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IP BASED INTEGRATED PASSENGER INFORMATION SYSTEM (IPIS) ON 
INDIAN RAILWAYS

Santosh Kumar Agrawal
Assistant Design Engineer/ Telecom

RDSO, Lucknow

Manish Kumar Gupta
Sr. Section Research Engineer/Telecom

RDSO, Lucknow

Abstract: The purpose of the “Integrated Passenger Information System is to provide arrival/departure 
information of trains and any other video/image/alert information to passengers”. In addition, the system may 
also be used simultaneously for commercial advertisement and video information by the Indian Railways.

In the upgraded system, the standard IP technology is used for communication between different modules. 
Remote Monitoring System (RMS) is used to monitor the data being streamed and health status of the equipments 
using the secured login on Railnet. Software is made independent of hardware to achieve interoperability of 
systems of different vendors. Input and output connectors for copper and Optical interface also defined so that 
devices from different vendors can be used as a plug-n-play device. Dimensions of various types of display 
boards are defined to maintain uniform looks across display boards from different vendors.

The system consists of networked Indoor & Outdoor Video Display Boards, Train Indication Displays, Coach 
Guidance Displays and PC Based Announcement System. In the multi-colour display board, the various fields 
that are used to show the “Train number, Train name, Arrival or Departure status, Time and Platform Number” 
can be displayed in different colours for the passengers to easily read and differentiate. Trains having certain 
special status can be displayed in different colours. Status Like cancelled, diverted, platform changed etc., can 
be displayed in special colours to quickly capture the attention of the passengers.

साराशः आईपी आधारित एकीकृत यात्ी सूचना प्रणाली का उपयोग िलेवे स्ेशनों पि टे्नों के आगमन/प्रस्ान की जानकािी औि यात्त्यों को कोई 
अनय वीत्ियो/छायात्चत्/अल ््ट की जानकािी दनेे के त्लए प्रदान त्कया जाता है। इसके अलावा इस त्सस्म का उपयोग भाितीय िलेवे द्ािा वात्णत््यक 
त्वज्ापन औि वीत्ियो की जानकािी दोनो के त्लए एक सा् त्कया जा सकता है।

उननत प्रणाली में त्वत्भनन मॉि्यूल के बीच सचंाि के त्लए मानक आई.पी. तकनीक का उपयोग त्कया जाता है। रिमो् मॉनीत्टं्ग त्सस्म (आि. एम.एस.) 
का उपयोग िलेने् पि सिुत्षित लॉत्गन का प्रयोग किके सट्ीम त्कए जा िहे िे्ा औि उपकिणों की त्स्त्त की त्नगिानी के त्लए त्कया जाता है। त्वत्भनन 
वेनिि के उपकिणों के बीच काय्टकािी सामंजसय स्ात्पत किने के त्लए साफ्वेयि को हाि्टवेयि से सवतनत् िखा जाता है। कॉपि औि ऑत्््कल 
इं्िफेम के त्लए इनपु्  औि आउ्पु्  कनेक्ि को भी त्नधा्टरित त्कया गया है तात्क त्वत्भनन वेनिि के उपकिणों को ्लग इन ्ले त्िवाइस के रूप में 
उपयोग त्कया जा सके। त्वत्भनन वेनिि के त्िस्ले बोि्ट एक समान त्दखें इसत्लए अलग अलग तिह के त्िस्ले बोि्ट की माप (लमबाई, चौड़ाई, ऊंचाई) 
को त्नधा्टरित त्कया गया है।

त्सस्म में ने्वक्ट  इंिोि औि आउ्िोि वीत्ियो त्िस्ले बोि्ट, टे्न इंिीकेशन त्िस्ले, कोच गाइिेंस त्िस्ले औि पीसी आधारित अनाउंसमें् त्सस्म 
शात्मल हैं। मल्ी-कलि त्िस्ले बोि्ट में त्वत्भनन जानकारियां जैसे टे्न नमबि, टे्न का नाम, आगमन प्रस्ान की त्स्त्त, समय औि ्ले्फाम्ट नमबि 
त्दखाने के त्लए अलग-अलग िगंो में प्रदत्श्टत त्कया जाता है त्जससे यात्ी आसानी से पढ़ सके औि अनति समझ सकें । कुछ त्वशेष त्स्त्त वाली टे्नों 
को अलग-अलग िगंो में प्रदत्श्टत त्कया जाता है। यात्त्यों का धयान जलदी से आकत्ष्टत किने के त्लए िद्द, िायव ््ट , ्ले्फाम्ट परिवत्त्टत आत्द त्स्त्तयों 
को त्वशेष िगंो में त्दखाया जाता है।
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1. Introduction
● IP based IPIS is an automated system which 

provides the latest information on the nature and 
state of the train to the passengers.

● It provides information about train arrival/
departure, PC-based announcement, true color 
commercial advertising and various video/ 
image /alert information.

● It includes a Central Data Controller (CDC) and 

various display types, placed at different station 
locations with networking functionality.

● To communicate with different devices an IP-
based central ring network is formed.

● All Operations are carried out by local operators 
through the software.

● Web-based Remote Monitoring System (RMS) 
is used to monitor the system remotely from any 
location within the same network.

Fig.1 Schematic Diagram of IP based IPIS

2. Applications:
● IP Based Integrated Passenger Information 

Systems are installed at Railway Stations to 
provide arrival/ departure information of trains 
on different types of LED display boards along 
with PC based announcement and any other 
video/image/alert information to the passengers.

● The System consists of a central data controller 
fully loaded with software, based Announcement 
system and LED Display boards of different 
sizes.

● The multiline display boards are placed at the 
main entrance/ concourse of the railway station 
to display multiple trains at a time.

● Platform display boards are installed at 
platforms to display train information of 
particular platforms.

● At-a-glance display boards with coach 
composition are provided at entry of platform/
foot over bridge to indicate the details of train 
arriving/ departing on that platform along with 
coach composition of the train.
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● Coach Guidance Display Board (CGDB) are 
provided on the platforms for displaying coach 
position of the train.

3. Advantages:
● Continuous live announcement and display 

assists in safe and stable movement of 
passengers.

● True color and TV Display contribute to the 
benefit of selling the spaces for commercial use 
to raise extra income in the public interest.

● Anyone who enters the station knows how 
important it is to hang up for an information 
display.

● The IPIS system increases overall customer 
loyalty and decreases confusion in every 
scenario when at the waiting area, lounge, ticket 
counter, parking or platform.

● To show the “Train number, Train name, Arrival 
or Departure status, Time and Platform Number” 
can be displayed in different colours for the 
passengers to easily read and differentiate.

● Trains having certain special status can be 
displayed in different colours. Status Like 
cancelled, diverted, platform changed etc., 
can be displayed in special colours to quickly 
capture the attention of the passengers.

● Being full colour and full matrix display, the 
system can be used to display specially designed 
messages and display content (text, graphics & 
video clippings) based on the occasions with 
live video.

4. Key Features of IP based IPIS System:
● Complete IP Based system on one network, 

connected to Railnet/ LAN to achieve remote 
monitoring from Divisional HQ/Zonal HQ/ or 
any other Remote locations.

● Introduction of Remote Monitoring Server 
(RMS)- A useful feature for monitoring and 
reporting incorporated to remotely monitor, 
diagnose and report on each display device with 
current displayed data, down time etc. from 
remote location. Provision for connecting RMS 
to the Railnet is also incorporated for future 
integration of all IP based IPIS across PAN-
India.

● System level vendor interoperability achieved 
by defining protocol and using IEEE standard 
Ethernet connectivity across all types of 
devices. Software independent from hardware 
to achieve interoperability and reduce vendor 
lock-in.

● Input and output connectors for copper and 
Optical interface also defined so that devices 
from different vendors can be used as a plug-n-
play device.

● Dimensions of various types of display boards 
are strictly defined to maintain uniform looks 
across display boards from different vendors.

● True color and Mono color Display boards as 
per station requirement in single specification 
by merging of two items namely IPIS (RDSO/
SPN/TC/61) and TRUE COLOUR VIDEO-
CUM-TRAIN INFORMATION DISPLAY 
SYSTEM (RDSO/SPN/TC/67).

● Reduced Pixel pitch of Indoor and Outdoor 
Video display units without considerable 
compromise in overall display size thus enabling 
better visibility of media for higher commercial 
utilization.

● Optical Fiber Cable based data communication 
of display boards enabling remote operations 
from local stations. Data communication on 
OFC to avoid interference by 25KV electric 
traction and achieve high bandwidth.

● Industrial grade Monitors used for TV / Plasma 
display to ensure clarity in visibility and longer 
lifetime of the system as comparable with 
display boards.

● Use of 3-in-1 SMD LEDs in lieu of Leaded 
R+G+B LEDs for better performance, 
availability, low heat dissipation and cost & 
weight reduction.

● All display units are constructed using the 
same display module. It makes Installation & 
transportation simple & maintenance easy.

● The application software is windows-based, 
more secure and easy to use.

● Data integrity is retained even when various 
users access the software, in both the servers as 
well as in RMS.
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● The RMS is built web-based such that the IPIS 
can be monitored from any of the normal PCs 
remotely linked in the same network.

● Various customised reports can be generated for 
future reference.

● The Display board’s intensity can be adjusted in 
automatic mode or manual mode.

● The Software is designed in such a way that the 
User Interface (UI) is very simple.

● For any newly added train, announcement 
files recorded externally are attached via user 
interface automatically.

● All the features are offered on the homepage 
just to make it user-friendly.

● Standard TCP/IP and UDP Protocol is used for 
Data transfer.

● Data transfer and announcement by single-click 
button.

● Provision of updating data from NTES (National 
Train Enquiry System) and COIS (Coaching 
Operations Information System).

● Easy addition, deletion and modification of 
train, coach and other details.

● Standard PC based train, coach, slogan and 
special announcement.

● Manual special message recording and playback 
facility.

● UNICODE norm for accessing data in all 
languages.

● Regional display language and announcing 
language are supported.

● Laced with Overall system communication 
health status indication.

● Number of lines of MLDB, IVD and OVD are 
easily configurable.

● On OVDs (Outdoor Video Displays) & IVDs 
(Indoor Video Displays) the information for 
specific train status can be customized in 
different colors.

5. SYSTEM DESCRIPTION:
The IP Based Integrated Passenger Information 
System (IPIS) consist of Central Data Controller 

(CDC) loaded with software for announcement 
& display, Remote monitoring Software 
(RMS), PDC (Platform Data Controller), LED 
display (TV) and display boards of different 
sizes like Single Line, Multiline, At a glance, 
True colour Indoor and outdoor video display, 
Coach Guidance.

5.1 Central Data Controller (CDC):
 � Standard cabinet to house two CPUs (PCs) 

connected through Central Data Switch 
(CDS) for data synchronization, one 17” 
(minimum) Colour monitor 
to be connected through a 
Keyboard-Video-Mouse 
(KVM) switch, speaker 
and microphone for live 
announcement.

 � The CDC provides 
complete control and data 
entry.

 � The CDC works in 
redundant mode with 
another system for 
changeover at failures.

 � Continuous data synchroniza-
tion between two PCs through 
LAN link.

 � Provided with voice recording and voice 
playback facility for PC announcement.

 � Equipped with hardware and software for taking 
data from various Train Information systems 
like NTES, COIS etc.

 � Communicates with each system placed in the 
station.

 � Selection mechanism for the announcement 
& display train information, language of 
announcement & display i.e., Regional, Hindi, 
English or all three.

 � Video and image display on IVD & OVD for 
commercial advertisement, entertainment 
programs and other information. 

5.2 Platform Data Controller (PDC):
• The Design of the PDC is based on a minimum 

32-bit microcontroller.

• Layer-2 switch compatibility features for 
routing packets.

Fig.2 Central Data 
Controller (CDC)
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• Communication is either via optical fiber or 
ethernet.

• The PDC Routes the data from the CDC to 
downstream display devices.

• It checks the integrity of packets and drops 
corrupted packets from transmission.

• It checks the link with each system and passes 
the status to the CDC.

• The PDC health status is indicated locally on 
LED and also communicated to CDC.

• The Self-Diagnostic routines are provided to 
the operator to know the faulty ports.

5.3 Multiline Display Board (Mono colour): 
To display train Information in mono colour i.e. 
Train number, Name, time of arrival/departure 
and platform number. It will show information 
of up trains/ down trains or both as decided by 
the purchaser. The multiline display boards 
will be placed at the main entrance/ concourse 
of the station. 

5.4 Multiline Display Board (Multi colour):
To display train information in multi-colour, 
commercials, entertainment programs and 
other information to passengers. There are two 
types of multicolour multiline display board: 
(i) Outdoor Video Display (OVD) (ii) Indoor 
Video Display (IVD).

● Displays multi-color train detail and 
promotional Railway videos or commercial 
ads.

● Classified as up/down/arrival/departure/
All.

● Modular construction to create a large 
cohesive display with higher resolution.

● LED modules are interchangeable and can 
be used anywhere.

● Each module consists of LEDs and drivers.

● Scrolling, flashing message line provided.
● Gaskets/connectors to avoid water and Air 

filters to avoid dust entry into the cabinet.
● Supports a wide range of video/image 

formats.
● Different colour for different status.
● Can be mounted on poles or fixed on walls 

at concourse/waiting hall/entry.
● Information displayed can be in English, 

Hindi and regional as well on time slot 
basis.

5.5  Platform Display Board:
  To display the information of the train 

scheduled for arrival/departure from that 
platform i.e. Train number, Name, time of 
arrival/ departure in mono colour. The Platform 
display boards will be placed at suitable places 
on platforms/ foot-over bridges.

5.6 At-A-Glance Display Board :
● It displays information of the train arriving/

departing from that platform with coach 
composition.

● Train information is given on two lines LED 
matrix of each 16 x 192.

● Displays coach composition information in a 
four-line LED matrix of each 8 x 192.

● Train information & coach composition 
information are shown alternatively.

● Can be single or double faced.
● Can be configured for 1,2 or ALL platforms.

Fig. 4 A typical Display (Multi-Color)

Fig. 3 A typical Display (Mono-Color) Fig. 5 A typical Platform Display (Single Line Display)

Fig. 6 At a glance Display
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It also displays Train information as a two lines 
LED matrix of each 16 x 192.

5.7 Coach Guidance Display Board: 
 To indicate position of coach No. scheduled 

for arrival/ departure from that platform for 
guidance of passengers in mono colour.

5.8 Display Monitor/ LED TV:
(Industrial grade capable of working 24x7) to 

display train information being displayed on 
a Multiline Display Board. Display monitor 
shall be provided in the enquiry offices, waiting 
rooms or at any suitable Indoor application 
only.

• The TV display is for indoor application 
only like control room, waiting hall, enquiry 
etc.

• Monitor displays are also configured on the 
network over LAN.

• It can display train data, media and coach 
data as well.

• Provision to play media with or without 
audio.

• The TV display shows information in 
all three languages (Hindi, English and 
Regional).

Fig. 7. Coach Guidance Display

5.9 The RMS Server:
The RMS server shall be provided at each 
station for remote monitoring. CDC shall be 
connected to RMS & RMS can be connected 
to Railnet/ any other compatible network for 
remote monitoring. Following information can 
be monitored in RMS;

• Train monitoring provides information 
regarding train and coach data.

• Informs about last data send.

• Tells about CDC status.

• Number of devices configured and 
connected.

• NTES/COIS status.

• Network Monitoring provides detailed 
information on devices.

• Device Monitoring provides the link status 
of the devices.

• The device, name, IP address and the link 
status is provided. Red means Disconnected, 
green means connected.

6. Conclusion:
The IPIS has been a very useful passenger 
amenity for safe & timely movement of 
passengers over the station area. Introduction 
of IP based IPIS has further improved the 
system with respect to Standard protocols used 
for communication, uniform display boards, 
Interoperability of systems of various suppliers, 
Centrally Monitoring of various data (Input/
Output), Various reports generation centrally 
as well as locally. The system opens doors for 
future integration of the systems over Indian 
Railways on PAN India Basis.

Fig. 8 A typical TV monitor Display 
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“OXYGEN-THE NEW OMNIPRESENT PRESCRIBED”

Vineet Singhal
Chief Plant Engineer

RCF, Kaporthala

Rajat
Sr. Section Engineer/M&P

RCF, Kaporthala

Abstract: Oxygen is a critical element for human life existence, and because of its natural availability 
through the air, it is sometimes forgotten to be a life-saving essential medicine and this weakness 
of medical oxygen production and delivery was clearly exposed in Covid-19 scenario. Despite the 
administration trying their best to supply medical oxygen, demand overtook the supply, making its 
availability inadequate during the pandemic times. 

This article focuses on how team of RCF’s Plant Department under the vision of their General 
Manager, took the challenge to provide uninterrupted Oxygen to their infected staff and their families. 
Other Railway Hospitals administration and policymakers can derive learnings from this article to 
understand need of the hour and prioritize the requirements on need to need basis.

साराशं :  मानव जीवन के अत्सततव के त्लए ऑकसीजन एक महतवपूण्ट ततव है, औि हवा के माधयम से इसकी प्राकृत्तक उपलबधता के 
कािण, इसे कभी-कभी जीवन िषिक आवशयक दवा के रूप में भलुा त्दया जाता है औि त्चत्कतसा ऑकसीजन उतपादन औि त्वतिण की यह 
कमजोिी कोत्वि -19 परिदृशय में सपष्ट रूप से उजागि हुई ् ी। त्चत्कतसा ऑकसीजन की आपूत्त्ट के त्लए प्रशासन द्ािा अपना सव्टशे्ष्ठ प्रयास 
किने के बावजूद, मांग ने आपूत्त्ट को पीछे छोड़ त्दया, त्जससे महामािी के समय में इसकी उपलबधता अपया्टप्त हो गई।

यह लेख इस बात पि कें त्रित है त्क कैसे आिसीएफ के सयंतं् त्वभाग की ्ीम ने अपने महाप्रबधंक के सकुशल दृत्ष्टकोण के तहत, अपने 
सकं्रत्मत कम्टचारियों औि उनके परिवािों को त्नबा्टध ऑकसीजन प्रदान किने की चनुौती ली, अनय िलेवे असपताल प्रशासन औि नीत्त 
त्नमा्टता समय की नज़ाकत को समझने के त्लए इस लेख से सीख प्राप्त कि सकते हैं औि आवशयकता के आधाि पि प्रा्त्मकता तय कि 
सकते हैं ।

PROLOGUE
Let’s put some light on major challenges faced 
in Covid scenario:

1. Oxygen Production: Oxygen is a critical 
element for human life existence, and 
because of its natural availability through 
the air, it is sometimes forgotten to be a life-
saving essential medicine. Therefore, Oxygen 
generation plants which can work continuously 
have become an urgent demand for oxygen 
supplement. In existing scenario, there are two 

major technologies incorporated in Oxygen 
Generation, pros and cons of both explained 
later. Pressure swing adsorption technology 
has been widely used in small and medium-
sized oxygen production equipments. Optimal 
medical infrastructure utilization became a high 
priority for Governments worldwide during the 
COVID-19 pandemic.

2. Expertise in Oxygen Manufacture and Supply 
Expertise Makes an Enormous Difference: 
Governments across the world attended medical 
emergencies triggered by the COVID-19 
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pandemic. Like several other countries, India, 
the second-most populous country, battled for 
optimal usage of medical infrastructures, such 
as hospital beds, medical oxygen, and others[1]. 
This pandemic required different kinds of 
facility to handle patients from distance[2] 
while prediction of lockdown period also had 
importance[3].Its importance once grew more 
during the COVID-19 pandemic because of its 
close association with the respiratory system[4]. 
High-flow nasal oxygen is found to be a safe 
and efficient treatment for COVID-19 patients 
who are not in an ICU[5]. WHO says that 15 
percent of COVID-19 patients require medical 
oxygen because of breathing difficulties[6].

3. Assessment of Oxygen gas Supply system: 
COVID-19 clearly exposed a major weakness 
in the health systems – that of medical 
oxygen production and delivery[7]. Despite 
administrations trying to do their best to supply 
medical oxygen, demand overtook the supply, 
making its availability inadequate during the 
pandemic times. Some modern methods, such 
as on-site medical oxygen production using 
oxygen generators, are experimented. Such 
setup enables continuous, reliable, and cost-
effective supply for mobile and static medicine. 
They are specially designed and developed to 
supply oxygen in medical facilities following 
strict quality guidelines. These generators meet 
global quality standards and provide purity 
of 93 to 96 percent. Thanks to Industry 4.0 
standards, remote monitoring, and operation of 
the medical oxygen generation systems can be 
done from a computer workstation, tablet, or 
smartphone from anywhere in the world. Smart 

factories can help in optimizing the compressor 
room practices at the manufacturing unit[7]

4. Establishing Oxygen Demand Analysis and 
Procurement System: Normally, Hospitals 
procure medical oxygen through cylinders that 
fill it at industrial gas plants. The cylinders 
are installed in the hospital basement or at 
proximity and piped to the patient's bed. The 
patients are charged based on consumption. The 
challenge for medical and health administration 
is to increase the supply of medical oxygen 
while reducing cost so that it is accessible 
where it is needed most, free at the point of 
use. This demands increased investment and 
commitment to put oxygen infrastructure at the 
centre of universal health coverage strategies[4].

5. Oxygen Monitoring System: Most of the 
COVID beds in hospitals worldwide faced 
a sudden demand for piped oxygen supply 
forcing hospital administrations to spend more 
to supply copper piped oxygen connected to a 
cylinder bank. The global supply of oxygen is 
in the hands of relatively few corporates[8]. As 
much as 80 percent of the supply is through a 
handful number of suppliers. Due to the panic 
requirement, industrial oxygen cylinders also 
ordered to convert into medical oxygen, and 
orders being placed for more cylinders. The 
situation necessitated more non-budgetary 
spending by hospitals.

Existing Technologies in O2 Generation

• Cryogenic Air Separation Technology

• Pressure Swing Adsorption Technology

Cryogenic Air Separation Technology
Pros Cons

High Tonnage of Oxygen can be produced Large physical footprint*
Most effective when high volumes of oxygen are 
required or high-pressure oxygen is required

Energy consumption of oxygen separation is an 
increasing function of oxygen purity

High Purity Oxygen Long start up and shut down time
Produce high purity of oxygen, the waste nitrogen 
stream is of a usable quality

Involves more moving parts and hence, high 
maintenance costs
High Capital Cost

*Based on 95% O2 purity (and 5 bar pressure) and 225 kWh/tonne of O2 , with a GIF of 0.65 tonnes CO2/
MWh the GHG footprint is 146 kg CO2/tonne of O2 generated
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Pressure Swing Adsorption Technology
Pros Cons

Best suited for processes that do not require 
extremely high purities and for small volume of 
oxygen production

The usability of by-product nitrogen in PSA 
systems is limited because the nitrogen will have 
significant levels of oxygen

Quick installation and start-up (minutes) High maintenance due to the zeolite regeneration
Low to moderate capital cost Limited scalability

Effects of Excess Pure Oxygen
• Our blood has evolved to capture the oxygen we breathe in and bind it safely to the transport molecule 

called haemoglobin. If you breathe air with a much higher than normal O2 concentration, the oxygen 
in the lungs overwhelms the blood’s ability to carry it away.

• The result is that free oxygen binds to the surface proteins of the lungs, interferes with the operation of 
the central nervous system and also attacks the retina.

• Contrary to popular myth, hyperventilating air at ordinary pressures never causes oxygen toxicity (the 
dizziness is due to CO2 levels dropping too low), but breathing oxygen at pressures of 0.5 bar or more 
(roughly two and a half times normal) for more than 16 hours can lead to irreversible lung damage and, 
eventually, death.

• Breathing pure oxygen sets off a series of runaway chemical reactions. That’s when some of that 
oxygen turns into its dangerous, unstable cousin called a “radical”. Oxygen radicals harm the fats, 
protein and DNA in your body. This damages your eyes so one can’t see properly, and your lungs, so 
one can’t breathe normally.

Let’s understand the nomenclature of Oxygen Generation: Taking example of Oxygen plant installed 
at LLR Hospital, Kapurthala

1. Capacity of Oxygen Plant installed at Hospital is 5 Nm3/hr at 3-4 bar

 ≈ 83 lpm of 93-95% pure Oxygen  ≈ 175 scfh of 93-95% pure Oxygen

 ≈ can fill 17 cylinders/ day of 7.0 m3 @ 150 bar

 Capacity of Plant (m3/hr) (A) 5

 Capacity of Plant (24 hours) (B) 120

 Volume of Jumbo type industrial Cylinder (m3) (C) 7

No. of Cylinders which can be filled with per day capacity (B/C) 17.14

2. Industrial Cylinder (D-type or Jumbo Cylinder) of capacity 7.0 m3 @ 150 bar is equivalent to holding 
water capacity of 47 Ltr i.e. the cylinder can hold 47 Ltr LOX.

3. Covid Infected patient requires 5-10 lpm Oxygen at 3-4 bar depending on the level of lung infection. 
Hence, this plant can cater 15-20 bedded Covid-19 facilities considering the flow rate @ 5 lpm 
per patient.

4. Zeolite requires bimonthly top-up of approx. 200g incurring annual expenditure of approx. Rs 3000 @ 
Rs. 2500/Kg
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Location Lala Lajpat Rai Hospital, RCF

DOC 21.06.2021

Cost 22.47 Lacs

IMPORTANT PARAMETERS OF OXYGEN GENERATION PLANT
Technology PSA Technology air cooled
Purity 93±3 % 
Grade Medical (Sterilized Gas from bacteria & Pathogens). 
Hydrocarbon Content Less than 1 PPB as per WHO standards
Capacity 5 Nm3/hr ~ 83 lpm at 3-4 Bar (equivalent to filling capacity of  

17 cylinders/ day of 7.0 m3 @ 150 bar)
Power consumption 7.5-10.5 KWH @ 415V 3 Phase 50 Hz
Make & Type of Compressor Comp Air(Gardner Denver) make, screw type

Capacity:  1.14 m3/min., 11.0 KW
Temperature of product Gas 22-25 °C
MOC Mild Steel, Stainless Steel, Brass
Painting Primer & Epoxy Painted
Start up time 15-20 minutes 
Covered Area 600 Sq. feet

INTRODUCTION (in brief)
The Oxygen Generator installed at Lala Lajpat Rai 
Hospital at Rail Coach Factory, Kapurthala (first 
of its kind and most economical facility installed 
anywhere in Indian railways and has been 
procured, installed and commissioned in record 
time of 45 days only) makes use of Pressure Swing 
Adsorption (PSA) technology to produce oxygen 
by passing pre-treated compressed air through a 
vessel containing a zeolite adsorbent (molecular 
sieves - MS). The PSA process is inherently a batch 
process, as the adsorbent bed requires periodic 
desorption. In order to secure steady flow, the PSA 
Oxygen Generator systems contain two adsorbent 
vessels to provide operational continuity. One 
vessel is active while the other one is inactive. 

At the end of each cycle they switch roles.

The active vessel is pressurized, and pre-treated 
compressed air enters the active vessel and follows 
up through the MS. Nitrogen molecules are being 
adsorbed while the oxygen molecules pass through.
When the adsorbing vessel approaches saturation, 
the regenerated vessel is partly re-pressurized with 
the compressed air from the adsorbing vessel. This 
is called the equalization step, and is intended 
to reduce compressed air consumption. When 
pressure from the saturated vessel is released, the 
regeneration process starts. At the same time the 
regenerated vessel is further pressurized up to 
working pressure with the compressed air from the 
inlet. The cycle starts over again.
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Process Description:
The production of gases with aid of adsorption 
technology is based on capability of porous 
adsorption agents to bind gases individual 
constituents of gas mixture are adsorbed to 
differing degrees on very large surfaces of the 
adsorbent agents. This effect is used within a 
PSA to continuously separate out one constituent. 
Zeolite Sieves are used as adsorption agents when 
producing oxygen from the air by adsorptive means 
they adsorb nitrogen, water vapor and carbon 
dioxide to a much higher degree than oxygen this 
means that a product flow comprising essentially 
only Oxygen and Argon can be removed from the 
process air being passed through the adsorption 
bed.

Compressed air from Air compressor is taken to 
an Activated Carbon Filter and a Micron filter for 
removal of any floating contaminations and even 
small traces of oil. The cleaned air is stored in an 
Air reservoir after air cooler. The free moisture gets 
separated in this tank and is removed periodically 
by using an Auto Drain Valve. This Valve opens 
at a regular interval for draining the condensed 
moisture.

Air from Reservoir is taken to composite bed twin 
tower PSA unit containing Zeolite Molecular sieves 
which adsorbs moisture, nitrogen, CO2 and thus 
oxygen gas comes out as product gas. At a time one 
tower is under adsorption producing oxygen while 
other is under regeneration at atmospheric pressure.

For the automatic changeover of towers, a suitable 
sequence programmer (PLC based) is provided. 
This oxygen gas comes out of PSA unit at a pressure 
of 3-4 bar and contains around 5-8 % Nitrogen and 
other gases and is stored in Oxygen Storage tank.

A Medical Grade Bacteria Filter is also provided 
at the outlet of the plant, so that all impurities are 
removed prior to human Consumption.

The oxygen generation plant comprises 
following internal systems:
1. Air Circuit:

• An inlet pressure regulator to set the inlet 
pressure to a maximum of 7 bar.

• 2 Pneumatic actuated inlet valves to guide 
the air to one of the adsorber vessels.

• 2 Pneumatic actuated exhaust valves, one for 
each adsorber vessel, to release the pressure 
in the vessel and start the regeneration 
sequence. The exhaust valves alternate 
every half cycle.

• An air silencer is connected to the exhaust 
valves, and reduces the noise level upto 
max. of 85 dB during exhaust / regeneration.

• A Pneumatic actuated equalization valve 
to bring both adsorber vessels to the same 
pressure.

• 2 Adsorber vessels, filled with Zeolite 
Molecular Sieves (ZMS), to absorb the 
nitrogen molecules from the inlet air, while 
oxygen molecules can pass.

• A pressure relief valve on each adsorber 
vessel.

2. Oxygen Circuit:
• A Pneumatic actuated equalization valve 

to bring both adsorber vessels to the same 
pressure.

• A purge nozzle that allows a small portion 
of oxygen flow into the depressurized vessel 
for regeneration purposes.

• 2 Non-return valves at the outlet of each 
tower to avoid back flow from the outlet of 
the generator.

• Oxygen feedback line from the oxygen 
storage vessel to the oxygen purity and flow 
sensors of the generator.

3. Gauges and Instrumentation:
• Pressure gauge on Oxygen Storage Tank

• Oxygen storage vessel pressure transmitter

• Online Oxygen purity sensor in Oxygen 
storage vessel

4. The oxygen generator system is equipped with 
an advance control unit having user friendly 
interface, which is easy to use with a 3.5” high 
definition color display with pictograms and 
LED indicators for key events. The touchpad is 
durable enough to resist tough treatment. The 
system has comprehensive maintenance display 
having Process illustration feature with valve 
cycle indication, graph showing pressure and 
current operation values.
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DETAILS OF MAJOR COMPONENTS OF OXYGEN PLANT
S.No. Description Make

1. Air Compressor, Air Dryer & Air Filters

CompAir (Gardner Denver)
2. Air Dryer
3. Air Filters
4. Air Receiver Tank
5. Trace Oil Particle Filter and Moisture Filter Spin AQM Technologies
6. Absorbing Towers

OEM make
7. Oxygen Storage Tank
8. Flue Gas Vent Silencer In-house manufactured
9. Absorbing Molecular Sieves UOP Honeywell, USA
10. Pressure Sensors WIKA, Germany 
11. Analog/Digital Pressure Gauges WIKA, Germany
12. Automation & Check Valves SMC, Japan
13. HMI Screen, PLC Panel with Drives, Relays etc. Siemens, Germany
14. Oxygen Purity Analyzer Envitech, Germany

Features:
1. Cost Saving of up-to 80% from Liquid/Cylinder 

supply.
2. Dependable Highest Reliability with Energy 

Efficiency.
3. Compact design with Easy and Simple controls
4. Automatic operation-one touch start up and 

shut down.
5. Easily Partial Load Operation in variable 

Demand Flows.
6. Touch screen Control Panel.
7. Easy to maintain with Continuously monitored 

Purity & Flow.
8. Option to upgrade current system into a cylinder 

filling facility.
9. Critical process parameters monitored and 

recorded every 500 milliseconds.
10. The system can 24X7 cater 18-20 bedded 

facility in the hospital.
Advantages:
1. Lowering Hospital Operating Cost- The 

plant eliminates the Expense of Purchasing, 
Receiving and monitoring your hospital’s / 
Clinic’s Oxygen supply. Generators are Fully 
Automatic PLC Controlled, Easy to Maintain 
and produce a continuous flow of medical 
grade Oxygen. In any case of emergency, PLC 
Control automatically activates programmed 

Backup System for un-interrupted Oxygen 
supply 24X7.

2. Safe for Patients- Bypassing O2 of purity 
less than 90% to atmosphere and also signal 
to Operator through Electronic Buzzer when 
pressure and purity not achieved as per input 
parameters.

3. Automatic Switchover Feature- The plant is 
directly connected to the hospital pipeline. In 
case of any power failure or breakdown in the 
plant, it will automatically switch over to the 
manifold system presently used for oxygen 
supply with the help of 02 nos. pneumatically 
actuated valves for uninterrupted Oxygen 
supply.

4. Half the Trouble of LOX Tanks and Cylinder 
System-This plant eliminates the danger, 
Experience and Logistical problems of Liquid 
Oxygen Cryogenic Tanks and Gaseous Oxygen 
Cylinders deliveries, this Oxygen Generator 
System ensures that you pay role only for the 
quantity and purity of oxygen that Hospital 
actually needs. PSA oxygen contains just 
argon and nitrogen gases that confirms to all 
international Medical Standards like United 
States, Indian and European Pharmacopeia. 
Oxygen Generator is equipped with 3.5" Touch 
screen for Control and Monitoring of whole 
System with data logging capability. Monitoring 
Values Include- Oxygen Purity, Pressure, 
Ethernet Connection with remote control.
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5. 93% Oxygen Safe for Medical use- ‘Oxygen 
93%’ contains not less than 90% or not more 
than 96% by volume, of Oxygen, the remainder 
consisting mostly of argon and nitrogen. 
Meets the requirement of identification, Odor, 
CO not more than 0.03%, and CO not more 
than 0.001% in gas’. This Oxygen Generator 
System is fabricated in accordance with all 
relevant codes Like ASME, ANSI, NEMA, CE 
Standards, Medical Oxygen Generators are built 
to confirm to the United States Pharmacopeia 
(USP) Oxygen 93% Monograph and also 
confirms to ISO-10083.

6. Economical- Eliminates the unnecessary Cost 
of Transportation, Storage and heavy Cylinders 
Rentals with a modest capital Investment in 
Oxygen Generation System, which can result 
up-to an 80% Reduction in Facility’s cost of 
Oxygen, the System Average only 1.0 KW per 
Nm3 of Oxygen Produced.

Challenges taken in hand:
1. Time-bound Procurement, Installation and 

Commissioning of Oxygen Plant:
 This exploratory task was initiated by the Plant 

Department of RCF, taking it as a challenge 
for the social cause. Totally, new to their 

field of work, team from Plant Department 
narrowed down the actual oxygen requirement 
at Lala Lajpat Rai Hospital, Kapurthala and 
then explored various options and sought 
innumerable proposals from different suppliers 
submitting worrisome timelines for delivery 
(O2 scarcity was already at its peak). The 
challenge to get the task done within 2 months 
was another milestone to achieve considering 
the rising COVID-19 cases and death toll each 
day, result of the efforts, the plant was procured, 
installed and commissioned within 45 days 
from the placement of the Order.

2. Developing Automatic Switchover Facility 
for Existing Manifold System:

 Another task taken in hand was to develop an 
automatic switchover facility so that in case of 
any power failure or breakdown in the plant, it 
shall automatically switch over to the manifold 
system presently used for oxygen supply in 
the Hospital premises for uninterrupted and 
pure Oxygen supply. The same was achieved 
by designing a pneumatic circuit consisting of 
02 nos. SMC pneumatically actuated valves 
interconnected to Oxygen Plant and earlier 
installed manifold system.

3. In-house manufacturing of cost effective Silencer to resolve issues of Local residents:
 Material of Silencer PVC

 Packing Material (Outer) Recron (Hard) used in Seats (Breathable)

 Packing Material (inner) Recron (Soft) used in Seats (Breathable)

 To resolve the noise issues raised by the local residents, an economical silencer was manufactured in-
house with PVC pipe by perforating 5mm holes in it and using recron foam as the breathable packing 
material, considerably reducing the noise from 90-95 dB to 80-85 dB.
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CONCLUSION:
Covid-19 increased the problems to heart patient 
that related with the many other factors. On the 
other hand, all the infected people may cured by 
sufficient facilities. In these facilities, oxygen is 
a technology-dependent medicine and requires 
effective teamwork between healthcare workers, 
technicians, and managers. Improving oxygen 
systems is an achievable priority for hospitals This 
article enlightens how the under the vision of their 
General Manager, Rail Coach Factory, Kapurthala 
being a Production Unit managed to Study, Propose, 
Procure, Install and fully commission the first of its 
kind, very economical 83 lpm, PSA based oxygen 
generation Plant at Lala Lajpat rai Hospital, that too 
in record time of only 45 days from date of placing 
the order. Other Railway Hospital administration 
and policymakers can derive learnings from this 
article to understand need of the hour and prioritize 
the requirements on need to need basis.
The COVID-19 pandemic offers the opportunity to 
refocus efforts on the basics of acute care, knowing 
that improvements in oxygen (and infection 
control, triage, laboratory testing, amongst others) 
will benefit patients both now and in the future.
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STUDY ON FUEL CELL TECHNOLOGY AND FUEL CELL POWERED 
HYBRID LOCOMOTIVE

Nagesh
Junior Engineer/Electrical/HQ/Mysore

Mysore Division
South Western Railway (SWR)

Abstract: Our way-of-life depends on effective transportation: commuting to the work place, travel for 
business, and cargo shipments around the globe are natural to many of us. Railways are an integral part of 
the transportation system, enabling the effective and efficient movement.

Air pollution is a major risk factor for environment and public health. Railways have percentage share of 
approx. 3% of total HSD consumption in India. At a global level, the energy required for railway traction 
is predominantly provided by diesel, followed by a 30 % share of electricity. Uncertainty about economical 
diesel supply, and environmental as well as public health concerns about exhaust gases, has promoted 
the exploration of alternatives. Hydrogen as a secondary energy, like electricity, can be produced from 
various feedstocks, including fossil fuels, nuclear power, and renewables. Thus, a reduction or elimination 
of greenhouse gas emissions is possible.

This paper seeks to introduce the Fuel cell technology, Hydrogen powered fuel cells, layout of fuel cell 
powered hybrid locomotive, Hydrogen production also about how economically viable are fuel cell 
locomotives and their impact on the environment.

साराशं : हमाि ेजीवन का तिीका प्रभावी परिवहन पि त्नभ्टि किता है । काय्टस्ल पि आना, वयापाि के त्लए यात्ा किना, औि दतु्नयाभि 
में कागगोत्शपमे्ं  हममें से कई लोगों के त्लए सवाभात्वक ह।ै िलेवे प्रभावी औि कुशल आवाजाही को सषिम किते हुए परिवहन प्रणाली का एक 
अत्भनन अगं है।

वाय ुप्रदूषण पया्टविण औि साव्टजत्नक सवास्थय के त्लए एक प्रमखु जोत्खमकािक है । िलेवे का लगभग प्र त्तशत त्हससा है। भाित में कुल 
एचएसिी खपत का 3%। वैत्विकसति पि, िलेवे कष्टण के त्लए आवशयक ऊजा्ट मखुयरूप से िीजल द्ािा प्रदान की जाती है, इसके बाद 
त्बजली का  30% त्हससा होता है। त्कफायती िीजल आपूत्त्ट के बाि ेमें अत्नत्चितता,  औि पया्टविण के सा्-सा् त्नकास गैसों के बाि े
में साव्टजत्नक सवास्थय सबंधंी त्चतंाओ ंने त्वकलपों की खोज को बढ़ावा त्दया है। एक माधयत्मक ऊजा्ट के रूप में हाइड्ोजन,  त्बजली की 
तिह, त्वत्भनन फीि स्ॉकस से उतपात्दत त्कया जा सकता है,  त्जसमें जीवाशम ईधंन, पिमाण ुऊजा्ट औि नवीकिणीय ऊजा्ट शात्मल हैं। 
इसप्रकाि , ग्ीन हाउस गैस उतसज्टन में कमी या उनमूलन सभंव है।

यह पेपि फयूल सेल ्ेकनोलॉजी,  हाइड्ोजन पावि्ट फयूल सेल,  फयूल सेल पावि्ट हाइत्रिि लोकोमोत््व का ले आउ्, हाइड्ोजन 
प्रोिकशन को भी पेश किना चाहता है त्क फयूल सेल लोकोमोत््व त्कतने आत् ््टक रूप से वयवहाय्ट हैं औि पया्टविण पि उनका प्रभाव है।
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Introduction
Hydrogen is the most abundant substance in 
the universe. Perhaps due to this abundance, we 
sometimes forget how useful hydrogen is. From 
being used in the very first internal combustion 
engines as an inflammable fuel, to powering flight 
by airships, hydrogen has once again taken centre 
stage in mankind’s quest for energy sources, in 
the form of fuel cell application for traction of 
locomotives.

Even alternative options for railway traction are 
required due to: (a) the need to decrease emissions 
(b) concerns about diesel fuel supply, both fuel cost 
as well as security of supply (c) economic concerns 
about electrification, particularly for relatively low 
traffic density lines (d) the need to avoid the visual 
impact of electrification in certain cases.

Railways are considered more energy efficient and 
less polluting than road transport for long-range 
trips and they also use less land while carrying 
more people and goods. Still, emissions reduction 
from improvement in the rail sector has potential to 
reduce carbon foot print.

The use of hydrogen as an alternative rail fuel brings 
many potential benefits, the most noticeable being 
that it is a clean energy source that supports zero-
carbon strategies. Hydrogen fuel cell technology 
also provides a more powerful and efficient energy 
output compared to fossil fuels.

This study is an attempt to create awareness of the 
technology that is recently becoming popular and is 
readily acceptable in the market or industry.

Fuel Cell Technology
What are Fuel cells?
Broadly speaking, a fuel cell is an electrochemical 
reactor that converts the chemical energy of a fuel 
and an oxidant directly to electricity, the word fuel 
cell has been used almost exclusively to describe 
such a reactor using hydrogen as the primary source 
of energy.

In fuel cell, hydrogen is a carrier of energy, 
by reacting with oxygen to form electricity. 
The reaction between hydrogen and oxygen is 
astoundingly simple, and can be represented by the 
following formula.

2H2 +O2 =2H2 O

In a fuel cell, hydrogen and oxygen are introduced 
separately with hydrogen supplied to one electrode 
of the fuel cell and oxygen to the other . The two 
electrodes are separated by a material called the 
electrolyte, which acts as a filter to both stop the 
cell reactants mixing directly with one another and 

to control how the charged ions created during 
the partial cell reactions are allowed to reach each 
other.

Hydrogen molecules first enters the hydrogen 
electrode (called the anode) of the fuel cell (step 
1). The hydrogen molecules then react with the 
catalyst coating the anode, releasing electrons 
to form a positively charged hydrogen ion (step 
2). These ions cross the electrolyte and reach the 
oxygen at the second electrode (called the cathode) 
(step 3). The electrons, however, cannot pass the 
electrolyte. Instead, they flow into an electrical 
circuit, generating the power of the fuel cell system 
(step 4). At the cathode, the catalyst causes the 
hydrogen ions and electrons to bond with oxygen 
from the air to form water vapor, which is the only 
byproduct of the process (step 5).

Categorization of Fuel Cells
Fuel cells are typically categorized by the type 
of electrolyte used. Typical types of fuel cells 
electrolytes include Proton Exchange Membrane 
(“PEM”), Alkaline fuel cell (“AFC”), Phosphoric 
Acid Fuel cell (“PAFC”), Solid Oxide Fuel 
Cells (“SOFC”) and Molten Carbonate Fuel cell 
(“MCFC”). Figure 2 below shows a high-level 
comparison of the different technologies, without 
diving into too much technical detail of how 
each technology works. Of these, PEM is the 
most commercialized type today, due to its low 
operating temperature (50-100°C), short start time 
and ease of use of its oxidant (atmospheric air) . 
These characteristics make PEM ideal for mobility 
solutions, and is part of the reason for the rapid 
development of Fuel cells starting from the 1990s.
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Fuel cell stack components and typical 
materials

How Do Hydrogen Trains Work?
Hydrail uses a hybrid configuration of hydrogen 
fuel cells, batteries and electric traction motors. The 
fuel source is hydrogen. The fuel cells convert the 
hydrogen into electricity, which feeds the batteries 
to provide a stable power source for the traction 
motors. The train’s brakes recharge the batteries, 
which store any excess energy for later use, and 
further contribute to fuel efficiency.
System layout of the fuel cell hybrid 
locomotive including 250 kW net fuel 
cell power  plant, DC-to-DC converter, 
hydrogen storage, and control interface

Integration of the complete fuel cell system in the 
locomotive is shown in Fig. The rear compartment 
houses the fuel cell power plant along with our 
cooling systems and power converter.
Fourteen carbon-fibre composite tanks, located 
above the battery which stores a total of 70 kg 
of hydrogen at 350 bar. Both the fuel cell power 
converter and the traction battery supply power to a 
single high-voltage bus that then distributes power 
to the existing locomotive systems as well as the 
600 VDC traction motors.
The end product will consist of five bolt-in 
modules: the fuel cell power plant, DC/DC power 
converter, cooling module, and two hydrogen 
storage modules.

The largest of the fuel cell system modules are 
the hydrogen storage modules. Each module 
consists of seven carbon fiber/aluminium cylinders 
that collectively store approximately 35 kg of 
compressed hydrogen.
The fuel cell power plant, power converter, and 
cooling module are housed in the rear compartment. 
Already housed in the rear compartment are the 
locomotive air compressor, which is used for 
brakes and various other locomotive systems, and 
a blower motor that provides cooling to the rear 
traction motors located on the locomotive trucks.
The locomotive’s energy and power system consists 
of four major subsystems: power module, hydrogen 
storage, power electronics, and control.
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Power module
The power module, which produces electric 
power from hydrogen and air, Power module itself 
consists of three subsystems: stack modules, air 
delivery, and cooling. The support systems for the 
stacks, such as the air system, water management, 
and cooling system.
Stack modules
At the heart of the power module are two stack 
modules, each stack module is rated at 150 kW 
gross power at 624 VDC, for a total of 300 kW 
gross power at 624 VDC. Each stack module 
includes the auxiliary component for air and 
hydrogen humidification, water recovery, hydrogen 
recirculation and hydrogen purage. Hydogen is 
supplied to the stack models at nominally 12 bara 
and is pressure regulated and recirculated inside the 
stack module. 
Air Delivery:
The air system operates at a maximum air pressure 
of ~3 bara, with a maximum mass flow of ~300 g/s. 
Three bara air pressure is considered “high pressure” 
for a PEM type fuel cell system. To attain the 3-bara 
operating pressure, the air system utilizes two-
stage compression. The first stage employs a 55-
kW electric motor (360 VDC) driving a twin screw 
type compressor, which provides compression up 
to approximately a 2.7 pressure ratio. The second 
stage is a variable vane turbo compressor that is 
driven only by exhaust air.
The air system also incorporates a liquid-to-air 
intercooler between compression stages, inlet 
filtering before compressor, inlet filtering before 

fuel cell stack, and silencers on both intake and 
exhaust to manage high noise levels intrinsic to 
screw type compressors.
Cooling
Cooling for the power module is achieved with 
two separate cooling loops. The primary cooling 
loop provides heat rejection for the fuel cell stack 
and intercooler. Additionally, the primary loop 
maintains de-ionization of the 50/50 de-ionized 
water ethylene glycol coolant through use of a 
mixed bed ion exchange resin. Because overall fuel 
cell power plant operating efficiency is on the order 
of 50%, a heat rejection rate of approximately 300 
kW must be provided, mostly by the radiators. A 7 
kW induction motor (230 VAC) drives a centrifugal 
pump to provide coolant flow of up to 675 L/min. 
The pump utilizes closed loop control to maintain 
a specified difference between the temperatures of 
the inlet and outlet stack coolant.
Hydrogen Storage
Hydrogen fuel storage uses readily available 
hardware and proven safety design measures. 
Two modules are mounted above the traction 
battery each consisting of seven carbon fiber/
aluminium tanks, measuring 416 mm diameter x 
2100mm length, with a combined storage of 70 kg 
compressed hydrogen at 350 bar (5100 psi).
Power Electronics
In order to effectively use the fuel cell as the prime 
mover and a battery charging source, the power 
must be delivered to the locomotive high-voltage 
bus at the correct power and voltage levels. To 
do this, a DC/DC boost/buck converter is placed 
between fuel cell output power and the locomotive 
high-voltage bus.
The fuel cell stacks nominally operate at 600 VDC. 
In addition to supplying power to the locomotive 
through the DC/DC converter. In this locomotive 
application, the fuel cell power plant uses 600 VDC, 
360 VDC, 24 VDC, 12 VDC, and 5 VDC, as well 
as inverters to provide 230 VAC for both primary 
coolant pump motor and radiator fan motors. The 
600-V bus feeds the traction drive and battery 
charging, the 360-V bus supplies power for the 
air compressor motor and inverters, and the 12-V 
and 24-V buses provide power to valves, actuators, 
control systems, and sensors.
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Control
The operation of all fuel cell subsystems must be 
monitored and coordinated by a central control 
system, which consists of instrumentation, actuators, 
motor controllers, and a programmable automation 
controller (PAC). Several challenges arose when 
designing the control system for the fuel cell power 
plant; these include the dependence of vehicle 
safety on the control system, the sheer number of 
sensors, controllers, actuators, harsh environmental 
conditions the control system will be subjected to, 
and the need for low power consumption. These 
challenges mandated the following requirements 
for the PAC, which must (1) be reliable in high 
vibration and shock situations, (2) operate under 
a wide temperature range, (3) provide for a large 
variety of signal conditioning options and actuation, 
(4) be expandable, and (5) provide for tight control 
of system operating parameters.
Hydrogen Production
Hydrogen is an abundant element on Earth 
and primarily occurs as a component of other 
substances, for example, water and hydrocarbons 
such as oil and coal, but rarely on its own as H2 
Therefore, it is necessary to invest energy to free 
the element from the compound, and thus, hydrogen 
is an energy carrier, like electricity, rather than an 
energy source. In hydrogen production the energy 
source is often described as feedstock; some feed 
stocks and processes are shown in figure, the figure 
does not show all options but only a selection of 
feed stocks to illustrate the variety of H2 production 
possibilities.

Hydrogen a Suitable Energy Carrier for 
Autonomous Railway Traction
To demonstrate that the statement is true, the 
hypothesis is split into the following elements:
1. Hydrogen production is not dependent on 

a single primary energy source, especially 
petroleum.

2. A reduction of overall greenhouse gas emissions 
compared to diesel traction is achieved, in 
addition to the avoidance of emissions at the 
point-of-use.

3. Hydrogen-powered systems are technically 
suitable for and can be implemented in railway 
traction vehicles.

4. The performance of such a vehicle is satisfactory 
for the provision of railway services, and the 
hydrogen fuel cell system achieves satisfactory 
duty-cycle efficiencies.

5. A hydrogen-based system can operate a 
service with similar performance as existing 
diesel vehicles, while a reduction of energy 
consumption and emissions is achieved. And 
the necessary drive-system components can 
be accommodated within the space available 
on the train, while not exceeding permissible 
vehicle mass restrictions.

Advantages of Fuel Cells
• Fuel cells are low maintenance - there are 

no moving parts and fuel cells have plug-in 
modularity: powerful 200kW units can simply 
be swapped out when required.

• Fuel cells are truly zero emission - unlike, for 
example, LNG. Why convert from diesel to 
another fossil fuel, when it’s possible to achieve 
full decarbonization with hydrogen.

• Hydrogen refueling is quick - a fuel cell electric 
multiple unit passenger train can run for 18+ 
hours after less than 20 minutes of refueling.
Compare that to many hours of downtime to 
recharge a battery-powered electric train.

• Fuel cells’ range is longer - hydrogen fuel cell 
trains have a long range of up to 1000 kilometres 
between refuelling—ten times farther than 
battery-powered electric trains. Centralized 
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hydrogen refuelling stations only need to be 
within 1000 kilometres of each other.

• Fuel cell locomotives can be deployed anywhere 
(with no catenary) - fuel cell locomotives can 
easily take over the service routes of diesel 
locomotives. Their range is comparable 
and there is no need for the costly electrical 
infrastructure of catenary trains.

• Fuel cell power can be retrofitted into existing 
locomotives heavy-duty fuel cell modules are 
available in plug-in 200kW modules that are 
ideal for retrofitting.

Conclusion
Compared with traditional fuel and electric 
locomotives, hydrogen-fuelled hybrid locomotives 
are not only safer and more environmentally 
friendly but also quieter, cheaper and easier to 
maintain. Fuel cell trains will play a key role in the 
transition to a zero emission economy. Hydrogen 
powered trains are poised to disrupt the rail industry 
as a cost-effective, high performing, zero-emission 
alternative to diesel. Hydrogen fuel cell technology 
is an alternative approach to electrifying passenger 
trains using existing rail infrastructure.
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THE SCIENCE OF RESISTANCE SPOT WELDING

Harpreet Singh 
Sr. Section Engineer-MW/CNC-IV
Rail Coach Factory, Kapurthala

Abstract: The article intends to give a basic overview of Resistance spot welding as the process used extensively 
in Rail coach production units of Indian Railways, its principle of working, implementation of the principle in 
Railways, parameters affecting the quality of spot welds, Quality tests and some important points regarding 
maintenance and operation.

साराशं:साराशं: लेख में भाितीय िलेवे की िले कोच उतपादन इकाइयों में वयापक रूप से उपयोग की जाने वाली प्रत्क्रया के रूप में प्रत्तिोध सपॉ् 
वेत्लिंग का एक बतु्नयादी अवलोकन दनेे का इिादा है, इसके काम किने का त्सदांत, िलेवे में त्सदांत का काया्टनवयन, सपॉ् वेलि की 
गणुवत्ा को प्रभात्वत किने वाले पैिामी्ि, गणुवत्ा पिीषिण, औि िखिखाव औि सचंालन के सबंधं में कुछ महतवपूण्ट त्बदं।ु

1.0 INTRODUCTION
For the last half a century, Resistance spot welding 
has beenthe most dominant method of welding 
two metallic sheets reliably and efficiently. The 
Automobile sectors take advantage of its clean, 
energy efficient and time-savingoutput to be able 
to produce such a large number of units every year.
Its high tensile strength welds are the backbone 
of safety of all Rail coaches produced in Indian 
Railways.A typical sidewall of an LHB coach of 
Indian Railways has 3000 to 4000 spot welds. Since 
these welds demand accuracy and are repetitive in 
nature, in the majority of industrial use, spot welding 
is done by Robotic Spot-welding machines.

2.0 PRINCIPLE OF WORKING
As the name suggests the resistance spot welding 
is a process of joining two metal sheets by melting 
them with the help of electric current. As we pass 
electric current through the sheets, the internal 
resistance of the sheets generates copious amounts 
of heat which in turn melts the two metals and joins 
them.

Joule’s law of heating presents us with a quantitative 
view of this heat energy generated as follows:

H = I2RT

Where H = Heat energy,

 I = Electric current passed,

 R = Resistance between the two sheets and

 T = Time for which the current is passed.
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The generated heat energy is directly proportional 
to all the above parameters and related squarely 
with the current passed. Through this principle 
we can calculate the Current and time required to 
generate the heat required to melt the metal whose 
resistance is given.

Since the process depends on resistance of the 
metals, low resistivity metals like copper and 
aluminium are not welded by this method.

This principle is implemented in real-world by 
building control systems around it to weld various 
sheets of metal and metallic alloys.

2.1 Implementation of the Joule’s Heating 
Principle
The industry typically uses a fixture to place the 

two metallic sheets to be welded. A C- shaped 
gun having two copper electrodes perpendicular 
to the sheets is mounted on a robotic assembly. 
The robots having copper electrode moves at the 
predefined spots and presses the sheets with the help 
of the electrodes. Subsequently, Electric current is 
passed through the sheets which produces enough 
heat to melt the metal and thus joins them. After 
a few seconds of holding the sheets together, the 
electrodes release and moves to another predefined 
location to repeat the same process. The current 
system usually preferred is of High current and 
low voltage.The predefined path is programmable 
according to the need and a PLC control system is 
used to take care of it.

Ready for welding Squeeze Time Weld Time Hold Time Weld Nugget formed

2.2 Various Parameters Affecting the Quality of Spot Welds

a) Electrode Force:
 It is the force with which the sheets are held 

together by copper electrodes. The force has 
an inverse relation with the resistance of the 
sheets. As we increase the force, the sheets are 
pressed together more firmly which increases 
the contact area of the sheets and thereby 
reduces resistance between them. Therefore, 
to weld highly pressed sheets, high current is 
required to generate enough heat to melt the 
metals. Further, highly pressed sheets leave a 
deep depression on the weld which degrades 
the aesthetics of the weld. On the other hand, if 
the electrode force is kept too low then molten 
metal gets expunged out of the weld. Both 
of these situations are not desirable and the 
electrode force should be kept in between as to 
avoid both of the above undesirable outcomes.

b) Squeeze Time:
 It is the time interval between the application 

of force by electrode and the application of 

current. It is required to make sure that sheets 
are pressed sufficiently before the current is 
applied.

c) Weld Time:
 Weld time is the amount of time for which 

electric current passes through the sheets. It 
is generally mentioned in duty cycles. A 50Hz 
frequency current has 50 cycles in one second. 
But the current used in spot welding has a 
different frequency from our regular supply. 
Weld time is ‘t’ in Joule’s heat law equation 
and is directly related to the amount of heat 
generated. If the weld time is too small then any 
amount of current will not be able to generate 
enough heat to weld the metallic sheets and if 
the weld time is too large then the metal will 
burn with extra heat and leave a deep depression 
on the surface. Weld time changes with change 
in material and thickness of the material to be 
welded.
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A B C D

Figure: a) Shear test  b) Peel Test    c) Chisel Test    d) Cross Tension test

d) Weld Current:
 Weld Current is the main driver of spot welding. 

It is squarely related to the heat generated 
in Joule’s heat equation. Generally,the Weld 
current in KA is used in spot welding operations. 
Too low current will not be able to generate the 
desired heat to melt the metals and will produce 
spot welds with less strength. Too high current 
will burn the metal leaving undesirable pitting 
and depression on the spots. The heat generated 
by high current will melt and deform the tip of 
the electrodes used to press the sheets. Carbon 
gets deposited on the electrode which produces 
more resistance between the electrode and the 
sheet contact area. This resistance produces 
unwanted heat and further deforms the electrode 
tip. Therefore, a bare minimum current just 
required to melt the metals should be given.

e) Hold Time:
 Hold time is the amount of time required to 

solidify the molten metal. Hold time succeeds 
the Weld time. During the weld time, the current 
passes and melts the metal near the contact area 
between the two sheets, and as the currents stop 
the electrodes keep pressing the two sheets in 
order so as to give time to solidify. Too little 
hold time will give less time to solidify which 
in turn will result in weak welds. Too high hold 
time will transfer the heat generated during the 
weld time to the electrode and will deform the 
electrode tip.

f) Electrode Diameter:
 It is generally agreed that the nugget diameter 

i.e., the diameter of the spot weld should be 
5t2 where t is the thickness of the sheet to be 
welded. The electrode dia should be little more 

than the required nugget dia. Too small electrode 
dia would make the current application at a 
smaller area thereby creating a weak spot weld. 
Although a very large electrode dia would not 
create enough heat to properly melt the sheets.

2.3  Quality of Spot Welds
In Railways, the quality of spot welds is of utmost 
importance as it is the only welds holding a coach 
together. Therefore, various standard quality 
checks are usually performed on the spot welds 
as mentioned in the Indian Standard, American 
Welding society standards, or ISO standards. These 
checks range from visual checks to mechanical 
strength tests are mentioned below.

Some of the recommended tests for qualification of 
a spot-welding procedure by ISO 15614-12:2014.

1. Visual Examination: A closer look at the cracks 
on the spot weld.

2. Shear test: It is done on a shearing machine.

 It gives the tensile strength of the weld and type 
of failure of the weld.

3. Cross Tension Test: Two sheets are welded in 
a cross and then pulled apart. Type of failure is 
noted

4. Hardness Test: This test shows that the hardness 
of the weld is higher than that of the parent 
material.

5. Peel Test: It is done by peeling off one sheet 
from another.

6. Chisel Test: A chisel test is a destructive test 
done by chiselling around the spot weld and 
noting down the failure.
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1. Symmetrical

2. Asymmetrical 

3. Partial

4. Interfacial failure

3.0 IMPORTANT POINTS REGARDING 
  OPERATION AND MAINTENANCE:
I. Thin sheets can be welded by application of a 

single pulse of Electric current but with thicker 
sheets of metals, double or sometimes triple 
pulses of current is required to fuse one metal 
with another. The initial pulse is sometimes 
called a pre-weld which is succeeded by main 
weld and post weld pulse completes the total 
welding process.

II. Alignment of Electrodes is very important 
to get perfectly fused spot welds. Slight mis 
alignment can damage the sheet and shall 
produce a weak weld.

III. The electrodes are made up of a very conductive 
material like copper or aluminium. Since the 
melting temperature of aluminium is lower than 
that of copper, Copper and its alloys are used to 
weld thicker sheets where high temperature is 
required.

IV. Since the heat can damage the electrodes, 
a closed-circuit cooling system is generally 
provided to help cool down the electrodes.

2.4 Different Types of Failures of The Spot 
  Weld:
Various failures arise during the destructive testing 
of the spot welds which can be categorised into Pull 
out Failure and Interfacial failure.

In a pull-out failure, the material of one metal pulls 
out around the circumference of the weld nugget 
leaving a button like structure behind. Whereas in 
an interfacial failure, metal completely pulls out 
including the weld nugget leaving a rough spot 
behind. Symmetrical, asymmetrical and partial are 
subtypes of Pull-out failure.

According to ISO 14273:2000(E)there are below 
types of failure i.e.

V. Different materials and different thicknesses 
of the same material require a different set of 
parameters to spot weld. The parameters need 
to be optimised so as to prolong the life of 
electrodes and produce strong and clean welds.

VI. Surface of the sheets to be welded must be 
clean. Dirt and dust build up scaling on the 
electrode and cause expulsion of materials at 
sheet surface.

VII. Copper is a soft metal and it gets heated up 
during spot welding process. This soft heated 
metal is regularly pressed against a sheet which 
leads to mushrooming of the electrode tips. 
Tips are then dressed or changed as required 
to maintain good standards of spot welds.

4.0 CONCLUSION:
Resistance spot welding is a fast and reliable 
method of joining two metals. The quality and 
aesthetic look of the welds depends mostly on 
the choice of welding parameters and the surface 
of sheets. Therefore, these parameters should be 
carefully optimised so as to get the desired result 
out of a Spot-welding system.
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WORKING AND TROUBLESHOOTING GUIDE OF TRUMPF LASER 
MACHINE

Baldev Raj
Sr. Section Engineer/ELN-I

Rail Coach Factory, Kapurthala

Sanjeev
Sr. Section Engineer/ELN-I

Rail Coach Factory, Kapurthala

Abstract: Below description will give an overview of the possibilities to know the basic concept and working 
of CO

2
 laser machines. The purpose of this guide is to provide some guidance in the troubleshooting of Trumpf 

CO
2 
Laser CNC machine. This guide will not troubleshoot the circuit for you. It will simply present to you the 

possibilities to follow into possible trouble areas.

lkjk'k%lkjk'k% नीचे त्दए गए त्वविण में CO
2
 लेजि मशीनों की मूल अवधािणा औि काय्टप्रणाली को जानने की सभंावनाओ ंका अवलोकन त्दया जाएगा। इस 

गाइि उदे्दशय ट्मपफ CO
2
 लेजि सीएनसी मशीन की समसया त्नवािण में कुछ माग्टदश्टन प्रदान किना है। यह माग्टदत्श्टका आपके त्लए सत्क्ट ् का 

समसया त्नवािण नहीं किगेी। यह केवल आपके त्लए सभंात्वत सकं् षेित्ों में अनसुिण किने की सभंावनाए ंप्रसततु किगेा।

1.0 Introduction to Laser:
The term “Laser” is an American acronym for:

Light

Amplification by

Stimulated

Emission of

Radiation

A laser is a source of radiation that emits 
characteristic electromagnetic radiation between 
the ultraviolet and infrared wavelengths. Not all 
lasers emit radiation within a range that is visible 
to the human eye. Nevertheless, the laser beam is 
mostly referred to as light.

Meaning of TLF laser

TLF stands for Trumpf Laser Frequency excited.

Various kinds of lasers are available, that are 
differentiated by the medium that produces the 
laser beam. The medium amplifies the light of a 
particular wavelength as it passes through it.

TLF=CO2 Laser

The TLF laser is a CO2 laser and belongs to the 
class of the so called gas lasers. The laser radiation 
lies on the 10.6µm wavelength, therefore in the 
distant infrared range.

Principle
Laser radiation is generated in a CO2 laser 
according to the following principle: The laser gas 
is electrically excited through the pump source and 
discharges the absorbed energy in a given direction 
in the form of laser radiation.

2.0 The TLF Laser: Components of 
  Machine and Operation

2.1 Beam Generator:
The laser consists of the beam generator, switch 
cabinet, and cooling unit sub-assemblies.

2.2 Switch Cabinet:
The laser gas mixture flowing through the 
resonator in the beam generator is excited by 
a high-frequency discharge, resulting in the 
emission of laser radiation.
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The laser control systems as well as the control and 
regulation electronics for the radial turbine blower 
(held by magnets) are on one side of the switch 
cabinet.

The RF generator is on the other side. It generates 
the high frequency energy required to operate the 
laser. The auxiliary cabinet for the gas supply is 
on the side of the switch cabinet. It contains the 
vacuum pump and the gas mixer.

Function

1. Generation of laser radiation.

2. Motion Unit:

(a) Moves the Y slide in X direction via adual rack-
and-pinion drive.

(b) Y slide and Z axis: Moves the laser cutting head 
in Y direction, driven by a rack and pinion; 
positioning of the cutting head in Z-direction

(c): Laser cutting head: Laser beam guidance, 
accommodation of the lens and cutting gas 
supply, laser beam focusing.

3. Installation of the central lubrication, pneumatic 
control elements and cutting gas connections and 
preparation of compressed air.

4. Welded steel construction; limits the machining 
range; forms a stable basis for further components.

5. Disposal of slag and small pieces which fall through 
the pallet support.

6. Workpiece support.

7. Central operating position of the machine.

Basic Machine

2.3 Motion Unit:
The motion unit consists of the cross member (= 
X slide) and the Y slide with integrated Z axis. 
The cutting head is mounted on the Z axis. The 
X and the Y slides are moved in linear guides and 
are driven by three-phase current servomotors by 
means of a rack-and-pinion drive. A three-phase 
servomotor also moves the cutting head along the 
Z axis and into its work position.

2.4. Cutting Gas Pressure Control Valve
The cutting gas pressure control valve (proportional 
valve) is on the right next to the Y drive under a 
cover plate and allows the cutting gas pressure to 
be programmed in individual pressure stages of 
0.125bar between 0.3 and maximum 20 bar. Input 
pressures of approximately 27 Bar for nitrogen and 
15 bar for oxygen are required at the instrument 
panel.

2.5 Beam Guide-way
The laser radiation is completely encapsulated 
between the beam generator and the cutting head 
of the basic machine to prevent laser radiation from 
escaping and the fumes from the cutting process 
from entering the beam guide-way. After the 
invisible laser radiation is emitted from the beam 
generator, the beam runs through a mirror telescope 
with a convex and concave deflection mirror. The 
three filter elements ensure that only air which is 
free from oil and dust enters the beam guide-way.

2.6 Cooling Unit:
The cooling unit stabilizes the temperature of the 
system.

2.7 Gas Supply:
The resonator is supplied with the laser gases 
carbon dioxide (CO2), nitrogen (N2) and helium 
(He) from separate gas cylinders or a central gas 
supply and mixed in the gas mixer.
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Beam Trajectory Gas Circulation

2.9 Gas Circulation:
The gas mixture flows radically outwards to the 
corner blocks of the resonator via the radial turbine 
blower (held by magnets).The gas heated by 
the laser process is returned to the radial turbine 
blower via the central blocks. The gas mixture is 
cooled within the gas circuit in the cooling blocks 
arranged in a star shape.

2.10 Cutting Head
The laser cutting head is a central component of 
the system. The main components of the laser 
cutting head are the lens adapter tube with the 
optical components and the cutting head housing 
with cutting nozzle, distance control system and 
adjusting screws. The radiation and the cutting 
gas for machining are directed onto the workpiece 
through the cutting nozzle, which is additionally 
cooled with purified compressed air. The sensor 
system of the distance control system is in the 
cutting head, protected by a cover plate. The 
capacitive distance control system maintains the 
distance between the nozzle and the sheet during 
the cutting procedure. The entire cutting head is 
fastened to the Z axis, which is driven by the Z axis 
motor by means of a toothed belt.

2.11 Pallet Changer
The pallet changing facility allows a pallet to be 
loaded or unloaded while machining a workpiece 
sheet in the basic machine. The pallets are 
exchanged on the TC L 4030 after about 27 s.

Pallet changing sequence

Pallet A is moved into the changer from machine.

The pallet changer performs lifting operations until 
pallet B is at insertion height.

Pallet B is exchanged.

The pallet changer is lowered into loading/
unloading position.

Press the "Acknowledge pallet change" button 
on the control panel after the loading/unloading 
procedure.

The pallet changer moves into changing position.

3.0 Preventive Maintenance
Preventive maintenance (PM) is the regular and 
routine maintenance of equipment and assets in 
order to keep them running and prevent any costly 
unplanned downtime from unexpected equipment 
failure. A successful maintenance strategy requires 
planning and scheduling maintenance of equipment 
before a problem occurs. A good preventive 
maintenance plan also involves keeping records of 
past inspections and the servicing of equipment.

Why is it Important?

Preventive maintenance provides companies with 
several important benefits related to costs, errors, 
and health and safety. These benefits include:

• Improved reliability and life of equipment

2.8 Resonator, beam trajectory
The resonator is folded in squares and distributed 
on two planes.The laser radiation is deflected by 
the deflection mirrors (US1 to US8).The rear mirror 
(RS) reflects the laser radiation completely.

The output mirror (AS), a semi-reflecting mirror, 
only reflects a part of the laser radiation. The other 
part of the laser radiation passes through the output 
mirror and is available for material machining.
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• Fewer costly repairs and downtimes associated 
with unexpected equipment failure

• Fewer errors in operations as a result of 
equipment working incorrectly

• Reduced health and safety risks

Schedule activities should be carried out at proper 
time, even if the permitted no. of operating hours 
has not yet been reached. The person performing 
activities should be aware of the symbols denoted 
on machine and should follow manuals if not 
aware. Some of the common symbols are:

Pictograms

4.0 Troubleshooting: Common Problems
   and their Rectification
4.1 Poor Cutting: Check and verify if:

• Lens is as per requirement

• Material is rust free

• Required gas pressure and material is selected.

• Laser power wattage is ok

• Laser beam is centered to nozzle.

• Adjust beam diameter and telescopic mirrors.

4.2 Pallet Movement Problem: Verify if

• Both the pallets are at its initial position. If not, 
bring these at its home position.

• Pallet drives and motor are working properly.

• Verify if these is no jamming in mechanism.
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• All limit switches are in ok condition.

• Check and alarm and do activity as per 
description.

• Light guards are in working condition.

4.3 Loader not Working: Verify if

• Loader is at its home position

• Pallets are at proper position.

• Suction and Pneumatic units are working

• Boom and pillar motors are working

• Verify if there is no overloading or tripping.

4.4 Machine not Booting: Verify if

• There is no power failure

• No floppy disk in the floppy drive unit

• Hard-disk and connections are in good condition

• No alarm on NCU unit

• Verify if AC unit is working properly. Ensure 
ambient temp below 350C.

• IF problem persists, reload software or replace 
hard-disk.

4.4 Laser Power too Low: Verify

• Gas purity is up-to requirement.

• Do purging and form laser.

• Check RF tube output.

• Verify input voltage

5.0 MAINTENANCE-HV SECTION
5.1 MAINTENANCE PERSONNEL

5.1.1 High potential of danger due to high 
         voltage:

Even though the maintenance work carried out 
here is limited to simple work, it requires well 
trained personnel due to the potential dangers of 
the generators.

5.1.2 Training Requirements of Maintenance
          personnel

The maintenance personnel:

• must be electro-technically trained persons.

• must be able to recognize possible dangers and 
safely carry out the maintenance work described 
here on the basis of their training, experience 
and knowledge of the relevant regulations.

5.1.3 Know the Danger Areas

The high voltages present in the generator are 
absolutely life-threatening and remain in some 
components after switching off the generator.

5.1.4 Ensure Voltage-Free Components

Some parts of the generators retain voltage even 
after switching off the mains switch. Disconnect 
the generator before beginning maintenance work. 
Observe both the appropriate fundamental rules 
concerning working with high voltage systems as 
well as local and working regulations.

5.1.5 Removing Residual Voltages

Residual voltages in the generator After 
disconnecting the generator, residual voltages 
remain, particularly in the high voltage part of the 
power supply that only discharge slowly through 
built-in discharge resistors.

Before removing the covers of high-voltage parts 
(HV power supply unit and RF power amplifier), 
earthing rod supplied with machine only be used to 
discharge the components of the generator cabinet 
to which it is connected. After the front door of the 
generator cabinet has been opened, the earthing rod 
may be lifted from its support.

5.2 MAINTENANCE INTERVALS

Regularly inspect the RF Generator so that it can 
operate for extended periods of time and without 
failures. The maintenance intervals are dependent 
on the average operating time and the corresponding 
environmental conditions. The given maintenance 
intervals are valid for single-shift operation (40-
hour weeks).
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5.3 RECTIFICATION OF FAILURES
5.3.1 FAULT INDICATION

Driver amplifier faults Driver amplifier faults are displayed by means of illuminated LEDs. They are 
located behind the window on the front side of the driver amplifier.

Every single error code displayed starts with a small "o", followed by a five-digit number sequence.
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There should be a laser safety program in place and all staff who must work with or near the laser unit 
should receive:

• Training on proper procedures for the safe use of equipment.

• Instructions about how to keep equipment in good working order.

• Instruction and training to protect patients and clients from exposure.

Education about possible health and safety hazards to all workers
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T1- Main Transformer 3 phase

U1: Three phase bridge rectifier having 
6 high voltage si-rectifier modules si-
a8000/3600-1.8

C1,C2,C4: Capacitors of different values

R1,R4: Resistors

L1: Inductance coil

A vacuum tube consists of cathode (also 
called as filament), anode (also called 
as plate), and electrode (also called as 
grid). Cathode is an electron emitter that 
emits the free electrons whereas anode 
is an electron collector that collects the 
free electrons. Grid or electrode controls 
the electric current or flow of electrons 
between anode and cathode. The free 
electrons that are emitted by the cathode 
are attracted towards the anode or plate. 
These free electrons carry the electric 
current while moving from cathode to 
anode.

V1: Water Cooled Vacuum Tube
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