. The
experimental results and findings of the
researchers will help in making informed
decisions regarding the selection of optimized
turbochargers for Alco & EMD Locomotive
operating in Indian Railways.

Paper on ‘How to calculate the fuel consumption
of a locomotive engine depending on its
operating circumstances.

(Rymaniak, 2019) have focused on SFC in
Engines of Diesel Electric Locomotive. The
SFC is analysed based on certain engine's
operating parameters & environmental factors
mentioned based on actual field data off-road
machines and rail vehicles.

This paper also envisages ‘Improvement in
Vehicle's efficiency’ through the implementation
of'a start-stop system.

The present method of determining SFC also
finds applications in construction works,
optimized propulsion system operation by
introduction of eco driving rules for train drivers
&selection of appropriate operational routes. It
is summarized that the SFC calculation in diesel
locomotive is based on experimental and
computational approaches.

Paper on Operating a locomotive diesel
engine with the best possible specific fuel
consumption.

(Popa & Ghei, 2020) has analysed Brake Specific
Fuel Consumption (BSFC), the calculation of

4.0

5.0

BSFC and Engine Power-Speed characteristics
based on experimental determination and Creation
of SFC maps for various power and speed ranges.
For the maximum power the optimum SFC is 230
g/kWh at 525 to 675 rpm. The ‘Development in the
field of Fuel consumption optimization in
ALCO&EMD’ Diesel Engine for railway
applications along with Anticipated benefits of
Control Chart/Statistical Analysis in Identified
areas for further Research.

Objective of the Study

The specific fuel consumption (SFC) of Engine
plays a vital role in determining the fuel efficiency
of Passenger/Freight/Shunting service. SFC
values vary with the types of locomotives.
Variations in SFC depend on type of control systems
and quality of energy resources viz. Diesel, CNG,
Biodiesel, Methanol etc. Improvement in SFC
figures of modern engines is the consequence of
improvements in engine technology including
microprocessor-based fuel injection systems,
turbocharging, and fuel combustion efficiency.

By addressing the above-mentioned research gap,
this study seeks to provide insights into the fuel
efficiency of these Engine types and offer
recommendations for optimizing fuel consumption
under varying operating conditions. The findings of
this study are intended to provide insight for
enhancing locomotive performance, reducing fuel
costs, and minimizing environmental impacts.

Engine Testing Procedure

RDSO/Lucknow’ that is the nodal agency of Indian
Railways regarding Design & Development of
energy efficient equipment, engine research
laboratory in RDSO/Lucknow has been entrusted
with task of ‘Prototype Tests” & ‘Alternative Test
Plan’ for Optimised Fuel consumption in Diesel
Locomotive under varying Load & Changing
Environment during Service. Based on field
performance, calculation of SFC of a 4-stroke
ALCO engine with a 2-stroke locomotive EMD
engine, obtained by following methodology:
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Bed at BLW/Varanasi as per original manufacturer

specifications, technical documents of RDSO
/Lucknow, National/International research Papers
& Transportindustry publications.

2. To compare the specific parameters, such as
‘engine power output’, fuel consumption per
hour under test/actual operating conditions by
engine model has been defined along with the
scope and conditions of the comparison for

ensuring accurate and meaningful results.

3. Normalization of the SFC data to a common unit
has been done for accurate comparison of
ALCO& EMD Engine such as Conversion of the
SFC data to a consistent unit such as gram/BHP-
hr. Process of normalizing the data is likely to
ensure that the test results for both engine types
are represented in the same unit and similar
test/operating conditions.

4. The operating conditions such as load, speed,
ambient temperature, and humidity may

significantly impact fuel consumption of engine.
Therefore, average SFC data has been
considered the actual operating conditions.

5. Basic statistical analysis techniques & graphical
tool of Microsoft Excel has been used for
analysis of the SFC data under specific
parameters such as HP, RPM, fuel schedule, and
booster air pressure & charge air pressure of the
engine intake system are listed, notch by notch.

6. Consideration has been given to important Factors

viz. Notch wise power output, Fuel Consumed per
Hour, Speed-torque characteristics, Thermal
Efficiency and Mechanical Efficiency, which
significantly influence SFC. Other Factors such as
emission levels, maintenance requirements and
reliability also impact overall engine.

Results of Load Box Test have been generated by
Test Commander for analyzing SFC Data of
WDG-3&WDG4 Engine. Historical data on fuel
consumption suggests that a fuel-efficient

) ALCO engine's SFC falls between from154-156
1. Relevant SFC data for both the ALCO engine and Grams/BHP-Hr and 151Gms/BHP-Hr in case of

Fig 5.4 Test Commander for 4500HP EMD Engine

EMD engine has been gathered from Engine Test EMD engine
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ALCO Power Pack 1391 (09-07-22) HHP Power Pack (xxxx-2021-22)
Power Power Fuel Flow
Notch | Time Generated | Speed | SFC Time | Generated | Speed | SFC | (Kg/Hr)
1 600 165 400 | 234.14 | 1500 275 260 234.7 47.5
2 600 330 450 | 203.93 300 632 348 216 103.4
3 600 660 550 | 187.29 300 1175 486 191 183.2
4 600 990 650 | 181.14 300 1579 572 175 158.1
5 900 1485 750 170.4 | 1500 1926 672 170 301.1
6 900 1980 850 | 159.38 | 1500 2961 767 167 492.8
7 900 2640 950 | 151.35 | 1500 3815 862 159 608.8
8 1800 2750 1050 151.4 | 1800 4504 960 157 715.1
8 900 2950 1050 152.6 | 1800 4511 960 158.2 713.8
8 900 3150 1050 153.7 600 4592 960 159.6 728.1
8 3600 3225 1050 154.9 | 1800 4503 960 158.8 715.2
6.0 Tabulation of SFC Data functioning of auxiliary power unit (APU)

The Engine Division of BLW is involved in the
assembly and testing of 12 and 16-cylinder
ALCO-designed engines and 16-cylinder HHP
diesel engines of EMD design. Engine Test Shop
(ETS) is equipped with 04 No Engine Test Bed
(02 No Each for ALCO &HHP engine). Engine
Test Bed has provision of Engine testing with
Alternator. Transducers and Gauges are
interfaced with Computers and Display
&Recording Units in Test Bed. In the study of
SFC of ALCO&EMD Locomotive; an attempt
has been made to understand Techno-Economic
aspect of Energy Efficiency by diving into
principles of energy conversion system and
measures taken by RDSO/Lucknow &
BLW/Varanasi and pertinent environmental
issues with diesel electric traction viz.
greenhouse gas (GHG) emission. Example: -the
quantity of fuel injection varies at different
notches to obtain variable power during LOAD
BOX Testing. MCBG has yielded reduced fuel
consumption in IC Engines. The Complete
Combustion of fuel facilitates in zeroing down
particulate matter& CO from emitted gases. The

during Idling condition of engine enabled
substantial saving of fuel. Logbooks of
locomotive playing all over Zonal Railways &
History Sheets and maintained by Diesel Loco
Sheds form basis for Calculation of SFC during
Operation/Service.

Further Analysis of SFC of ALCO & HHP Engines
has been carried out during Manufacturing Process
& Train Operation as under: -

As per Engine Directorate/RDSO Report No.
TR/ED/2001/137 Oct-2001, SFC figure of 156
gm/bhp-hr has been specified against which
154.32 gm/bhp-hr & 156.24 gm/bhp-hr has been
achieved for 3100 HP & 3300 HP ALCO Engine
respectively at RDSO Engine Test Bed.

ALCO SFC Improvement (Year Wise:1965-
2023) analysis of the Specific Fuel Consumption
(SFC) in Gram/BHP-Hr for ALCO (WDG-3A)
and EMD(WDG-4); as observed during Testing
of Powerpack in Engine Test Shop of
BLW/Varanasi Analysis of SFC in this section
includes Parameters like power generated,
speed, SFC fuel flow for ALCO Power Pack
1391 as well as EMD. Here is a summary &

interpretation of the results:
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ALCO Power Pack 1391:

The SFC values for ALCO Power Pack 1391
range from 234.14 gm/BHP-Hr (notch 1) to
151.4 gm/BHP-Hr (notch 8). As the engine notch
increases, the power and speed also increase,
while the SFC decreases with increase in Brake
Power Output. At notch 7, the lowest SFC is
151.35 gm/BHP-Hr at 950 RPM for 2640 HP. At
Notch 8, the SFC has slight increase 151.4 at
1050 RPM and 154.9 at 3225 HP. Decrease in
SFC is nominal with increase in BHP from 3100
HP Onwards.

SFCALCO

250

200 '\..”
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1 2 3 4 5 6 7 8 8 8B &8

HHP Power Pack:

The SFC of HHP Power Pack is 234.7 gm/BHP-
HR at 1'notch and 159.6 gm/BHP-HR at
8"notch.The power and speed increases with
increasing notches, while the SFC decreases.
The SFC at 8"notch is 158.2 gm/BHP-Hr at 960
RPM & Power Generated is 4503 HP. In the load
condition the fuel flow ranges are 103.4 kg/hr
(notch 2) to 728.1 kg/hr (notch 8).
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Analysis of SFC (Gm/Bhp-Hr)
Analysis of Engine Test Bed Data of
BLW/Varanasi suggest that overall SFC of

ALCO Engine is 153.75 gm/bhp-hr at 950 RPM
which is almost close to 154.32 gm/bhp-hr for
3100 HP Prototype Engine at RDSO /Lucknow
and SFC Figure of 154+/-4 gm/bhp-hr, as
specified in ALCO user manual available with
Design Wing of BLW/Varanasi. EMD Engine at
8thNotch shows the lowest SFC value of 158.2
gm/BHP-HR at 960 RPM & Generated Power of
4503 HP in comparison to nominal SFC of 158.8
gm/bhp-hr; as specified in EMD User Manual
available with Design Wing of BLW/Varanasi.

SFCEMD
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D

Environment Conditions play a crucial role in
variation of SFC i.e. 154+/-4 gm/bhp-hr,it is
varies from 150 gm/bhp-hr to 158 gm/bhp-hr
depending upon Test Bed Setup & Environment
Conditions. It is also observed that SFC of
Engine in Winter is lesser than summer. Max.
SFC of 157.8 was during peak Summer of June
Month, while Min. SFC of 147.48 gm/bhp-hr
was observed in peak Winter of January Month.
In the ambient condition, it is also observed that
SFC and thermal efficiency of ALCO 251
Engine (4-Stroke) is slightly higher than EMD
Engine 710 B (2-Stroke).

Discussion of SFC
(ENGINE: ALCO& EMD Design)

Results of SFC during operation of ENGINE has
been analysed in previous section based on
available Experimental/Field Test Data. Overall
Comparison of SFC of ALCO & EMD may be
summarized as under: -

Both ALCO &EMD power packs demonstrate a
similar trend with increasing notches, where
higher power and speed are achieved with lower
SFC values till 7" notch.
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The HHP Power Pack generally has lower SFC
values compared to the ALCO Power Pack at
8"notch.

Fuel flow is generally higher for the EMD Power
Pack compared to the ALCO Power Pack due to
generation of Higher HP. Results of Engine Test
Bed of RDSO/Lucknow have demonstrated almost
similar Results. Although ALCO Locomotive has a
4-Stroke Engine, it’s SFC(Litre/GTKM) is inferior
to EMD Locomotive because of older DC Motor
technology & Electromagnetic Contactor Based
Propulsion System. The latest IGBT Technology
has rendered better Fuel Efficiency to 4-Stroke
Engine of General Electric Locomotive in
comparison to EMD Loco. The SFC of Diesel
Electric Locomotive has also demonstrated
consistently downward trend due to Technological
Upgradation in components of ALCO &EMD
Locomotive viz. Turbo Super Charger, Electronic
Governor, three phase propulsion system, V/f
control of AC Motors. REMMLOT and APU
during IDLE period has also been one of the
mostreason.

Detailed ANALYSIS of Duty Cycle of Loco has
revealed that Freight & Passenger ALCO&
EMD Locomotive are operating at 8" notch most
ofthe Time (Excluding Period of IDLE/Stable in
Yard).Since most of the time Loco has running at
8"notch; so, it is desirable to have better SFC at
Higher Notches to haul Load Train (4700 Ton.).
Several Experimental Results Engine Test Bed
at RDSO/Lucknow have established that SFC of
EMD Engine (Litre/GTKM) has been 4-5 % less
than that of ALCO Engine (Litre/GTKM) at 8"
notch (Full Load) because of better Traction
System.

Conclusion

Energy Engineers are aware that Efficient fuel
utilization is crucial for the optimal operation of
Engines and cost-effectiveness in Train
Operation. Under varying Environmental
Condition & Dusty/Dirty Atmosphere, Field
Performance of ALCO/EMD Engine decreases
during Freight /Passenger /Shunting Service;
consequently, Fuel Consumption of Locomotive
per KM Service also increases.

10.0

Engines manufactured by BLW are maintained
& serviced by Diesel Loco Sheds of respective
Zonal Railways for uninterrupted Train
Operation. Improvement in SFC of ALCO &
EMD Engines over the years have not only led to
saving in cost of Scarce Oil Resources but also
Reduction in Green House Gas Emission have
been consistently achieved during Train
Operation.

The parameter of SFC conveys more meaningful
behavior of 2-Stroke/4-Stroke IC Engine at
different Load under variable Environment
conditions. Measurement of SFC of Fuel &
Monitoring of Lubricant’s consumption is also
intended to improve Reliability of Engine during
Service.

Interpretation of Statistical Data such as average
value of SFC suggest variation in the range of
4-4.5 litres /1000GTKM for passenger train and
2.25 to 2.75litres/ 1000GTKM for Goods/Freight
train.
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Fabrication and Applications of Fiber Bragg Grating

Subhash Kumar Bauddha
Director Research
RDSO, Lucknow
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Abstract : A fiber Bragg grating (FBG) is a type of distributed Bragg reflector constructed in a short segment of

optical fiber that reflects particular wavelengths of light and transmits all others. This is achieved by creating a
periodic variation in the refractive index of the fiber core, which generates a wavelength-specific dielectric mirror.
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Introduction The modulation of the refractive index causes an
Fiber Bragg grating based WILD system FBG to act like a mirror that reflects certain
developed by RDSO with collaboration to Start- wavelengths and transmits others. Normal

up Company M/s Lab to Market Innovation Pvt
Ltd and Indian Institute of Science Bangalore.
Two number field level prototypes after
successful trial, has been installed at LC Gate
No. of 130 and LC Gate No. 15 of Bangalore length of the fiber.
Division of South Western Railway. After
successfully commissioning it has been handed
over to Bangalore Division for its operation and
maintenance.

optical fiber are uniform along their lengths. In a
simple fiber Bragg grating, the refractive index

of the fiber core varies periodically along the

Hibes Bragx Fiber (}ore Fiber Cladding

/
T

(y7 y>y)-y®

FBG sensors used as shown in Fig-2, offer most
popular in large-scale applications, as it allows
for both static and dynamic monitoring of strain
and temperature. Reflection & Transmission of FBG Light:
Fiber Bragg Grating—- FBG
The Fiber Bragg grating is a great emerging
technology in optical applications because it has
various unique properties. Fiber Bragg grating
(FBQG) is a periodic perturbation of the refractive
index along the fiber length which is formed by
exposure of the core to an intense optical wavelength matching the Bragg grating
interference pattern as shown in the figure below. wavelength will be reflected back to the input

Fig:2. Schematic of a Fiber Bragg Grating

As shown in the above figure, the refractive
index of the fiber core is modulated with a period
of A. When a light with a broad spectrum is
launched into one end of fiber containing a fiber
Bragg grating, the part of the light with

end, with the rest of the light passing through to
the other end. This reflection phenomena is

explained in the following figure.

Fig:1. FBG Sensor
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Reflecting light is in phase  Other wavelength is
with grating period transmitted through fiber

Fig:3. Light Reflection and Transmission in a
Fiber Bragg Grating

When the grating period is about half the input
wavelength of light, all the reflected light signals
merge comprehensibly to one large reflection at
a specific channel. This is known as the Bragg
condition. From the conservation of momentum
the Bragg grating condition hold as shown in
following equation.

2(2mn,;)
s B

21/ A

where n,; is the effective refractive index of the
fiber core, and A, is the wavelength of the
reflected light by the Bragg grating.
Therefore, the Bragg grating wavelength A, can
be expressed as
A=2.A.n,;
It shows that bragg grating wavelength is the
function of the effective index and the period of
the grating.
Any change of fiber properties, such as strain,
temperature or polarization which varies the
model index will change the bragg wavelength.
The development of permanent grating in optical
fiber was first introduced by Hill.

Fiber Bragg Grating Structure:
The structure of the FBG can vary via the
refractive index, or the grating period. The grating
period can be uniform or graded, and either
localized or distributed in a superstructure.

@ 125 ur Cladding

@ 25 um Coating @ 900 um Buffer

Fig:4. Fiber core structure

There are six common structures for Fiber Bragg

Gratings being used.

1. Uniform positive index change
2. Gaussian apodized

3. Raised-cosine apodized

4. Chirped

5. Discrete phase shift

6. Superstructure

[rmmmmm—

Fig: 5.1 Uniform Fiber Bragg

e

Fig: 5.2 Chirped Fiber Bragg

e ———

Fig: 5.3 Tilted Fiber Bragg Grating

ey

Fig: 5.4 Superstructure Fiber Bragg

Fiber Bragg Grating Sensors:

For measuring mechanical and physical
phenomena electrical sensors have been used.
These sensors have intrinsic borders like
susceptibility to interference and transmission
loss that make their usage challenging in many
applications. Optical fiber sensing is the best
solution to these challenges, using light as
compare to electricity and standard optical fiber
instead of copper wire. The several innovations
over the last two decades in the field of fiber-optic
communication & optoelectronics taken place.
The fiber-optic sensor works by modulating one or
more properties of a propagating light wave,
intensity, including phase, polarization and
frequency in response to the environmental
parameters to be measured. Intrinsic optical
sensors utilize the optical fiber itself as the sensing
element. The most commonly used optical sensors
are the fiber Bragg grating that reflects a
wavelength of light in response to variations in
strain and temperature. Application based FBG
sensors are constructed by special technique.
These sensors are constructed by using a phase
mask or holographic interference. When a broad
light beam is send to FBG, reflections from each
segment of alternating refractive index interfere
constructively only for a definite wavelength of
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light, known as Bragg wavelength, described in
equation. This effectively causes the FBG to
reflect a specific frequency of light while
transmitting all others. As well as being sensitive
to strain, the Bragg wavelength A, is also
sensitive to temperature. This means that fiber
Bragg gratings can be used as sensing elements
in optical fiber sensors.

In a FBG sensor, the measure and causes a shift
in the Bragg wavelength, A),. The relative shift
in the Bragg wavelength, AA,/ A,, due to an
applied strain (g) and a change in temperature
(AT) is approximately given as below.

(Aky)

Ay

Fiber Bragg gratings can then be used as direct
sensing elements for strain and temperature.
Formation of Fiber Bragg Grating:

= C,.e+C,.AT

The two overlapping UV light beams generates a
periodic interference pattern as shown below
has equivalent periodic index grating. The UV
radiation is split into two equal-intensity beams
and then recombined to produce an interfer- ence
pattern within the core, normal to the fiber axis.
The intensity of the pattern is increased by
focusing the beams on the fiber with a pair of
cylindrical lenses. It generates the Hill gratings
the wavelength of the blue argon laser lineg.

Polymer Fiber Coating

UV Beam ®¢ UV Beam

FBG Region

iber Cladding

Fiber Core

Fig:6 Fiber Bragg Grating Device

There are three main formation technique of the
Fiber Bragg grating as detail given below.
L. The Interferometry Technique:

This technique is based on the interferometer
which splits the incoming laser beam into two
beams and then recombines them to form an
interference pattern. The interference pattern
induces arefractive index modulation in the fiber

core with the same spatial periodicity as the
interference pattern.

Obtaining of very high refractive index changes
is depended on the high contrast and stability of
the interference pattern. The spatial period A is
related with the writing wavelength on the basis
of'equation:

)\‘UV

A=
2.sin(0/2)

Where A, is wavelength of the basic laser beam,
0 is the intersecting angle between two writings
beams. By changing the intersecting angle 0
between the two writing beams, having a
wavelength equal to A, it is possible to write
Bragg grating for almost any wavelength. This
method offers a good flexibility for producing
gratings of different lengths.

Q2R N\ ()
fo ————-

v - v

Fig:7 Interference fringes induced by two
interfering UV beams

II.

The Point by Point technique:

In this technique the pulse excimer laser is used
to writing the changes of refractive index to the
core of the optical fiber. The change of refraction
index is induced along the core of the fiber a step
at a time. A single pulse of the UV light from an
excimer laser passes through a mask to the core
of the fiber containing a slit and thus the
refractive index of the corresponding core
section increases locally. The fiber is then
translated through a distance corresponding to
the grating pitch in parallel direction to the fiber
axis and the process is repeated to form the
grating structure in the fibers core.

Advantages: This technique is the possibilities
to locally modify the A and to realize very long
gratings.

Disadvantage: It is the shift in the axis core
direction. This shift must be very accurate.
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111.

The Phase Mask Technique:

This is the widely used technique for reproducible
Bragg gratings fabrication. The phase mask is a
diffractive optical element that spatially
modulates the UV laser writing beam. The phase
mask can be formed by holographically or by
electron-beam lithography in a high quality fused
silica, transparent for the UV writing beam. The
advantage of holographic formed phase mask is
no stitching error. The stitching error is normally
present in the electron-beam formed phase mask.
The profile of the periodic grating corrugation is
chosen to suppress the zero order diffracted beam
to a very small percentage of the transmitted
power (less than 5%). On the other side, the
diffracted plus and minus first orders are
maximized, each containing typically more than
35% of the transmitted power. A near-field fringe
pattern is produced by the interference of the plus
and minus first-order diffracted beams. This pattern
photo induces a refractive index modulation in the
core of the photosensitive optical fiber placed in
close proximity, immediately behind the mask. At
negligible zero order contribution, for fibers aligned
parallel to the phase mask, the period of the fringes
is one-halfofthe phase mask period, A pm.

Grating Cnrrugationsln(idem uv

i

Silica Glass Phase Grating
1
|

Optical Fiber
/ P
"
#*

-1* Order l ‘ +1" Order

) Zero Order (<5%)
Fiber Cor

Fringe Pattern
Pitch=1/2 Grating Pitch

Fig:8 Phase mask writing technique

Advantage: The simplicity of the phase mask
writing technique provides a robust and
inherently stable method for producing fiber
Bragg gratings. Since the fiber is usually close to
the mask, the sensitivity to mechanical
vibrations and stability problems are minimized.
Disadvantage: The phase mask technique is the
need of a mask for each desired Bragg
wavelength.

Advantages of FBG sensors

Insensitive to electromagnetic interference
(EMI)

o

o

o

R3

o

o

o

o

e

o

o

o

o

o

S

Passive sensor element, Chemically inert

High bandwidth

Large array of sensors can be placed on the same
fiber

Offers multiplexing of large number of sensors
Small size, light weight, hence non-obtrusive
Remote location and embedded sensing
Asapoint sensor, can be used to sense normally
inaccessible regions without perturbation of
transmitted signals

"

o

o

%o

"

o

< Eliminates bulk electronics for signal

conditioning and cabling

< High linearity, sensitivity, accuracy and

resolution

Fiber Bragg Grating Applications

FBG Sensors for condition monitoring of the
railway assets : FBG system which can monitor
health of rolling stock as it passes through it on real-
time basis can help in timely detection of defect for
further attention and repairs to the rolling stock.

FBG sensors for the Medical science : Its broad
application in medical science field due to their unique
properties such as small size, biocompatibility,
immunity to electromagnetic interferences, high
sensitivity and multiplexing capability.
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FBG sensors for Aerospace Industry: For various
applications in the field of aerospace engineering,
such as pressure sensing, ground-based
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aerodynamic test facilities, shock pressure sensing,
spacecraft monitoring and structural health
monitoring of aircraft composites.

Fmbokdms positve
of multplened RO semony

FBG sensors for the electric power: FBG
temperature sensor array for monitoring
temperature variation of the hydro-electric
generators, which is normally a consequence of the
current and must be kept under close observation
because rises above 1000C may accelerate the aging
of insulating materials and conductors.

OPTICAL CABLE

Monitoring of power transmission : Lines in-
service time, the variability in structural, thermal
and environmental loads, the state of foundations
(displacement and degradation), the corrosion of
supporting structures and lack of technical
documentation are essential factors to be monitored
real time using FBG sensors.

%0 o% o%
EXEX R

Shell of FBG Sensor

Remote Sensing Unit

FBG Sensors for Mines: The FBG signals received
and analyzed to determine the location and energy
level of the source of the micro-seismic event
warning.

FBG sensors for defence : FBG sensors for
structural health monitoring (SHM) in aerospace
fiber reinforced polymer (FRP) Structures. It’s an
innovative method to interpret FBG signals for
identifying damage inside the structure.
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Effect of Adhesion Promoting Primer on Stainless
Steel Side Wall of Railway Coaches

S. Palani
ACMT
ICF-Chennai

V. Jothi

C&M Supdt.
ICF- Chennai

metal than with other paints.

(Abstract : Adhesion & Compatibility of paint coatings is a very crucial factor in determining the Durability of\
Paints. This paper aims to evaluate the adhesion strength of APP on bare metal and the compatibility / adhesion
strength between Etch primer & Adhesion Promoting Primer.

In this study, we are going to deal with Etch primer & Adhesion Promoting Primer in detail and the test methods
to evaluate the Compatibility / Adhesion strength of both Etch Primer and Adhesion Promoting Primer. This study
also reveals the advantages and disadvantages of Etch Primer & Adhesion Promoting Primer and their application
in Indian Railways. This paper study reveals also the adhesion promoting primer is having better adhesion with bare
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Introduction:

Both Etch Primer and Adhesion Promoting
Primer are exclusively applied on bare metal for
the preparation of the surface for further
coatings. Hence, it becomes an interesting
subject to study the application of both the
primers is a needed one or not and their
advantages and disadvantages and also the
adhesion strength in between them.

Keywords— APP- Adhesion Promoting primer
pm - Microns
SS-Stainless steel

Psi -Pounds per square inch

What are Etch Primer:

Etch primers also called as Pre treatment primers
are single / dual pack metal primers with a
combination of resins to maximize the adhesion
to various metal surfaces on which they are used.
Alow level of phosphoric acid is present in these

primers to etch the metal surface and improve
adhesion. The coatings also contain zinc
phosphate anti corrosion pigment for steel
surfaces.

When should they be used?

Etch primers are used on surfaces that cannot be
prepared by abrasive blast cleaning. Surfaces
that can be prepared by abrasive blast cleaning,
would be better served by a conventional two
pack Epoxy primer as they provide better long
term corrosion protection than Etch primers.

Advantages:

1. Rapid cure of less than 1 hour provides strong
base for top coats

2. Provides good adhesion over variety of different
metals than other metal primers
Minimal Surface preparation

4. Some degree of corrosion protection

éﬂ@ﬂm&[ﬁmmnmmﬂﬂ flocooooop)
e = = ]




Disadvantages:
1. Notapplicable in coastal environment
2. Higher than recommended film thickness

(>25um) causes delamination.
In Indian Railways:

In Railways Etch primer to ICF/MD/Spec.231
(ICF Specification) is recommended for
application on the side wall Exterior of Railway
coaches. Itis a widely used eco friendly modified
water based paint.

Adhesion Promoting Primer:

As the name implies Adhesion Promoting
Primers improves the adhesion between
substrate and coatings by creating an interface
for additional covalent bonds. This increases the
adhesion and the bond between the substrate and
coatings, thereby increasing the strength and the
durability of the coatings.

This two pack primer contains acrylic resin,
Epoxy ester resin along with Pigments.

When should they be used?
The two pack Adhesion Promoting Primers is
intended to be used as first coat on bare metal to
provide etching and adhesion to Stainless steel
and also works on Corten Steel substrate for
interior and exterior application.
They are applied directly on steel surfaces and
eliminates Garnet blasting from the operation.
It provides good adhesion on the substrate and
good compatibility with subsequent coats.
It is specially used on surfaces where extensive
corrosion protection is required.

Advantages:

1. Rapid cure of less than 1 hour provides strong
base for top coats

2. Provides Excellent adhesion over variety of
different metals. (Pull off Strength 850 Psi)

3. No Surface preparation
Excellent degree of corrosion protection upto
500 hours

5. Superior Humidity resistance upto 1000 hours.

6. Good Impact resistance

7. Good Fire resistance

Disadvantage:

1. Expensive than the conventional epoxy primers.

In Indian Railways:
In Railways Adhesion Promoting Primers to
MDTS 48279 (RCF Specification) is
recommended for application on the side wall
Exterior of Railway coaches. This superior
primer rapidly replacing the commonly used
Epoxy zinc phosphate primers in various
industries.
Compatibility Study of Etch Primer and
Adhesion Promoting Primer (app) Experiment
—Pull off Strength
SS test panels were prepared with Etch primer on
bare metal, APP on bare metal and Etch primer +
APP on bare metal and tested for Pull off strength
asperASTM D 4541-17 (Fig-1).
This test method covers a procedure for
evaluating the pull-off strength of a coating
system from metal substrates. This test method
maximizes tensile stress as compared to the
shear stress applied by other methods. This test is
performed by securing a loading fixture dolly of
20 mm dia normal to the surface of the coating
with a glue. After the glue is cured, a testing
apparatus is attached to the loading fixture and
aligned to apply tension normal to the test
surface. The force applied to the loading fixture
at a rate of 150 psi /sec or less and monitored
until the loading fixture is detached. The force at
which loading fixture detaches from the
substrate is considered as the pull off strength of
the coating.

/;g- 47

~ Adhesion Tester Type, Ve o sa bl

[Aooooooo[A DDDDDDDP@@M@M@%
& 7 e | J




Indian Railway Technical Bulletin- September, 202_

Graphical representation of the Pull off Strength

Pull off strength of
Adhesion Promoting Primer
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Loading Fixtures of 20 mm dia. 400
300
(Fig-2) Pull off strength test 200
Etch Primer on Bare metal 103

e . . 1 2 3

M Etch Primer on bare metal

Load inPsi

m Etch Primer + APP on bare metal

B APP on baremetal

Etch Primer + APP on bare metal
Following is the observation made:
Adhesion Strength of APP was lowered when it
is applied over Etch primer in comparison with
the Adhesion Strength of APP on bare metal.

Conclusion:
APP on bare metal From the experlme.ntal a§a1y51§, o
1. Adhesion Promoting primer is far superior in
providing the Adhesion strength than Etch
Primer.

2. Adhesion strength of Adhesion Promoting
primer is lowered when it is applied over and

above the Etch primer.
References:
1. ICF/MD/Spec.231

2. MDTS 48279 Rev.03
3. ASTMD 1002-2010
4 ASTMD4541-17

Table-1 Pull off strength test
Etch APP
'E,t(.:h Primer + on bare
S.No. rlr:er APP metal
on alre on bare Requirement-
meta metal 850 Psi (min)
1. 430 607 865
2. 438 602 858
3. 423 595 870
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) Instructions for the guidance for ¢
contribution to the Indian Railway Technical Bulletin
published by RDSO

Articles are invited from the serving and retired Railway personnel of the Zonal Railways,
Railway Institutes and Production Units for publication in Indian Railway Technical Bulletin
(IRTB) on:

(1) Technical articles relevant to railway working.

(i) Reference to Railway-relevant good articles from reputed magazines.

(ii1) Short notes on handy gadgets or practical hints on care, maintenance and operation
of equipment used in railway working.

About the article:

»  Article should normally not exceed 3000 words. Article should begin with a synopsis,
both in English & Hindi not exceeding 100 words. Reference should be quoted
numerically in a bibliography at the end. Standard or well recognized notations
should be used. Personal reference and lengthy quotations should be avoided.

In case of reference to articles (item ii above), whereabouts of the article (name of
magazine, publication month, article's name, author's name), and 2-3 lines about what
the article is about and how it is so good - should be sent.

»  Author's full name, designation and photograph should be sent.

»  The authors should certify that the articles sent for publication in the Indian Railway
Technical Bulletin have not been sent elsewhere for publication.

»  The entire content (article, photograph, certification etc.) should be sent in hard copy
to Executive Director / Administration, Research Designs and Standards
Organisation, Manak Nagar, Lucknow-226011 as well as in soft copy (editable e.g.
.doc as well as non-editable, e.g. .pdf formats) to e-mail: publicationrdso@
gmail.com, aliordso@gmail.com.

Articles from officials of RDSO should be routed through, and approved by, the concerned
Executive Director. In case of articles from outside RDSO, they should be duly forwarded by
department head (SA Grade and above). Retired Railway personnel may send their article
directly.

Decision of Executive Director /Administration regarding selection of article for
publication in IRTB shall be final.

Comments and criticism in the form of 'Letters to the Editor' on articles which have
appeared in earlier issues of the bulletin are welcome. Suggestions about improving the IRTB
are also welcome.
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