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LETTERS TO THE EDITOR

1. Thank you for forwarding me the Platinum edition of the Journal of Marine Engineering ‘The Prime Mover’.
2. My best compliments to the editorial team and all those who contributed in compiling this fine journal with a focus on ‘Indigenisation’. The theme of this issue ‘Indigenous Capabilities for Main Propulsion System Onboard Ships’ is indeed contemporary and relevant and will surely inspire the readers to strive towards enhancing their technical acumen and professional expertise.
3. I take this opportunity to wish you a successful tenure at the helm of this fine establishment.  
Admiral Sunil Lanba, PVSM, AVSM, ADC

Chief of the Naval Staff

Integrated Headquarters

Ministry of Defence (Navy)

New Delhi 110011

****

1. Refer to letter no. DO: 242/KPA dated 19 Feb 18.

2. I am delighted to receive a copy of Platinum Edition of Marine Engineering Journal, ‘The Prime Mover’ through the letter ibid. Indigenous capabilities of main propulsion systems are well presented in the edition.

3. Convey my Shabash to all the contributors and editors of the journal.

Rear Admiral AS Sethi, VSM

Director General

Weapons and Electronics Systems

Engineering Establishment (WESEE)

West Block-5, Wing-5, Ground Floor,

RK Puram, New Delhi 110066
****

1. Thank you for forwarding the Platinum Edition of Journal of Marine Engineering.

2. JME is one of the well-established Journals in the Navy and is renowned for its high quality of articles of direct relevance to the Indian Navy. ‘Vol 75’ continues in the footsteps of its earlier editions and makes very interesting and informative reading. Indian Navy has been the leader in pursuing indigenization amongst the Defence Forces and, therefore, the focus of the Journal on indigenous capabilities for Main Propulsion System onboard ships is very apt. Within this, the emphasis on fully integrated propulsion is probably a sign of times to come for propulsion on future ships.

3. I take this opportunity to congratulate the editorial team and you for the commendable effort put in. Please convey my best wishes to all personnel and their families at Shivaji.

Rear Admiral Sreekumar Nair, NM

Asst. Chief of Materiel (IT & Systems)

Room No. 417, D-II Wing

IHQ MoD(N)

Sena Bhawan

New Delhi 110011
FROM THE CHIEF EDITOR’S DESK
1. It is an honour and privilege to publish the 76th edition of the Journal of Marine Engineering.      

2. Modern day control engineering has evolved rapidly with the extensive use of micro-controllers and embedded systems in almost every field. An area that has been traditionally earmarked for electrical/ electronic engineers is now multi-disciplinary, integrating various aspects of analog & digital electronics, communication and computing. Not surprising then, that we have witnessed a transition over the past 10 years or so, from mechanical/ electro mechanical to mechatronics based systems, with proliferation of basic and advanced control systems in almost all engineering equipment fitted onboard. Higher accuracy and increased reliability have been the drivers of this revolution.
3. The theme of this edition of JME ‘Proliferation of Automation and Embedded Systems in Engineering Equipment of Ships – Implications and Challenges’ is hence apposite and very relevant with a top-driven increased impetus on induction of sophisticated ‘Platform Management Systems’ that integrate multiple micro-controllers and embedded systems controlling the main and auxiliary engineering equipment. Maintenance and upgrade of such systems through their life cycle is a challenge that young engineers today have to face, a spin-off for the accuracy, precision and comfort that such systems offer. The response from the field to the call of papers on this subject vis-à-vis the general marine engine subjects has been slightly lukewarm given the short time. Notwithstanding, the papers received are rich in content and delve on life cycle maintenance of embedded systems, including security and core process resilience. Another paper brings out the salient features of a ‘Fault Tolerant Control System’. The editorial team also found it difficult to select papers and articles from the sizeable contributions received from Engineer Officers serving onboard ships and various shore establishments. 

4. With this overwhelming response to this edition of the Journal of Marine Engineering, I thank the authors for drafting articles of such high standard. I also request our readers to forward their contributions in the form of articles, anecdotes and experiences for the upcoming editions of JME. I also thank everyone involved for making this edition a success.
(AK Chakrabarti)

Captain

Chief Editor
LIFECYCLE MAINTENANCE AND SAFEGUARDING MACHINERY CONTROL SYSTEMS

Capt Lavneesh Dhawan

1. Background.   IN is transforming from Platform Centric Operations to adapting Network Centric Operations with state of the art inductions of Embedded System for remotely operating system of systems onboard. This growing change necessitates that we lay down a Framework that secures these Systems from ‘’Womb to Tomb’’. Towards, that, there is a need to adopt to “Core Process Resilience” which refers to holistic, comprehensive strategy that incorporates all of the key risk areas to be mitigated, as opposed to narrower approaches for Life Cycle Management. 

2. Aim.   The paper outlines a practical framework for raising the security intelligence capabilities of our organization’s defenses- a Cycle of Planning, Collection, Analysis, Dissemination, and Adaptation. It describes how an intelligence source with global visibility and reach is essential to an effective program for maintenance and upgradation of the Machinery Control Systems that are being procured from around the world. In the concluding phase, way ahead through adoption of Core Process Resilience as well as formulation of Embedded Systems Security and Maintenance (ESSM Framework) for securing these System from Womb to Tomb has been recommended.

Security of Machinery Control Systems

3. Why.   With the transformation of IN from Buyer’s Navy to Builder’s Navy and induction of plethora of state of the art Systems, there is a need to safeguard these Systems from the changing and growing Vulnerabilities/ Cyber Attacks. In today’s world, the threat environment is changing constantly, with the volume and sophistication of advanced threats, focused on public and private organizations, growing at an alarming rate by state sponsored actors and Hackers. This is primarily because perimeter defenses can’t place threats in context and need time and processor power to analyze them, they are ill equipped to counteract fast-moving, unique threats. Organizations therefore need a complete security framework which can ensure that Systems are secure and will function as per requirement laid down during Life Cycle. It should also ensure that the Systems Integrity is not compromised at any time. Hence, there is a  requirement for laying down an Embedded Systems Security and Maintenance (ESSM Framework) for securing these system from Womb to Tomb in view of the issues highlighted below:-

(a)
Increasing Complexity of Military Systems. The software in the military system is used to process sensor data, identify friend and foe, set targets, issue alerts, coordinate actions, and guide decisions for manned and unmanned combat vehicles on land, sea, and in the air. For example, observers estimate that at least 31 million lines of computer code will be required to operate the Army Future Combat System
. Also, many military combat systems which now operate as stand-alone equipment will eventually be tied into network systems
. However, as complexity grows, components of networked systems may sometimes process information received from other systems whose capabilities, intentions, and trustworthiness are not always known
. Most systems of systems use their component systems in ways that were neither intended nor anticipated. Hence, assumptions that were reasonable and appropriate for individual component systems become sources of errors and malfunction within systems of systems. As a result, the individual systems and the system of systems as a whole -- acquire vulnerabilities that can be triggered accidentally by normal actions of users and automated components, or exploited consciously by intelligent adversaries.

(b)
Vulnerabilities of Military Software and Data. Military computers are continuously threatened by attack from hackers, or others with malicious intent. One example of a hacker attack is the British programmer, Gary McKinnon, who reportedly used commercially-available off-the-shelf software in several attacks through the Internet to successfully penetrate hundreds of military computers, causing measurable damage, and forcing portions of several military network to shut down temporarily
. Also, in Afghanistan, stolen military portable computer drives, some containing classified data and software, were recently discovered for sale in the streets, in public markets, and in local shops
.

(c)
Threats.  Threats are also changing in terms of the tools employed. Today, state-of-the-art technology is driven increasingly by commercial imperatives. Many new weapons increasingly employ commercial-off-the-shelf (COTS) technology and "open" architectures. Advanced technology tools with military applications, such as secure communications, global positioning data, high-resolution earth observation satellites, and computing technology, are proliferating such that a future adversary may possess presently-inaccessible capabilities
. The challenge will be one of financial affordability rather than effective access denial
.
4. The threats to the machinery control systems are evolving as new entrants adopt cyber warfare and cybercrime and established attackers select new targets of opportunity or adapt their methods to new defenses
. The most recent round of threat adaptations has dramatically expanded the range of targets and attackers’ goals to justify their assaults. Many of these new attacks are sudden, unique, and refined, negating the effectiveness of enterprise defenses regardless of their sophistication and past success.

5. The complexity, speed, and concentration of these new attacks demand that enterprises expand and integrate their defenses by adding intelligence about actors, not just acts, so they can defend their financial integrity, intellectual property, and the confidential information entrusted to them by their customers
. 
6. Technology for Securing Machinery Control Systems.  Core Process Resilience integrates both risk management and information security including data integrity needs to include IT recovery, availability and process continuity programs, and security and privacy initiatives in order to rapidly adapt to risks and opportunities thereby ensuring resilient operations. Securing the Embedded Systems requires a holistic approach that addresses Womb to Tomb issues.
7. The new threat environment outlines significant changes taking place in the global threat environment, including
:-

(a) High-profile attacks. The year 2010 saw high-profile cyber-attacks on the intellectual property of Google China, including e-mail accounts of human rights activists (Hydraq or Operation Aurora) and on industrial control systems such as those used in the Iranian nuclear program (Stuxnet). 

(b) Tighter Focus. Even less prominent organizations are more precisely targeted than ever: Seventy-five percent of malcode variants analyzed by Symantec attacked 50 or fewer targets, and criminal gangs are now using Zeus and other crime-ware kits to launch custom attacks against banks, credit card processors, money transfer networks, and other financial targets. 

(c) Greater Complexity.  Stuxnet exploited stolen digital signatures and four zero-day vulnerabilities, crossed the “air gap” using USB keys, and threatened physical infrastructure, exemplifying the damage a determined and well-funded organization can inflict. 

(d) New Attackers.  State-sponsored, criminal, and paramilitary organizations are now active in attacking enterprises and governments. “Hacktivists” target enterprises based on obscure social grievances, making it difficult to predict their goals, likely next targets, and probable methods of attack. 

(e) More Targets.  The explosion of mobile devices has increased the enterprise “attack surface” and the number of platforms that may expose unique vulnerabilities. Despite improvements in mobile device security, Trojan apps for mobiles are up 42 percent and will grow as mobile devices are used for more confidential enterprise communications and financial transactions. 

(f) Increased Speed.  Zero-day vulnerabilities, including root kits that exploit the Windows® master boot record (MBR) and Java™ vulnerabilities, are on the rise, and attack toolkits give hackers the means to distribute them much more quickly.

(g) Exploits of Trust.  Hackers use personal information gathered from social networking sites for reconnaissance and to craft customized messages that raise confidence in focused “spear-phishing” attacks. They exploit trust in social networks by “like jacking” social connections to malicious sites.

8. These trends point to a future in which malicious code, actors, applications, and social contacts represent a growing proportion of the total Web exposure of individuals and organizations, just as spam now accounts for the majority of e-mail traffic
. Malicious content will be created and distributed with unprecedented speed by well-funded organizations using automated processes and aimed at specific financial and political targets.

9. Anatomy of targeted attacks. High-profile public and private organizations particularly focus on protecting themselves against targeted attacks from organizations with advanced technical capabilities. These attacks arise from state-sponsored organizations seeking Military Intellectual Property (IP) and government secrets, organized criminal gangs trying to secure control of tradable securities and financial information, and both non-profit hacktivist and for-profit mercenary organizations attempting to embarrass or cripple their own or their client’s perceived enemies. The attacks are as well planned as a military sortie and typically include:-

(a) Reconnaissance. Reconnaissance is predominantly focused on researching the target environment’s people, process, and/or technologies. Spanning from targeted Social engineering techniques to broad phishing attacks, reconnaissance in this form is often conducted with both automation technologies and human creativity. 

(b)  Incursion.  Attackers access the target’s network, exploiting passwords and vulnerabilities identified during reconnaissance or using proven exploits such as default password violation, SQL injection, or targeted malware. 

(c)  Discovery.   Attackers map out the organization’s network and systems, scanning them for confidential information, financial data, proprietary IP, or other targets of interest.

(d)  Capture.  Attackers harvest any information left exposed and unencrypted on unprotected systems and install rootkits on systems and access points targeted during discovery to capture confidential data as it flows through the organization. 

(e)  Ex filtration. Confidential information is sent to the attackers in the clear or wrapped in encrypted packets or zipped files with password protection. Advanced data ex filtration techniques leverage sites that may mimic user behavior like social networking sites or webmail sites to gather this data. Newer methods are being leveraged using tactics like steganography and peer-to-peer file transmission.

Life Cycle Maintenance and Security of Machinery Control Systems
10.  Having seen the anatomy of the attacks that can either fail/ disrupt/ deactivate an Embedded System, there is a need to understand the concept of ‘Design Security’, to ensure that these system of systems are safe, secure and available for exploitation at all times.

11. Design Security.   It is the assurance that the Intellectual Property programmed into a device is secure and operates as intended for the life of the product. A majority of the time the primary concern is theft of the IP or the overbuilding of your end equipment, another form of theft. There are cases however, where you need to be assured that the design is not tampered with during the product lifecycle. Take Set Top Boxes (STB’s), for example. STB’s can be provisioned remotely to enable and disable premium channel service to end-users. Clearly, any unauthorized enabling results in a lost revenue stream for the content provider. Another example, is modifying the injector waveforms in an engine control module. Manufacturers may want to prevent third parties from adjusting the air fuel ratio supplied to engine cylinders, for a variety of reasons. Aggressive fueling of a cylinder can obviously lead to more horsepower and can be quite fun, but may lead to additional engine wear. Without the proper assurance that the ECM hasn’t been tampered with, manufacturers may be making repairs on engines that were tweaked, then flash back to a stock configuration after problems arise.

12. These two examples are not “security” applications in the classical sense, as in a Secure Crypto Radio that is used by military personal, but they do have secure aspects to them. Further examples for the need for design security are all around us. We live in a world of mobile computing and machine-to-machine connectivity. Automated vehicles are already here! Robotic or automated home based living assistance is also in our future and it seems like drones are popping up everywhere. Clearly, there is a fair amount of intellectual property in these applications which can and should be secured. Additionally, any application that communicates to others needs to secure any data that flows into, flows out of, or resides within the system (Data Security), perhaps by using standard encryption and decryption techniques In order to construct a robust security system, it is important to have a way to ‘lock’ the system from unauthorized intrusion and to insure that only valid commands and data are recognized. 

13. Security systems utilize special keys, just like the key to the front door of your house to authorize system access. These keys are stored within the system and must also be protected for unauthorized access. For FPGAs, there are three main approaches for the container that stores the key:-

(a) SRAM Key Storage.  SRAM key storage has the characteristic that when power is removed the key disappears. In some applications this can be viewed as a benefit, the primary benefit being the disappearance of the key. Power is typically supplied in the form of a battery, and the need for a battery can carry along some disadvantages. The battery itself increases the material cost, increases printed circuit board (PCB) real estate, and possibly adds regulatory and disposal costs. Batteries also have a finite amount of charge, and you need to replace them every so often, or increase the size of the battery to extend the lifetime of the product. 
(b) One-Time Programmable Fuses One-time programmable (OTP) fuses solve the battery problem but raise other issues. It seems obvious, but you can’t change your keys. The analogy is; if you lost your key to your house and you don’t know who might have it, wouldn’t you want to re-key your lock and get a new key? Losing your house key is synonymous with losing the integrity of your electronic key. Imagine what you’re protecting is not your house (quantity one) but 50,000 units of a fielded electronic system. If lost once (possibly via a hack) access to everything is a major detriment to an OTP key. Ideally, you would like to re-key your locks.

(c)      Non-Volatile Flash Memory.  Non-Volatile flash key storage stores the key by using reprogrammable flash memory and offers the convenience of not requiring a battery. If your key is ever compromised, you can simply reprogram the keys in the fielded systems. This approach reduces the system cost over a traditional SRAM-based key storage implementation and dramatically improves peace of mind over the OTP-based key storage designs.

(d)    SRAM Physically Unclonable Function (SRAM-PUF).   Lastly, SRAM Physically Unclonable Function (SRAM-PUF) is a novel key storage mechanism with superior security attributes. It combines the passive zeroization feature of volatile memory. The SmartFusion2 and IGLOO2 Family, make it easy to implement robust key storage via flash-based key storage and key management facilities that are ‘native’ to the device. The programmer need not spend additional time implementing key storage functions with Microsemi FPGAs; they can be included as part of the overall design and manufacturing flow with minimal overhead for the designer. The variety of key management options available (including SRAM-PUF for the most advanced security requirements) also simplifies the manufacturing, deployment, and end of life processes that can be critical to creating a complete ‘secure product life cycle’ for an embedded system.

14. System Controller.  The System Controller manages all programming, verification, design security key-management, and related operations. The System Controller is a dedicated fixed-function hardened processor reserved for these functions, and is not reconfigurable in normal operation. Its programming and runtime operation are determined by a dedicated immutable metal-mask ROM. It also includes some dedicated scratch-pad SRAM, and hardware accelerators for specific cryptographic function support. During programming, the system controller authenticates and decrypts incoming bit streams, erases and writes the target flash memory segments, and responds to other external programming-related protocols, such as key verification. The System Controller essentially programs what the bit stream tells it to in a secure, authenticated fashion. If the bit stream contains only an eNVM image then that’s what gets programmed. 
Recommendations

15. In order to ensure that the Machinery Control Systems existing in the IN and those under development are exploited safely and utilised optimally a three pronged approach will have to be adopted. Towards, that the following needs to be addressed in a time bound manner:-
(a) Core Process Resilience
(b) Embedded Systems Security and Maintenance Framework (ESSM Framework).
(c) Creation of a Nodal Directorate.

16. Core Process Resilience.   In today’s information-centric work environment, process continuity is not just about reacting to every disruptive event.  It’s no longer sufficient to manage risk through any single approach that addresses specific issues such as disaster recovery, high availability or network security.  As per industry trends, we will have to adopt to “Core Process Resilience” which refers to holistic, comprehensive strategy that incorporates all of the key risk areas to be mitigated, as opposed to narrower approaches. 
17. Core Process Resilience integrates both risk management and information security needs to include IT recovery, availability and process continuity programs, and security and privacy initiatives in order to rapidly adapt to risks and opportunities thereby ensuring resilient operations.  Three key objectives are:-
(a) Aggregation of information from multiple sources, both within an organization and throughout global networks
(b) Correlation of information across multiple sources of intelligence, both technological and human
(c) Prediction of threats and outcomes to provide early warnings and advance the organization’s threat posture from reactive to preventive to predictive.                
[image: image1.emf]CORE PROCESS RESILIENCE

(a) Process continuity is not about reacting to every

disruptive event.

(b) Integrated strategy that anticipates and adapts to

opportunities, regulations and risks is critical.

(c) Identify risks unique to Organisation both potential

disruptions and potential opportunities.

(d) Rank threats based on past occurrences, amount of

potential revenue impact, damage, compliance risks and

single point failure.

(e) Understand most vital functions of core process and

function to make resilience efforts effective.

(f) Perform gap analysis of organisations needs and

capabilities.

(g) Implementation plan should provide clear guidance of

workload division, hardware alignment, provisioning,

recovery and availability procedures, network

availability and capacity measures.

(h) Core process resilience is not a final destination, but an

ongoing process. Continual monitoring, testing and

improvement are needed

Determine your risk exposure Rank Processes

as per their

importance

Evaluate your 

resilience 

capabilities

Manage the

Plan

& adjust as & 

when required

Deploy Plan & Validate

Design resilience Strategy


Fig. 1   Core Process Resilience
18. Embedded Systems Security and Maintenance (ESSM Framework).  In order to achieve complete safety and security of these systems, the IN will have to lay down a Framework that will define the processes and procedures to be adopted from Womb to Tomb. As a practical matter, organizations achieve these objectives by integrating global intelligence into their established security technologies and practices, following a framework that includes following elements:-
(a) Planning.  Organizations need to decide what levels of protection they need to apply to their information assets on a granular basis, department by department. This allows them to prioritize intelligence requirements, establish a strategic blueprint for protection, and outline intelligence workflows with both internal and external roles and responsibilities. 
(b) Collection. Typically, spending on internal intelligence collection, using intrusion detection solutions, for example, is already significant. Augmenting it using external global intelligence networks and third-party data feeds like botnets, Darknet, and peer-to-peer alternatives extends protection to cover emerging threats and preserves the value of legacy security investments. Collection infrastructure often includes a console or portal to make collected information available inside the organization. 
(c) Analysis. The “heavy lifting” of intelligence, analysis includes integration across multiple information sources, correlation to identify potential threats, and evaluation to determine the degree of risk each threat represents—culminating in the identification of root causes and bad actors, with recommendations for defenses or countermeasures. 
(d) Dissemination.  Typically shared by organizations and their external intelligence partners, dissemination includes early warning communications, customized action reports, and personal contact between internal security specialists and external intelligence analysts. 

(e) Adaptation and Enhancement.  “Closing the loop” is also a shared responsibility in which intelligence partners develop event metrics and use cases and identify protection, detection, infrastructure, and analysis.
19. Nodal Directorate.  A Nodal Directorate and Command Units needs to be formalized which will singularly be responsible for firming up QRs, Maintenance Philosophy, undertake Up-gradation, authorize OEMs visits, create Test Bay for testing and training IN personnel for carrying out first line maintenance, maintain repository and ensure that these Systems are optimally exploited and safeguarded from Cyber Attacks.
The author is presently serving as DGM (MS) at ND (Mbi)
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FAULT TOLERANT CONTROL SYSTEM AND CONTROL DIAGNOSTICS ON IN PLATFORMS

Lt Cdr AC Thomas

“The only thing you sometimes have control over is perspective. You don’t have control over your situation. But you have a choice about how you view it.”







- Chris Pine
Abstract.   The operational requirement and the threat perception under which IN Ships operate warrant varying degree of readiness at various instances. Such a scenario requires machineries that are reliable and resolute. Thus, it becomes imperative that machinery controls is of equal higher order. Consequently, consistency and continuity in the operational state of mission critical equipment becomes the call of the hour. Fault Tolerant Control Systems (FTCS) are, hence, increasingly finding their relevance in the marine domain. The extant paper discusses the essential facets of FTCS, importance in a marine environment and its implementation aspects. The paper is concluded with an analysis into the merits of FTCS inspired systems on IN platforms through a case study.  

1. Introduction.   When it comes to machinery reliability and availability, it is important to realize that the design considerations for a Fault Tolerant Control System (FTCS) are very different from that of a conventional control system. In a conventional control system, the robustness is ensured by a design that excludes component failure from the design specifications. Hence, the design may perform excellently during normal operations, but may fail catastrophically due to minor faults of control components. On the contrary, a FTCS design takes into consideration the possible faults that may occur and makes necessary arrangements for an intrinsic system re-configuration. The resultant system will be able to accommodate minor faults of components and consequently able to function within acceptable parameters. 
2. The essential considerations whilst designing a FTCS include;-

(a) Desirable degree of fault tolerance ([image: image4.png]


)

(b) Degree of redundancy envisaged ([image: image6.png]


)

(c) System performance ([image: image8.png]


)

(d) Cost implications ([image: image10.png]


)

By nature of definition, we can establish following:-
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But for a given system it is also true that
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Hence the fitness function [image: image14.png]


 of a FTCS can be derived as:-

F α   Max(P) + Min(DR) + Max(DFT)                    ...(3)
3. As evident from Eq. (1), we can achieve absolute fault tolerance in a system by increasing the redundancy of sub-system components. However, the same would have corresponding cost implications. The ideal design of FTCS indicated at Eq. (3), would be a judicious balance of hardware and software based compensations that is economically viable and allows the system to run albeit a graceful degradation in overall performance.

4. Fault Tolerant Control System (FTCS).    Fault Tolerant Control System is used in systems that are vital in nature and those that cannot be risked with inadvertent failure, due to minor faults that can be compensated by the system without any major damage to the machinery/ equipment. This feature is obtained by timely fault detection, supervisory control and systemic re-configuration to accommodate faults. Prime focus point of this kind of control system is to ensure consistency and continuity in reliable operation of the machinery / equipment albeit minor systemic re-configuration. Some of the common applications of Fault tolerant control system are power generation, marine propulsion control, air traffic communication etc. The characteristic properties of a fault tolerant control system are:-

(a)
System prevents any minor fault from developing into a system level failure.

(b)
The system uses information redundancy to detect faults.

(c)
Re-configuration of system parameters is ensured to accommodate minor faults.

(d)
The system accepts degraded performance due to a fault, but prevents catastrophic equipment failure.

5. A variant of FTCS is ‘Fail safe system’. Here the system is able to withstand a single point failure without any noticeable change in their functionality or performance. This function is executed by the control system through augmented sensory inputs to the control system. Some of the important characteristics of the Fail safe system are:-

(a)
Consistent system performance despite single point failure.

(b)
Involvement of redundancy in hardware to accommodate for component level failure.

(c)
Voting of Sensor Signals.   In a system that is prone to degradation due to environmental conditions (Eg. Marine environment), there are chances of sensor level failures that could cause system failures. In such a scenario, installation of more than two sensors is undertaken and the output is forwarded after an internal voting of all the sensors i.e. if two out of three sensors say ‘operations sat’, then an output of ‘sat operations’ is forwarded to the control system.

(d)
Usage of Multiple Signal Processing Computers.   This is very much analogous to the case discussed above, i.e. akin to sensors, multiple processors perform the same function concurrently and the output is released after supervisory comparison of each processor output.
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Fig. 1 Schematic Architecture of a Fault Tolerant Control System
6. Importance of FTCS in Marine Environment. Numerous cases pertaining to machinery breakdown arising from control component failure are available in public domain. Analysis of such control component failures is particularly important in marine environment. Operational availability of machinery is of high importance on IN platforms. Particularly when ships are operating in close proximity or during confined water transit, it becomes important that equipment/ machineries operate with un-timely failures. Hence, in order to improve upon the reliability factor, it is important that traits and features akin to FTCS are adopted and assimilated. Possible applications of FTCS on IN platforms include:-

(a)
Main propulsion control

(b)
Automated power management system

(c)
Air conditioning and ventilation system

(d)
CPP and steering gear controls

7. Implementation of FTCS.
Conventionally, a FTCS inspired control system has three layers. The lowermost layer comprises of control loop followed by the second layer which comprises of detectors (sensors) and effectors (transducers that effect system reconfiguration). Finally, the third layer comprises of supervisory functionality. A schematic layout of a FTCS is indicated at Fig 1. As evident from the figure, whenever a component/ equipment level fault occurs, the sensory parameters detect the fault and forward signals to a supervisory layer that undertakes the decisions pertaining reconfiguration requirements. These decisions are forwarded to a tertiary level wherein the lower level inputs are compared and re-assessed in the light of other inputs received from other secondary level equipment. Finally, the plant level supervisor takes a plant level decision and indicates the respective secondary level layer to direct the effectors to execute the re-configuration required to accommodate the fault. 

8. From an analytical perspective, the basic steps involved in undertaking implementation of a FTCS are:-

(a)
Failure mode effect analysis

(b)
Fault detection v/s Fault isolation

(c)
System reconfiguration and performance re-assessment.

9. In order to better appreciate the need and implementation of FTCS inspired control system onboard Indian Naval Ships, a case study has been discussed in the following paragraph.

Case Study – MTU 8V396 DAs - M/s MB Control DA Control System

10. Problem Definition.   All Delhi and Brahmaputra class of ships are fitted with DA control system by M/s MB Controls on MTU 8V396 DAs, which is essentially a relay logic based control system. From its inception and throughout the operational cycle of the various Brahmaputra class of ships, the aforementioned control system was criticized for its frequent failures and unexplained breakdowns. Most of the defects reported from ships in respect of MB control system fitted on 8V396 MTU DAs were pertaining to over-speed tripping of the DA. 
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	Fig. 2 DT-390 DA control panel
	Fig. 3 Shop-floor test stand undertake fault diagnostics


11. Defect Investigation. The major control components pertaining to M/s MB control DA control system comprised of a DT-390 module (main control panel based on IC architecture, Fig 1), two alarm modules (namely AL715 and AL716), Intermediate cabling JB –X10 and a relay logic JB (MGAP panel). Following steps were undertaken to identify the root cause of tripping of DAs on all Brahmaputra and Delhi class of Ships:-

(a) Cabling and component level integrity checks along with OEM.

(b) Insulation checks of control cabling.

(c) Shop floor based control module checks were undertaken. In order to isolate the fault at shop floor, ND (MBI)/ ECI undertook an extensive project of re-creating the entire control system at shop floor (Fig 2). Towards this the Ship fit MGAP panel was recreated at shop-floor through extensive study of control diagrams. 

(d) Multiple iterations of cold and Hot SDCs on almost all affected Ships.

(e) DA Performance health monitoring checks by DTTT including extensive heat runs at varying load conditions.

(f) Detailed EMI/ EMC checks by NEC.

12. Despite extensive efforts and multiple causative analyses towards identifying the source of defect by a large number of agencies including ND (MBi), NEC, INSMA, DTTT and SEG, the root cause of frequent, erratic and unexplained tripping of DAs could not be identified. Consultations and onboard visits by OEM also couldn’t help the situation.

13. Installation of FTCS inspired DA Control System. From the performance assessment of the DAs, it could clearly be ascertained that the unexplained and erratic tripping of DAs was a control system linked anomaly and not a mechanical fault. A need was felt to proactively sideline the minor control fault that was cause the machinery breakdown. Hence, a project was taken up by INS Brahmaputra to undertake design and installation of a FTCS inspired DA control system onboard.

14. The new system was essentially a microprocessor based controls system that incorporated essential features of FTCS namely:-

(a)
Sensor Level Redundancy. Some of the vital DA parameters were given dual sensor redundancy. Further on the control system end, redundancy in respect of PLC modules was also provided that processed the sensory outputs. Further a facility for auto change-over to healthy sensor was also provided. 

(b)
Redundancy for Control Power Supply. Unlike the conventional DA control system that used the Ships rectified control supply as the only source of supply, the new system had multiple redundancies. This in turn helped in obviating unwanted control component damage due to supply interruption.

(c)
Self Diagnostics Feature. The control system had a self diagnostics mode that constantly checked for sensor fault/ module fault/ communication failure. The system ensured that a mere sensor fault does not translate into tripping of DA. A RS485 communication channel was employed for the same.

(d)
Minimal Complexity. The new design was a compact and less cable/ wire intensive in nature. Consequently there were lesser chances of a system fault arising due to fault in cabling.
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	Fig. 4 FTCS Inspired DA Logic Controller 
	Fig. 5 Signal Processing Modules
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Fig. 6 Local Control Panel


15. Conclusion. The performance of the newly installed control system was found satisfactory both in harbor and at sea. Extensive trials of the same were undertaken of the same in presence of trial agencies and no signs of any unexplained behavior were identified on the system. Although the approach adopted in identifying the solution was that of - ‘Repair by Replacement’ but there were a number of intangible gains and lessons learnt for all stake holders.  
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APPLICATIONS OF THERMOGRAPHY IN GAS TURBINES

Cdr CHV Sudhakar
1. Introduction.  The quest for better efficiency in gas turbines is inextricably linked to increasing turbine entry temperatures and is driving the demand for accurate temperature measurement inside turbine engines. Accurate measurement can allow engines to be operated closer to their design limits to improve thermal efficiency. It can enable engineers to verify mechanical integrity, provide better prediction of component life, validate CFD and other design tools and aid the development for leaner more efficient engines. Unfortunately, measuring surface temperature and heat flux under the harsh condition encountered in gas turbines is highly challenging and pivots solely on effective sensor technology. 

2. Sensor research and development for gas turbine applications typically focuses on performance and emissions related parameters like combustion efficiency, temporal resolution, inferred static temperature, flow velocity and particulate/ fuel matter characteristics. While these broader efforts are monitored, recent efforts have centered on several sensor technologies with promise for non-intrusive applications in test cells and industrial applications. Thermography is one such technologies which can be widely used for non-intrusive measurements in high temperature applications. 

3. Thermography. Thermography is the practice of quantitatively measuring radiative heat emissions from objects for predictive and preventative maintenance programs. Thermography is an aid that could particularly improve detection and quantification of thermal environments likely to cause degradation of engine components and indicative of functional changes in components which may be changed or adjusted, e.g. fuel nozzles, combustor cans etc. In the recent years, many research agencies have pioneered work on the application of thermography to engine condition monitoring and fault detection.

4. Use of thermography in predictive and preventative maintenance programs reduces equipment down time, prolongs equipment life, prevents schedule impacts due to untimely failures and increases availability. Mechanical or electrical breakdowns of components are often preceded by changes in normal operating temperature. Advance notice of developing problems results in cost savings by resolving them before catastrophic failure occurs that could also damage other associated components. This article aims at discussing the three most popular thermography based technologies for gas turbine applications namely, Infrared Thermography, Thermo graphic Phosphors and Liquid Crystal Thermography.

IR Thermography

5. [image: image95.jpg]


An object when heated radiates electromagnetic energy and the amount of energy is related to the object’s temperature. The energy from a heated object is radiated at different levels across the electromagnetic spectrum. IR Thermography is based on the principle that by capturing the radiated electromagnetic energy from an object, its temperature can be determined without physical contact with the object. In most industrial applications, it is the energy radiated at infrared wavelengths which is used to determine the object’s temperature. Figure 1 shows various forms of radiated energy in the electromagnetic spectrum including X-rays, Ultra Violet, Infrared and Radio. They are all emitted in the form of a wave and travel at the speed of light. The only difference between them is their wavelength which is related to frequency. 
Fig. 1
Infrared region of the Electromagnetic spectrum
6. The vast majority of infrared temperature measurement is made in the range 0.2 to 20 microns. Although emissions are mostly unable to be detected by a standard camera, a Thermal Imaging Camera can focus this energy via an optical system on to a detector in a similar way to visible light. The detector converts infrared energy into an electrical voltage which after amplification and complex signal processing is used to build the thermal picture in the operator’s viewfinder on board the Thermal Imager.
Applications of IR Thermography in Gas Turbines
7. Thermal Imaging with IR Camera.

IR camera which works on the principle of IR Thermography is widely used in GT applications. The baseline images are captured with IR camera when the GT is on test bench and subsequently they are compared with images captured during operation of GT. Image subtraction is used to highlight regions where the thermal pattern changes. The images are acquired and processed digitally before being analyzed using specialized software, one image at a time. Faults like combustor damage, fuel nozzle fanning & streaking and defective injectors can be detected using this technique.

8. A typical application of IR Camera on a J85 turbojet engine is explained in this section. For each engine power setting, images are collected and analyzed to obtain average and standard deviation images. Figure 2 shows a sample image from the camera and the result image from the averaging process. For a suspected deviation, the images are compared to the baseline images for deviations from a predetermined norm (Figure 3). Ideally as images are collected, the further evolved software will automatically compare new images to the baselines, adjust for ambient condition variation and alignment and display any inconsistencies.
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Fig. 2
Averaging of Infrared Images
Fig. 3 IR Image Subtraction to Identify Variations

9. Other applications of IR Thermography related to Gas Turbines. Various other applications related to Gas Turbines where IR Thermography is known to have been used widely are mentioned below:-

(a) IR Thermography has been successfully applied to inspection of thermal barrier coatings of gas turbine blades and diagnosis of defects concerning cracks on blade coatings.

(b) A high speed IR camera is used with various data processing techniques to find turbine blade disbonding defects.

(c) Carrying out film cooling study by drawing shear stress maps and undertaking transient analysis of gas turbine airfoils by mapping the surface temperatures in with an IR camera. 

(d) Isolation of combustor swirler problems with quantitative image analysis tools.

(e) During the production of the turbine blades for gas turbine, infrared thermography is used to assess correct application of the ceramic coatings without any losses at the flow channels. 

(f) Flash thermography is employed for dimensional measurement of turbine blades, debond testing and inspection of cooling holes.

(g) To detect the air leaks from compressor and gas leaks from turbine as shown in Figure 4.
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Fig. 4
Detection of Gas Leaks from a GT using an IR Camera 

Thermographic Phosphor Thermometry
10. Thermographic phosphor thermometry is a technique primarily used for measurement of surface temperature. Thermo graphic phosphors have been used in gas turbine research for over three decades. When the phosphors are illuminated by UV light, they emit phosphorescence at longer wavelengths. Some of the properties, such as the decay lifetime of a transiently excited phosphor, can be used to determine the temperature. This non-intrusive measurement technique overcomes many problems usually connected with high temperature measurements in gas turbines. For example, it is less susceptible to measurement conditions, cleanliness of the optics and background radiation. 

11. There are numerous phosphors available, such as YAG:Tb, YAG:Tm. Y2O3:Eu and Mg3F2GeO4:Mn, each with a different dynamic range so that they can be matched to a variety of applications including the full range of surface temperatures in current and near future gas turbines. Thermo graphic phosphors could be employed for temperature detection in the hot section of a gas turbine and this technique promises temperature detection of up to 1400 deg C with uncertainties better than for other remote standard techniques such as pyrometry. Phosphors can be applied in very thin layers thus yielding the substrates temperature with minimal error. It should be noted however, that the application of reliable thin coatings is difficult without advanced coating methods such as vapour deposition.

Applications of Thermographic Phosphors in Gas Turbines
12. Combustor Surface Temperature Study.    Thermographic sensors are used to study of the surface temperature distribution and cooling effectiveness in a combustor of gas turbine. A case study explaining this application is presented here. Figure 5 shows the temperature distribution that was measured over an 8mm by 8mm area within an experimental combustor liner. 128 point measurements were taken over this area. The temperature distribution ranges from 300° to 600°C. The area considered is subjected to full coverage film cooling.
13. The effects of five film cooling holes can be seen on the temperature map, the three cold spots across the center line and the tips of two further holes near the bottom. The thermographic phosphor was also applied within the depressions at the cooling hole exits so that temperatures could be obtained over the entire area Temperatures near the cooling holes rise steeply from above 300°C to 500°C. No visible cool streaks appear downstream of the cooling holes. The two hot spots at the top left and bottom right of the measurement region are approximately 550°C and 600°C respectively.
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Fig. 5
Wall Temperature Distributions in a Combustor
14. Ultra Bright Thermographic Phosphors.
Ultra bright thermographic phosphors possess unique characteristics like high-temperature retention of ultra-bright luminescence intensity with highly temperature-sensitive decay time. This property comes handy to overcome the usually intensity starved nature associated with non-intrusive probing of the engine environment. Probes designed for engine insertion are constrained to provide adequate laser excitation intensity and solid angle of detection than typical laboratory setups. These constraints can be addressed by employing ultra-bright phosphors.

15. Secondly, these phosphors can facilitate transition from spot temperature measurements to 2D temperature mapping by simply broadening the excitation laser beam to cover the region of interest. The focus of the temperature mapping effort is to evaluate thermal gradients surrounding cooling holes under conditions approaching the turbine engine environment. The establishment of this 2D temperature mapping approach that is not dependent on surface emissivity and insensitive to reflection of background thermal radiation will be an enabling tool for evaluating performance of engine component cooling strategies in a turbine engine environment. 

16. Temperature Measurement of Rotating Engine Components. 
Traditionally, electrical temperature sensors like Thermocouples and RTDs have been used for temperature measurement of rotating components inside a gas turbine. But these sensors are accompanied by certain inherent disadvantages like their intrusive nature, errors due to poor thermal contact, distorting gas flow thereby changing the environmental conditions of the surface being sensed, electromagnetic interference etc. On the other hand, Thermographic phosphors with their non-intrusive character and an inherent immunity to shortfalls like electromagnetic noise, emissivity variations, flame interferences and reflected radiation, are ideally suited for application on high speed rotating components of gas turbine. 

17. For instance, phosphor like Mg3F2GeO4: Mn, has been successfully employed, using 355nm illumination, for measuring the temperature of HP drive cone. The estimated performance under the expected rotational speeds has been found to be 624-812oC with a standard uncertainty of ±0.99%. Similiarly, another phosphor YAG:Tm, illuminated with 355nm, has been found to be the most promising phosphor for high pressure turbine blade measurements. The performance under the expected rotational speeds has been found to be 1117–1375oC with a standard uncertainty of ±0.97%. This is better than other competing technologies that are currently available for temperature measurement of rotating turbine blades.

18. Temperature Measurement of TBCs.  Thermal Barrier Coatings (TBCs) provide thermal protection to the internal components of the hot section of a gas turbine engine. TBCs consist of a thin bond coat and an insulating layer, usually YSZ. They have a thickness in the order of 250 μm. TBC can be modified to behave like Thermographic phosphors, exhibiting temperature dependable properties. The advantage of this is that no additional phosphor layers are required for temperature measurement. For instance, phosphors like YSZ:Eu and YSZ:Dy have been successfully investigated both in powdered form and various forms of vapour depositions. Powdered YSZ:Eu response was observed with a dynamic range of 50-800oC and YSZ:Dy was investigated through a temperature range of 300-900K successfully. Using this methodology, it is possible to measure the temperature of the TBC. 

19. Other Applications of Thermographic Phosphors in Gas Turbines.
The use of thermographic phosphors to determine temperature has been successful for a number of applications related to gas turbines in the recent times. Some of them which have been investigated in laboratory/ operational set up are mentioned below:-

(a) Mapping the temporal variations in the temperature profiles of an impinging turbulent jet flame.

(b) Optical temperature diagnostics on the afterburner of the engine used in a fighter jet where the temperature inside an afterburner has been mapped by attaching the phosphor HPC binder paint on the surface of interest.

(c) Thermographic phosphor YAG:Dy has been used to measure gas temperatures in an operational engine.

(d) Thermographic phosphors are known to be used in surface transfer measurements inside supersonic combustors and hypersonic wind tunnel testing.

Liquid Crystal Thermography

20. Liquid Crystals.
Liquid crystals are organic substances which are in a phase between liquid and crystal. In this phase matter possesses both solid and liquid properties by having lose- crystalline structure. LCs are available both in natural and synthetic form with different viscosities. LCs are categorized on the basis of their optical properties, which varies due to their molecular arrangement. A schematic of four common LCs is given in the figure below:-
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Fig. 6
Liquid Crystals Classification
21. Thermochromic Liquid Crystals.
TLCs have been used for measurement of temperature distribution over a surface during the last three decades. Commonly used liquid TLCs consist of encapsulated molecules, which prevent them from damage and therefore increase their life time. TLCs are available in form of liquids and sheets. TLC sheets are made of a very thin glued layer of encapsulated TLCs on transparent polyester. Thermochromic liquid crystals show specific colors (chrome) that are dependent on temperature. Encapsulated Thermochromic Liquid Crystal (TLC) is commonly used means of accurately and practically measuring surface temperature of solid bodies.

22. TLC is easily applied by spray-painting over the surface under examination and is ready to use when dry. The crystal colour changes to accurately reflect the surface temperature. Hence the “global” temperature distribution over the entire sprayed surface can be visualised simultaneously. This is the prime advantage of TLC over alternative intrusive temperature measuring devices, such as thermocouples, which can only provide a “local” temperature measurement at one surface location at any given time. Furthermore, such devices can result in error due to local disturbances, which is not experienced in the use of TLC. 

23. Liquid Crystal Thermography.
Modern TLC can reflect a range of colours that correspond to specific temperature values. A temperature point, at which the crystal begins to reflect light, is often referred to as activation temperature. A temperature point, at which the crystal becomes colourless, is often referred to as clearing-point temperature. The temperature range between these two temperature points is commonly referred to as bandwidth. The bandwidth may be wide, such as (for wide-band crystals), or narrow like (for narrowband crystals) to allow for results of better accuracy. Since TLCs are very precise and fast in response (~3ms), data in time and space is normally captured using video (or image) recording. This technique is called Liquid Crystal Thermography (LCT).

24. When the target surface changes its temperature to a defined value, the colour change time of the coating at every pixel location on the heat transfer surface during a transient test is measured using an image processing system. The heat transfer coefficients are calculated from the measured time responses of these thermochromic coatings. Important thing in this technique is to use the same camera and lighting settings both for calibration and experiments. 

25. This technique has been commonly used for heat transfer measurements of turbine blade internal coolant passage as well as turbine blade film cooling. Results can be obtained on complex geometry surfaces if visually accessible. Some other applications related to gas turbines include heat transfer measurements of jet impingement, internal cooling channels with ribs, flow over simulated TBC, flat plate film cooling, cylindrical leading edge, outlet guide vanes and end wall. Figure 7 shows the LCT image of end wall in a test bench set up. In this case study, surface temperature was measured by a 500 mm by 160 mm LCT sheet, R35C5W, placed in the middle of the vane.
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Fig 7.
LCT Images of End Wall
26. Conclusion.
The current CBM philosophy for gas turbines is primarily based on the assessment of flow area and overall efficiency degradation. This is diagnosed from gas path methods and conventional pressure & temperatures sensors when combined with aero thermodynamic and data-based models. While these important component-level faults are detectable, certain localized damage is not easily detected. In addition, as condition based maintenance requirements evolve from diagnostic to prognostic functionality, additional data sources should be considered. For advanced prognostics, existing sensors may be insufficient to assess engine condition. Therefore there is an essential need to identify a combination of advanced sensors and fault detection techniques to “see” incipient faults as a key element of predicting useful remaining life. The current thermography technologies discussed in this article would, with their inherent positives, aid in accurate detection and quantification of thermal environments likely to cause degradation of the engine internals thereby enhancing the prognostic nature of gas turbine maintenance for future. 
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CURRENT INITIATIVES IN MAKE IN INDIA SCHEME AND

SIMPLIFIED MAKE II PROCEDURES

Cdr Swarup Das

BACKGROUND

1.
Introduction.
 Commitment towards self-reliance by foray into indigenisation by IN began over five decades ago with the commissioning of the first indigenous ship INS Ajay in 1961
. Since then India has come a long way in terms of Indigenisation in defence forces. The IN has been traditionally pursuing indigenisation through ‘IN-DRDO Synergy’ (Para 72 of Chapter 2 of DPP 2016) route and ‘Revenue’ route (Chapter 15 of DPM 09) and presently, IN has the largest number of projects through DRDO.  Project Navy Interface Group (PNIG) has been set up at DMDE to give thrust to the Submarine Indigenization.

2.
‘Make’ Procedure and DPP.
    The Defence Offset Policy, first introduced in DPP has undergone many revisions indicating its objective to leverage capital acquisitions to develop Indian defence industry. Also, the ‘Make’ procedure was introduced for the first time in DPP 2006. DPP 11 brings out self-reliance in defence manufacturing as a vital strategic and an economic imperative; and places emphasis on utilising the emerging dynamism of the Indian industry by leveraging domestic capabilities for fostering export capabilities in this sector. 

3.
However, only in DPP 16, a dedicated policy on ‘Make’ has been introduced in the form of a chapter (Chapter III). The procedures inter alia outlined in the chapter was designed to address the multiple objectives of self-reliance, wider participation of Indian industry, impetus for MSME sector, sound implementation, transparent execution and timely induction of equipment into Indian Armed Forces
. Two separate categories have been created, viz, ‘Make I’ and ‘Make II’. Projects under ‘Make I’ category will involve Govt. funding up to 90%.  A new sub-category ‘Make II’ was introduced with focus on development of equipment/ systems/ sub-systems/minor platforms or upgrades with an intent for import substitution.  In this subcategory, no Government funding is envisaged for prototype development purposes but has assurance of orders on successful development and trials of the prototype.

4.
Projects under the ‘Make-II’ sub-category, with estimated cost of prototype development phase not exceeding Rs. 3 Crores, will be earmarked for MSMEs. However, if no MSME expresses interest for a Make-II program of less than Rs. 3 Crores, the same may be opened up for all.

5.
Successful development under ‘Make II’ would result in acquisition, from successful Development Agency/Agencies (DA/DAs), through the Indigenously Designed Developed and Manufactured ‘(Buy Indian – IDDM)’ category having a minimum of 40% Indigenised Content (IC), by inviting commercial bid and thereafter following the procedures detailed in Chapter II of DPP.

New Initiatives
6.
Industry Interaction on ‘Make’ Projects. Industry-Armed Forces interaction on ‘Make’ projects for all three services are organized jointly by services and various bodies like ‘Society of Indian Defence Manufacturers (SIDM), Federation of Indian Chambers of Commerce and Industry (FICCI), Confederation of Indian Industry (CII), Global Innovation & Technology Alliance (GITA) at different locations from time to time, focusing on projects and implementability of the simplified ‘Make-II’ policy. Similar types of focused Business-to-Business sessions organised on regular basis with Industry and academia across the country would help in building fruitful ecosystem.

7.
Make in India Website.
A dedicated website on ‘Make in India’ initiatives viz., ‘http://www.makeinindiadefence.gov.in’ is updated on daily basis which incorporates all the details of ‘Make’ procedures. The ‘Make’ project of respective services are hosted on website along with contact details of project officers and service nodal officers to facilitate Industry rep to contact with the services.  The project proposals are categorized in AIP accorded stage and exploratory stages with briefs in a specified format. 

8.
Defence Investor Cell.
To promote Defence Sector manufacturing in India, in line with the ‘Make in India’ initiative, a need was felt to educate the investors about the opportunities available in Defence manufacturing sector and accordingly, a Defence Investor Cell is created under Department of Defence Production, Ministry of Defence, as single point of contact which will provide all necessary information including addressing queries related to investment opportunities, procedures and regulatory requirements for investment in the sector
. ‘Make’ Procedures inter alia has been included as one of the main focus of the Defence Investor Cell. 

9.
Defence Corridor.
Govt’s decision to set up Defence corridor in Tamil Nadu and Uttar Pradesh to link up small scale units with Academia for Research sharing will play catalytic role in boosting up Indigenisation process. The plan is to bridge the cluster of companies with academia for easy transfer of research with Indian and Foreign companies. Draft policy on this entails attractive offers like reimbursing 25% of the cost of land and many more in order to invite Pvt Industries
. 

10.
Innovation for Defence Excellence. An innovation ecosystem for Defence titled ‘Innovation for Defence Excellence’ (IDEX) has been launched on 12 Apr 18 by the Hon’ble PM during Def-Expo India 2018. IDEX is aimed at creation of an ecosystem to foster innovation and technology development in Defence and Aerospace by engaging Industries including MSMEs, Start-ups, Individual Innovators, R&D institutes and Academia and provide them grants/ funding and other support to carry out R&D having good. ‘Technology Development Fund (TDF)’ has been established to promote self-reliance in Defence Technology as a part of the 'Make in India' initiative. It is a programme of Ministry of Defence executed by DRDO meeting the requirements of Tri-Services, Defence Production and DRDO
. The scheme encourages participation of public/private industries especially MSMEs so as to create an eco-system for enhancing cutting edge technology capability for defence application. The TDF project differs from the ‘Make’ Projects wrt few aspects. 90 percent of development cost in TDF project is borne by the Government with a maximum cap of 10 Cr and timelines restricted up to two years. New interactive website on this has been set up in alliance with Global Innovation Technology Alliance (GITA). Recently, an interactive website on TDF has been launched (https://tdf.drdo.gov.in/) in order to virtually interact with all interested players involved in this drive.  

12.
Strategic Partnership (SP) model.    In a major policy reform intended to promote ‘Make in India’ in defence manufacturing, the Ministry of Defence announced on                   31 May 17, the Strategic Partnership model for the Indian private sector. The concept, first suggested by the Dhirendra Singh Committee report in July 2015, populates Chapter VII of DPP 2016. The strategic partnership model seeks to identify a few Indian private companies as Strategic Partners who would initially tie up with a few shortlisted foreign OEMs to manufacture big-ticket military platforms. In the initial phase, the selection of SPs would be confined to four segments: Fighter Aircraft, Helicopters, Submarines, and Armoured Fighting Vehicles (AFV)/Main Battle Tanks (MBT). In each segment, “only one SP would generally be selected” as per DPP.

Simplified Make II Procedures
13.
Though ‘Make’ procedure was introduced as early in the DPP 2006, none of the cases of IN were fielded before revision of ‘Make’ scheme in 2016.  Although Indian Army had fielded a few cases in 2008, none of the cases have made any significant progress.  As the revised ‘Make’ procedure promulgated in DPP 2016 is also found to be very elaborate as the timelines required for placement of order for both ‘Make I’ and ‘Make II’ projects after preliminary feasibility study by SHQs was about 92 weeks. Hence, a need was felt for a separate and simplified procedure for ‘Make II’ (Industry funded) sub-category to ensure minimum interference by the Govt. till prototype development as it does not envisage any funding by the Government for development of prototype. Accordingly, a number of discussions have been held between MoD/ DDP, Industry Associations and the SHQs and various revisions of draft ‘Make II’ procedures were pondered upon. The revised ‘Make’ procedure was deliberated during DAC meeting on 16 Jan 18 and was launched by the Raksha Mantri on 18 Jan 18 during Vendor Development Meet at Chennai and has been amended as Chapter III A of DPP 2016. 

14.
The ‘Make-II’ procedure, outlined in chapter III A of DPP 2016, seeks to address the objectives of wider participation of Indian industry, impetus for MSME/start-ups sector, simplified implementation, and timely induction of equipment into Indian Armed Forces
.

15.
Salient Changes in the Amendment. The salient changes promulgated in Ch III A of DPP 16 as compared to the procedure outlined in Ch III of DPP 16 (primarily intended for Make I projects) are as follows:-

(a)
The ‘Make II’ project having AoN value less than Rs 150 Cr will deem to be automatically included in AAP, post accord of AoN.
(b)
The ‘Make II’ procedures envisages consideration of Suo-Moto Proposals suggested by Industry including start-ups. SoP for processing Suo-Moto proposals received from Industries has been laid down. The proposals received from Industries will be examined by ‘Make PMU’ of concerned SHQs and if need for the same is established, the proposals will be forwarded for consideration of collegiate for accord of AIP.
(c)
Constitution of ‘Project Facilitation Team (PFT)’ in lieu of ‘Integrated Project Monitoring Team (IPMT)’ to handhold industry and start-ups. This activity is to be undertaken prior to accord of AoN.
(d)
Doing away with the requirement of preparing ‘Project Definition Document (PDD)’ by IPMT and ‘Detailed Project Report (DPR)’ submission by the DAs.
(e)
Publishing of EoI on MoD/DDP Website inviting Company(ies) to participate in to the ‘Make-II’ project rather than issuing only to shortlisted vendors. EoI shall also be issued to all companies which have shown interest to participate in the project during Feasibility Study.
(f)
Permitting all vendors who meet the minimum qualifying criteria to participate as Development Agencies (DAs) instead of the earlier provision of selecting only two DAs to develop the prototype. Responses to EoI shall be evaluated as per the evaluation criteria incorporated in EoI.  All the shortlisted companies will be called Development Agencies (DAs). Project shall be progressed ahead even if only one EoI respondent is found meeting the eligibility criteria.
(g)
The simplified ‘Make II’ procedure allows start-ups recognized by ‘Department of Industrial Policy and Promotions (DIPP)’ to manufacture equipment for Armed Forces. It envisages that a separate evaluation criteria related to Financial, Technical and Commercial needs to be spelt out in EoI only for start-ups. However, deliberation at different stages is in progress to derive upon these criteria ensuring that level playing field is not compromised and at the same time a deserving candidate does not get disqualified.  
(g)
PFT will issue Project Sanction Order with Nil financial implications as the development cost is borne by the Industries. 
(h)
Commercial ‘request for Proposal (RFP)’ for ‘Buy (Indian-IDDM)’ phase will be issued to all Development Agency (DA) for submission of their commercial offer prior to commencement of user trial (earlier Commercial Offers were sought on completion of Staff Evaluation).
(j)
Projects where prototype of only a single firm/ individual clears the trial shall be progressed as resultant single vendor.
(k)
Provision for no negotiations by CNC in multi-vendor cases below Rs 150 Crs. In case they are carried out due to special circumstances, the reason for the same to be recorded. However, CNC will carry out negotiations for all single vendor cases irrespective of value of the project, other than resultant single vendor.
(l)
No benchmarking and no negotiation will be carried out even for the single vendor cases for the products which are being developed under ‘Make II’ as import substitution and their prices are known. 
(m)
Provision of relaxed eligibility criteria for start-ups has been introduced in the revised procedure. For start-ups recognised by ‘Department of Industrial Policy and Promotion (DIPP)’, Financial, Technical and Commercial criteria shall be spelt out separately in the EoI.
(n)
There will be no foreclosure of a project after it is sanctioned, except on default by the vendor, to ensure that the successful vendor has assured orders
(p)
The revised ‘Make’ procedures makes it mandatory to place bulk orders for the quantity as specified in the EoI in the initial stages, necessitating the services to carryout comprehensive study of all the relevant aspects and accurately define PSQRs/ SQRs without any ambiguity and inadequacies.
(q)
The overall timelines from initial proposal / accord of AIP stage till placement of order for prototype development have been curtailed from 126 to 45 weeks. The revised timelines is placed at Annexure I.
(r)
The validity of AoN has been reduced from one year to six months. However, for cases where the original EoI has been issued within six months from accord of AoN and later retracted for any reason, the AoN would continue to remain valid, as long as the original decision and categorisation (sub-category) remain unchanged and the subsequent EoI is issued within three months from the date of retraction of original EoI.
(s)
The projects where multiple technological solutions are acceptable, and quantity earmarked is large enough, an option for procuring specified quantity from other vendor (L2) in the ration of 70:30 may be provided in the EoI and subsequently in the commercial RFP for ‘Buy (Indian - IDDM)’ phase. 
(t)
All successful DAs who are not qualified as L1 will be issued with a certificate by the DDP indicating that the product has been successfully trial evaluated in order to facilitate them to explore other markets. 

(u)
Development Agency will have Intellectual Property Rights (IPR); however government retains March-in rights under which contractor may require to grant licensing right for reasons concerning to safety, national security, public use etc. 

Conclusion
16.
Originally ‘Make’ scheme envisaged funding of the prototype development cost to the extent of 80 per cent by the Ministry of Defence (MoD). This was increased to 90 per cent in 2016 and a new ‘Make II’ sub-category was created to let the Indian industry undertake developmental projects on its own without any funding by the MoD. On 16 Jan 18, the Defence Acquisition Council (DAC), headed by the Defence Minister, decided to tweak it again to enable the MoD to accept suo-motu proposals from the industry, including the start-ups, for undertaking projects under the ‘Make II’ category. The criteria prescribed in DPP 2016 for short listing of the Indian companies as prospective development agencies for participation in the ‘Make II’ projects has also been relaxed by removing the conditions related to credit rating and net worth.

17.
It goes without saying that this procedural amendments aims at easing the rigors from part of Industry. However, this also brings about dilution in the procedures and lack of precision in few aspects and therefore, its implementation will need absolute clarity without leaving any untied loose ends. It is prudent that initial phases of few projects from three services be taken as case studies for resolving any anomalies and ambiguities, in case arises during the entire process. 

18.
Restriction on the number of maximum DAs eligible to manufacture has been removed. Any vendors having qualified eligibility criteria as promulgated in respective EoI for prototype development will be called as Development Agency. Had the development cost been borne by Government, the outcome would have been somewhat different. In a monopsonic market with a single buyer and several trying to sell their products to that single entity, many of these companies could suffer if they lag behind in development of the prototype or are unable to export the product after belatedly succeeding in developing, knowing the fact that many of the eligible start-ups/ MEMEs in India are devoid of deep pockets. 

 19.
Extending the Scope of Strategic Partnership (SP) Model.
  Typical cases like development of marine diesel engines for ships, light weight Boat engines, Shafting systems for ships etc which are new being progressed under ‘Make’ scheme, can be pursued in shorter timeframes under SP model. Therefore, extending the scope of SP model to cover technologically intensive areas like Diesel Engines, Gas Turbines, and Advanced Weapon Systems etc. would enable flow of niche technologies into these areas for development of these equipment/ systems to fructify in a shorter time. 

20.
Absorption of Technologies Developed under TDF Scheme in Make Projects. TDF projects are aimed at developing technology which are currently not available with the country. Technology harnessed through TDF scheme need to be migrated/ absorbed to ‘Make’ projects for gainful utilization. However, structured process for transfer/ absorbing the technology developed through TDF projects for various applications, including ‘Make’ projects has not been evolved and promulgated and the same need to be monitored in days to come to obviate duplication in effort. 

21.
Creation of Internal Ecosystem in India.  The design capability of the Industry and Academia in various pockets is being harvested by several multinational OEMs who have set up their design houses in India and also sourcing design inputs from India for developing/ integrating larger systems/ equipment elsewhere in the world.  However, the Industry, other than a few major ones is yet to mature to be a major integrator, to develop major systems to Navy’s requirements.  Notwithstanding, as the present industrial ecosystem will not be able to mature to requisite levels even in a decade from now, there is an inescapable need for the IN to evolve a suitable ecosystem that goes beyond the realm of usual operator-maintainer level, to pursue its self-reliance objectives. It is pertinent to mention that all the major Navies have developed similar internal ecosystems that enabled them to harness the potential of their Industry & Academia. It is in fact, pertinent to state that the internal ecosystem created by their military/ defence departments of these countries have enabled unleashing the potential of their Industry and Academia to evolve as major design and manufacturing centres. 

22.
Larger Indigenisation Mandate for IN.   The capacity of present DoI and IUs is grossly inadequate to steer the indigenisation mandate of the IN.  While Phase I of the plan for bifurcation of indigenisation function from DGQA and formation of DoI and IUs could be accomplished in 2005-06, establishment of larger indigenisation organisation could not be progressed due to various reasons.  Considering the need for enhanced capacity and capability for fulfilling the indigenisation mandate and to keep pace with Make in India initiative of the GoI, the SoC for setting up full-fledged indigenisation establishment by name ‘Centre for Indigenisation and Self-Reliance’ (CISR) in 1.5 to 2 acres land at Brar Square, New Delhi is being processed.  This agency could act like a positive catalyst in integrating design and development potential presently available in various pockets in the country to enable the  Industry to mature at a greater pace to realise the Govt of India’s ‘Make in India’ vision. 

The author is presently serving as Joint Director, Directorate of Indigenisation
Annexure I

Tentative Time lines for Make-II Projects

	Ser
	Activity
	Time in weeks from collegiate discussions (To)

	1.
	Approval of proposals as POTENTIAL ‘Make’ projects by Collegiate to be headed by Secretary (DP) and uploading on DoD/DDP website
	To

	2.
	Completion of Feasibility study
	8

	3.
	Preparation of PSQRs
	4

	4.
	Preparation of SoC + Constitution of PFT
	4

	5.
	Categorisation and Accord of AoN
	8

	6.
	Issue of EoI 
	8

	7.
	EoI Response submission
	6

	 8.
	EoI  response evaluation
	5

	9.
	Issue of Project Sanction Order
	2

	10.
	Design & development of prototype
	12-30

	11.
	Freezing of PSQRs as GSQR 
	4

	12.
	Solicitation of Commercial offer
	4

	13.
	User trials & Staff evaluation
	8-26

	
	Total
	73-109 weeks


INFRARED SIGNATURE MANAGEMENT 

IN NAVAL SHIPS: A REVIEW

Cdr AK Shrutikar

1. Abstract.  Infrared Radiation (IR) is electromagnetic radiation with longer wavelengths than those of visible light. It is typically produced by objects whose temperature is above 10 degree kelvin. Exhaust plume, duct surfaces, hull and associated surfaces are the three major IR sources in a Naval Ship. Hot exhaust gases from gas turbines and diesel engines are the main source of IR radiation. The present study aims to understand the evolution of Russian design of funnel construction from four funnels fitted in the old vintage ships to single funnel concept in the newly commissioned ships. Moreover this review studies impact of funnel construction on IR signature management.  A detailed structural and thermal analysis of the exhaust funnels of Talwar class of ships has been carried out along with measurement of funnel wall and exhaust gas temperatures at funnel exit onboard these ships. Based on structural analysis, CFD prediction of thermal profile, analysis of Russian design exhaust system onboard naval ships and its effectiveness in IR signature management has been presented.    
2. Introduction.    Infrared Radiation (IR) is electromagnetic radiation with longer wavelengths than those of visible light, having a wavelength in the range from 0.75 μm to 1000 μm. IR radiation is passive signature. That is, for detection and tracking of the target, IR guided threat relies on radiation emitted from the target and doesn’t need to send any radiation to the target. IR is generally divided into the following regions, viz, Near IR (NIR 0.75 – 3.0µm), Middle IR (MIR 3.0- 6.0µm), Far IR (FIR 6.0- 15µm) and Extreme IR (XIR 15.0- 1000µm). IR signature emitted by surfaces gets attenuated in the atmosphere except for two windows viz. 3-5µm and 8-12µm, where the signature attenuates very slowly and can be tracked from far.  There are three major IR sources in a naval ship. These are exhaust plume, duct surfaces, hull and associated surfaces. Components of exhaust plume (CO2, water vapour etc) emit selectively only within 3-5 µm range, hull emits predominantly in 8-12 µm range, while exhaust duct surfaces emit radiation in both ranges. For detection and tracking, IR guided missiles prefer 3-5µm range, as they can home on the target as point sources. Therefore, to avoid the ship becoming a point target, exhaust gases and duct surfaces are to be cooled to near ambient. This will make the ship appear as extended target which enhances effectiveness of decoys such as flares against IR guided missiles.
3. The Indian Navy sources its ships from western countries as well as from Russia. Even for indigenous construction, the propulsion and power generation packages are sourced either from west or Russia which in turn dictate the funnel design and infrared signature suppression systems associated with it. The paper reviews both the philosophies which are as separate as chalk and cheese. Being in the military domain, the actual design methodology of either type of infrared signatures suppression (IRSS) systems is not available in open literature. However, the western designers, being driven by private players, provide an overview of suppression methodology such as DRESS ball, Entraining Diffuser, Eductor-Diffuser etc., along with expected suppression for each type of device to enable user navies to make an informed decision on type of IRSS devices required. On the other hand, the Russian design is provided only to specific end users as a government to government contract with no literature in public domain. 
4. The Naval Science and Technology Laboratory (NSTL), a unit of Defence Research and Development Organisation is the nodal agency for design and development of IRSS devices for Indian Navy. Eductor- Diffuser type of IRSS device for diesel engines has been patented by NSTL and a number of these devices have already been inducted into naval ships. However, for indigenous ships with propulsion / power generation systems sourced from Russia, funnel design is quite different and Eductor-diffuser type IRSS devices do not provide optimal suppression. 
5. A preliminary comparison of funnel design onboard indigenous construction ships with propulsion sourced from west with that of propulsion sourced from Russia is presented followed by a detailed study on the evolution of the funnel design onboard ships with propulsion sourced from Russia in terms of structural construction and thermal performance.
6. IRSS consists of four stages of signature reduction levels. These levels are depicted in the diagram below:-

[image: image24.jpg]missie locks
nenn

Time to launch flares.

missie ocks
g

missie locks
on ety

N

Ship detects
issile





Fig. 1 Levels of IR Suppression
(a) Level 1.   It consists of ships where there is no IR suppression device fitted and also no provision for NBC (Nuclear, Biological and Chemical) manual wash. These ships are strategically not so important with respect to war time scenario. They are not the front line ships and are used for coastal patrolling, survey purpose, research related activities etc. These ships are prone to get victimized by an enemy missile in very short time.
(b) Level 2.  Ships where there is a provision for cooling the funnel walls and for NBC manual wash only. However in these ships cooling of plume does not take place. These ships are strategically important with respect to war time scenario however due to their vintage facility, of cooling of flume plume is not available.
(c) Level 3.  Ships consist of provision for complete manual wash and also provision being made for cooling the funnel walls along with the plume with an IRSS device fitted on the funnel. These ships are strategically important with respect to war time scenario and their detection time by a missile is more than level 1 & 2 but less than level 4.
(d) Level 4.   This level is the highest in terms of IRSS. Level 4 consists of ships where there is provision for active hull cooling and also advance IRSS device fitted. These ships are strategically important with respect to war time scenario and their detection time by a missile is highest compared to all other levels.

Indian Navy Perspective
7. The Indian Navy has followed two different philosophies for suppression of Infrared Signature of exhaust gases, the “Western Philosophy‟ which involves the use of individual IRSS devices for each engine and the “Russian Philosophy” which uses intrinsic design of the funnel for infrared signature suppression of exhaust gases and is therefore more compact. The design philosophy involved in Western Design IRSS devices is enumerated in a number of papers available in open literature while in case of Russian philosophy, design documentation is not available in public domain. Further, the western philosophy has been the same with advancements restricted to enhanced plume cooling using sea water or IR paints etc. while the funnel configuration onboard Russian ships has evolved from four funnels for the four gas turbines onboard older ships of 1970’s vintage to two funnels with two gas turbines each in ships of 1990’s vintage to a single funnel housing all four gas turbines in state of art ships. It is therefore considered essential that the Russian philosophy be studied in detail.

8. The figure below shows the various technologies used in ships based on western philosophy. This philosophy uses the more standardized Eductor/ Diffuser devices for achieving IRSS. Eductor/ Diffuser IRSS devices have been fitted in the gas turbine exhausts of some class of Ships. NSTL (V) has patented till now 34 IRSS devices for diesel engines of IN. Though design capability exists for GT (Gas Turbine) IRSS devices, restrictions imposed by OEMs on the performance of GTs is an impediment.  
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             Fig. 2 Technologies for IR suppression
(a) Entraining Diffuser.   The Entraining Diffuser in Fig 2 (a) is used to provide IR signature suppression of the exhaust uptake metal for diesel engines, and diesel generators. The device is normally used for small diesel generators which have a minimal plume signature. 

(b) Eductor/Diffuser system for Exhaust Cooling.    The Eductor/ Diffuser in Fig 2 (b) is used to provide IR signature suppression of the exhaust gas and uptake metal for gas turbines, diesel engines, and diesel generators. The device mounts directly to the uptake and is normally fully enclosed within the exhaust funnel. The uptake metal is cooled to within 25°C of ambient and the plume temperature is reduced to below 250°C. The Eductor/Diffuser consists of three main components:-
 
(i)   The ejector nozzle

(ii)   The mixing tube

(iii)   The multi-ring entraining diffuser.
 

The nozzle acts as an air-air ejector, pumping ambient air into the device. This ambient air mixes with the exhaust gases in the mixing tube, exiting at a much reduced average temperature. Finally, ambient air is naturally entrained in through the gaps of the diffuser, providing film cooling of the diffuser rings.
(c)          DRES-Ball.   The DRES-Ball in Fig 2 (c) is used to provide IR signature suppression of the exhaust gas and uptake metal for gas turbines, diesel engines, and diesel generators. The uptake metal is cooled to within 25°C of ambient and the plume temperature is reduced to below 250 °C. The device has a film cooled outer duct as well as a film cooled centre body that blocks views into the rest of the exhaust uptake from all view angles. Each of these devices uses a film of cool ambient air to suppress the visible metal. Resultant metal temperatures are approximately 20-30oC above ambient. This is considered to be a sufficient level of suppression to protect against today’s threats.
(d)        NBC Wash.  This is known as pre-wetting system [11]. It is a technique meant for use when the ship is transiting through a nuclear, biological and chemical polluted environment. In this system an umbrella of water is formed through nozzles fitted all around the ship superstructure so as to prevent any biological nuclear or chemical particle to enter the ship. However from IR point of view NBC wash is not that effective as it covers only the superstructure and moreover IR radiations can pass through water and detection is possible.
Future Trend of IRSS
9. Active Hull Cooling.  The water injection system is generally used for active cooling of the entire hull surface of the ship with more emphasis on the hot spots of the ship’s surface using sea water. This system can also be used for cooling of the exhaust funnel skin. To be most effective, a water wash system must be carefully designed to cool the entire surface of the ship to ±5oC contrast from +10 to +30oC. The wetting system should be designed to distribute water uniformly over the subject area so that no hot spots remain. However, the use of sea water wash to cool ship surfaces has a number of other concerns associated with it. One is that a wet surface will reflect solar radiation in a peculiar manner and therefore solar glint effects will be increased with water wash. Active hull cooling systems can introduce other problems including corrosion and salt buildup.  In the mid-wave band (3-5 cm) the addition of water to the plume quickly cools the hot gases, reducing its in-band signature.
10. Use of Special Surface Treatments (Paints) to Reduce IR Emission.
 The appearance of a surface depends on its reflectivity (or the compliment, its absorptivity/emissivity). The spectral reflectivity of a surface can be manipulated by varying surface roughness and surface layer materials. However, the selection of a single optimal paint to reduce IR emission during day (sunlight) conditions as well as night conditions is very complex.
Russian Design 

11. Russian designs are known to be compact and precise with a high degree of standardization. The exhaust funnel design onboard ships fitted with Russian Gas Turbines presents an interesting point that the vintage class Russian ships have four funnels with a gas turbine each and ships of Delhi Class have two funnels with two GTs (Gas Turbines) and two GTGs (Gas Turbine Generators) each while Talwar class have four GTs in one funnel. Further, the exhaust piping of each GT terminates well below the funnel exit in the Russian design, much different from the western/ indigenous design where the exhaust piping of each engine independently extends up to the funnel top. Water injection system in funnel construction is provided in Talwar class but not in the ships of the Delhi/Kolkata class.

	Ser
	Older Ships
	Delhi Class Ships
	Talwar Class (R) Ships

	01
	One Gas Turbine per funnel
	Two Gas Turbines per funnel


	All four Gas Turbines in one funnel

	02
	Four funnels per Ship
	Two funnels per Ship


	Single funnel for GTs and DEs

	03
	No Water Injection System
	No Water Injection System


	Water Injection System available above 0.8 N


Table 1 Comparison of Exhaust Funnel Design
12. The Russian philosophy involves suppression of infrared signature of the exhaust gases by better intrinsic design of the funnel itself. This method does not use the educator/ diffuser type of IRSS devices for achieving IRSS but the funnel itself is designed in such a way that the required degree of IRSS is achieved. 

Area of Work
13. Analytical Study.   The behaviour of blackbody radiation is described by the Planck Law, but we can derive from the Planck Law, one more radiation law i.e Stefan-Boltzmann Law that is very useful.
E = σ eAT4    
                     (1)
σ = Stephan Boltzmann const (5.667 x 10-8 W m-2 K-4)

E = Radiant energy

T = Temperature in kelvin 

e  = Emissivity

A = Radiating Area in m2
14. Stefan-Boltzmann Law explains the growth in the height of the curve as the temperature increases. Notice that this growth is very abrupt, since it varies as the fourth power of the temperature. Hence the Steffen – Boltzman equation for a naval ship can be re-written as

   

E=     ʃσ eAT4   +  ʃ σ eAT4  
          (2)

15. Now let us undertake the mathematical analysis so as to calculate the thermal energy associated with exhaust gas.
Thermal energy associated with exhaust gas = N1M1CpT2   +   N2M2CpT2
 
            

       (3)
Ni= Number of Gas Turbines fitted of  type/variant/ location

Mi = Mass flow rate of exhaust gases of Gas   Turbines of same type/variant/ location (Kg/Sec)

Cp(i) = Specific Heat of air of Gas Turbines of same   type/variant/ location (W/KgK)

Ti = Temperature of exhaust gases of Gas Turbines of same type/variant/ location (K)

                                Where i= 1,2,3 …….
16. Talwar Class (R) of Ships has two cruze GTs and two boost GTs, therefore we have

E Talwar = 2xMcruzeCp(cruze)Tcruze + 2xMboostCp(boost)T(boost) (4)
While the ships of Delhi Class have two GTs on the front and two GTs on the aft side therefore we have

E Ships of Delhi/Kolkata period = 2xM1Cp(1)T1 + 2xM2Cp(2)T2  (5)

                              
Estimation of secondary cool air entering in to the funnel 

Volume= ApVp  + AsVs + AfVf + AaVa 
       (6)
Where Ai = Total area of louvers on a given side 

and, Vi = Total volume of louvers on a given side
i= P, S, F and A

Here subscripts P = Port Side i.e left side of the funnel

S = Starboard Side i.e right side of the funnel

F = Front Side of the funnel

            A = Aft Side i.e. back side of the funnel

17. The mixing of hot exhaust and cold ambient air occurs inside the funnel leading to drop in temperature of hot exhaust gas from around 350 deg C within exhaust pipe to about 200 deg C at exit of funnel in the Russian design. The drop in temperature is predominantly due to:-

(a) Temperature drop of exhaust gas due to mixing with cool air
(b) Temperature drop due to expansion in the funnel

18. Making mathematical simulation of the same extremely complex and hence, use of engineering tools such as Computational Fluid Dynamics is used. 
19. Structural Study.   Talwar Class (R) of Ships  consist of two Cruise GTs and two Boost GTs whereas Ships of Delhi Class consist of four GTs two in the front engine room and two in the aft engine room, all of which are of approximately equal capacity. The exhaust from these engines comes through exhaust pipes which are well lagged so as to avoid heat dissipation to the engine room and other compartments through which it passes. The exhaust pipes reach the funnel deck located in the superstructure. In funnel deck, the exhaust pipes of the engines are surrounded by two layered funnel walls. 
(a) Western and Russian Design Funnels. The arrangement of exhaust pipes in the western design funnels is completely different from the Russian design. While the exhaust pipes of each engine extends till the funnel top in the western design, onboard Russian design funnels, pipes from each engine terminate at about 1 meter above weather deck, the funnel walls raise to a height of approximately 08 meters above the weather deck. The region above the pipes acts as a mixing chamber where hot exhaust gases from engine mix with each other and cold ambient air drawn from the surroundings. Towards this, each funnel is provided with number of louvers to suck cool ambient air from outside into the funnel while the ship is in motion to cool the exhaust plume and funnel walls. Each class of ship is provided with different number of louvers and their dimensions are also different to meet cooling requirements. While the western design has a single funnel wall, Russian design consists of two walls in the funnel structure. The outer funnel is generally not a source of IR signature because in the western design, lagging on the exhaust pipes prevents heating of the funnel metal whereas in Russian design cool air circulating between inner and outer funnel does the same job. Thus, the main source of IR signature is the internals of the funnel and exhaust pipe, which is at a very high temperature.  Therefore from IR point of view following are relevant:-
(i)     No of GTs & GTGs per funnel
(ii)    Distance of funnel from each wall

(iii)    Area of louvers through which cool air enters

(iv)    Arrangement of inner & outer walls of funnel
Structural analysis has been carried for the ships of Delhi Class and Talwar Class (R) of Ships with respect to the above aspects and findings are presented in subsequent paragraphs:-
(i)    Talwar Class (R) of Ships
(aa)   No of GTs & GTGs per funnel. Talwar Class (R) of Ships  consist of two cruise GTs and two boost GTs. Exhaust funnels of all the four GTs are enclosed in a single funnel in this class. 
 (ab)  Arrangement of funnel from each wall.  The exhaust funnels of all the four GTs are symmetrically spaced in the funnel deck compartment in Talwar Class (R) of Ships.
(ac)    Area of louvers through which cool air enters. In Talwar Class (R) of Ships, louvers are present in all three sides of the funnel but not present in the aft side. Moreover the louvers below the funnel deck only aid in cooling the exhaust plume from the funnels as the louvers present above the funnel deck aid in cooling the outer funnel wall since the top funnel gap between the inner and outer funnel wall is closed.
(ad)   Arrangement of inner & outer walls of funnel.   The funnel inner and outer walls in Talwar Class (R) of Ships are open at the bottom end and are closed at the top. 
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Fig. 3  Top view of Talwar Class (R) of Ships -Funnel top          
(ii)
Ships of Delhi Class.

(aa)
No of GTs & GTGs per funnel.   Ships of Delhi Class consist of four GTs. Two GTs are located towards the front part of the ship and their exhaust funnels are enclosed in a single funnel. Similarly the other two GTs are located towards the aft part of the ship and their exhaust funnels are enclosed in a single funnel.
(ab)
Distance of Funnel from each Wall.
In Ships of Delhi Class, the GT exhaust funnels are not placed symmetrically as in Talwar Class (R) of Ships. The exhaust funnels are placed eccentrically and therefore their distance from each funnel walls are not same.
(ac)
Area of Louvers through which Cool Air Enters.
In ships of Delhi Class, the construction and number of louvers at each side of the funnel wall is different. Moreover, in Talwar Class (R) of Ships louvers are present only in three sides of the funnel but not present in the aft side however in ships of Delhi Class they are present in all the four sides.
(ad)
Arrangement of Inner and Outer Walls of Funnel.
The funnel onboard has an inner and an outer wall as shown below. While the inner wall is about 4.8 meters high from weather deck, the outer extends up to 6.8 meters. Air from louver flows in the annulus region between the two walls and acts as a radiation shield. Though the top inner surfaces of outer wall are exposed directly to exhaust gases, air from annular region which exits inner wall, mixes with hot gases and minimizes effect on exposed surfaces of outer wall.
	
	Talwar Class (R)
	Delhi Class

	No of GTs and GTGs per funnel
	04
	02+02

	Distance of funnel from each wall
	Symmetrically placed
	Asymmetrically placed

	Area of louvers through which cool air enters
	Only 03 sides
	04 Sides

	Arrangement of inner & outer walls of funnel
	Walls are sealed at top
	Walls are open at top. Inner wall ends around 2-2.5 mtrs before reaching funnel top


Table. 2 Comparative Study
20. Thermal Study.
The thermal analysis for the three variants of ships has been carried out under the following headings:-
(a) No. of GTs/ GTGs per Funnel.    The parametric flow data that has been considered for the analysis based on onboard measurements and data extracted through records include the following:-
	
	Mass flow rate (Kg/s)
	Inlet velocity (m/s)
	Inlet Temp (K)
	Density (Kg/m3)

	Gas Turbine of Ships of Delhi Class
	98
	81
	623
	0.58

	GTG Ships of Delhi Class
	13.4
	63
	723
	0.53

	Cruise-Talwar Class (R) of Ships
	-
	-
	-
	-

	Boost- Talwar Class (R) of Ships
	-
	-
	-
	-


Table. 3 Parametric Data for GTs/GTGs

Though exact mass flow rates of Boost and Cruise GTs of Talwar Class (R) of Ships were not available, it is understood that the combined mass flow rate of all four GTs will be in excess of 400 Kg/s whereas exhaust gas mass flow rate of two GTs & two GTGs per funnel of Ships of Delhi Class and is 222.8 Kg/s. Hence, quantity of water required for cooling exhaust gases onboard Talwar class (R) of ships and of ships of Delhi/Kolkata period will be varying widely.

(i)
Talwar Class (R) of Ships: The total thermal energy possessed by the exhaust plume at full load condition in Talwar class of ships is equal to:-  
E Talwar class = 2xMcruzeCp(cruze)Tcruze + 2xMboostCp(boost)T2(boost) = 329.5 M Watts
(ii)    Ships of Delhi Class Period.  The total thermal energy possessed by the exhaust plume of GTs at full load condition is equal to:- 
E Ships of Delhi Class period = 2xM1Cp(1)T1 + 2xM2Cp(2)T2
 = 268.63 M watts

E (Ships of Delhi Class (GTG)) = 43 M Watts

M1=Mass flow rate of gas turbine No-1 (GT)

M2= Mass flow rate of gas turbine No-2(GT)

T1= Exhaust temperature of plume of GT-1

T2= Exhaust temperature of plume of GT-2

CP(1)= Specific heat at T1

CP(2)= Specific heat at T1
(b) Distance of Funnel from each Wall.   
	Parameter
	Talwar Class  (R)
	   Delhi Class

	Dist from fwd wall to nearest GT (cms)
	160
	196

	Dist from port wall to nearest GT (cms)
	190
	93

	Dist from aft wall to nearest GT (cms)
	120
	198

	Dist from stbd wall to nearest GT (cms)
	150
	209


From the above, it can be concluded that since the distances of the funnel walls from the respective GTs in the respective classes of ships is different therefore there is a variation in wall temperature and IR signature in the two classes of ships.
(c) Area of Louvers through which Cool Air Enters.  In Talwar Class (R) only area of louvers below the exhaust funnels are taken in to consideration since the cool air entering the funnel compartment from those louvers are only going to mix with the hot plume while other louvers will only aid in cooling the outer and inner funnel wall. In ships of Delhi Class all areas of louvers are taken in to consideration.
	Parameter
	Talwar Class (R)
	Delhi Class

	Area of louvers through which cool air enters (m2)
	81
	75


(d) Arrangement of inner & outer walls of funnel.   As the exhaust gases move upwards from the tip of the inner pipes towards the top of the main funnel, there is considerable mixing of the hot exhaust gases with ambient air drawn into the funnel through the louvers/windows, thereby gradually reducing the temperature of the exhaust gases towards the top and in turn reducing the infrared signature of the funnel. Thus, as the gases move upwards, the mixing of the flue gases with the cooling ambient air and hence the reduction in the flue gas temperatures is efficient and effective. The main funnel skin temperatures are restricted to near ambient temperatures (30 to 40o C). We can therefore conclude that the exhaust gases coming out of the inner exhaust pipes are not striking the inner casing of the main funnel. As a result the temperature of the inner casing as well as outer casing is considerably low. Also, the presence of a double casing in the upper half of the main funnel with circulation of ambient air in between has played a major role in restricting the skin temperatures of the main funnel to near ambient temperatures. In ships of Delhi Class period similar to Talwar class (R) as the exhaust gases move upwards, there is considerable mixing of the hot exhaust gases with ambient air drawn into the funnel through the louvers/ windows, thereby gradually reducing the temperature of the exhaust gases towards the top. Moreover, in ships of Delhi Class maximum cooling takes place at the funnel top since in this class, the inner wall is about 4.8 meters high from weather deck, whereas the outer extends up to 6.8 meters. Air from louvre flows in the annulus region between the two walls and acts as a radiation shield (as discussed prior).
Conclusion

21. In today’s environment of increasingly sophisticated IR threats, the importance of knowing a ship's signature over a range of operating conditions is very important. Through IR signature suppression, a ship's detectibility can be dramatically reduced, improving its chance of survival. If ships are to maintain their survivability in the future, signature management techniques must evolve with that of the threats.
22. Exhaust plume, duct surfaces, hull and associated surfaces are the three major IR sources in a Naval Ship. A missile can detect this thermal radiation and attack it. For avoiding the ship to become a point target, exhaust gases and duct surfaces are to be cooled to near ambient. This will make the ship appear as an extended target and in turn increase their survivability. A suppression system cools the exhaust duct surfaces by film cooling and plume by mixing of naturally injected ambient air with hot plume.
23. The Indian Navy has identified and followed two different philosophies for suppression of Infrared Signature of exhaust gases, the “Western Philosophy‟ which involves the use of standardized IRSS devices and the “Russian Philosophy‟ which involves suppression of infrared signature of exhaust gases by better intrinsic design of the funnel itself. Russian design documentation is not readily available and also no study being carried out by Indian Navy/ Defence labs on understanding the infrared reduction design philosophy. Hence, the knowledge and expertise on Russian design is very limited.
24. Russian designs are known to be compact and precise with a high degree of standardization. The exhaust funnel design onboard ships fitted with Russian Gas Turbines presents an interesting point in that the vintage class ships have four funnels with a gas turbine each and Ships of Delhi Class have two funnels with two GTs and two GTGs each while Talwar class of Russian ships  have four GTs in one funnel. Further, the exhaust piping of each GT terminates well below the funnel exit in the Russian design, much different from the western/ indigenous design where the exhaust piping of each engine independently extends upto the funnel top. Water injection system in funnel construction is provided in new class but not in the ships of the Delhi Class or the vintage class ships. A detailed analytical, structural and thermal analysis of the exhaust funnels of Talwar class (R) of ships, ships of Delhi Class has been carried out and the differences in each class has been presented in this paper.
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CONCEPTUALISATION AND IN-HOUSE DESIGNING 
OF INNOVATIVE JOUCOMATIC VALVES TEST STAND 

BY NSRY (KOCHI)

Lt Cdr Rejith Sreekumar
1.
Introduction.  Joucomatic valves are basically electro pneumatic direction control valves used in control circuit for prompt starting, stopping and safety operations of the Pielstick engines fitted on board platforms such as Offshore Patrolling Vessels (OPV), Landing Ship Tank (LST) class, Survey and Corvette Class of ships. These valves are mounted on a base plate and connected in a logical order so as to ensure prompt starting, stopping and safety of the main engines. Since these valves are electro-pneumatically operated, any small amount of moisture in pneumatic system causes failure of these valves rendering the main engines non-operational. In such cases, the defect identification on these valves is to be undertaken in a sequential manner, however, the firm had not provided a testing facility for these valves and recommended replacement in case of the valves were suspected to be malfunctioning. 

2.

Problem.  The main difficulty faced w.r.t pneumatic based control system was to identify the defective valve in the control system of Main Engines because of the design issue wherein all these valves are clipped together on a single base plate with control air connections which are intricately embedded in the base plate itself. Hence, the defect identification w.r.t to these valves had always remained a major challenge for the ship and yard. Defect identification/ isolation of these valves is a cumbersome task extending to even a week’s time in some cases. The OEM has not provided any testing facility for these valves and has recommended replacement in case of the valves were suspected to be malfunctioning. However, the replacement of these valves is an expensive affair considering the cost of each valve going upto Rs. 70,000. Further, the availability of these valves in abundance at Material Organisation for undertaking repairs by replacement will also be required to ensure timely defect rectification. Maintaining such a high MSL of the valves also is considered a costly option. To circumvent this, a testing stand of these valves has been indigenously developed at NSRY (Kochi).   

3.

Solution.  The solution to the problem was to assess valve’s functionality individually in test stand. Accordingly, Joucomatic test stand was conceptualised and was developed in-house by yard personnel of NSRY(Koc) as a complete solution to test/ repair critical electro-pneumatic Joucomatic valves. The test stand was designed and fabricated by NSRY(Koc) enabling testing of Joucomatic valves at shop floor/ on-board ship. This test stand mainly consists of base plate which is used for mounting Joucomatic valve and simulating air flow akin to the one fitted on-board ship. Test stand was fabricated and developed at the Yards machine shop in three weeks’ time and is used extensively by MCD section of NSRY(Koc) for undertaking defect identification and defect rectification on Joucomatic valves.
[image: image105.emf][image: image106.emf]
Fig. 1 Fabrication of Test Stand in Progress
4.
Design of Test Stand.  The test stand mainly consist of a base plate which forms the main layer for mounting and simulating air flow akin to the one fitted on board the ship. The Joucomotive is mounted on these base plate and the inlet air connection is provided through a compressed air from the receiver. The solenoid valve is operated through a 24V DC electrical signal as in case of a button start on board the ship. After press button, the spool operates and the outlet air goes in to the pilot for opening starting air of the engine followed by trigger to fuel rack through governor and thus main engines are started. Similarly, the stopping and safety stops are actuated through the Joucomatic valve. This testing can be done at shop floor or onboard the ship itself with this portable stand. Further, any sluggish response form the valve can also be tuned to [image: image107.png]FUEL TANK
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achieve accurate operation. 
Fig. 2 Test Stand and Logic Diagram 

5.
Advantages of Test Stand.  The main benefits which accrue with design is that the stand is portable hence, the testing can be done at shop floor or on-board the ship. Further, following benefits have been accrued by designing and fabrication of Test Stand:-
(a) Sluggish response from the valve can be tuned to achieve accurate operation. 

(b) The test stand is designed to accommodate base plates for all 05 types of pneumatic valves, making it multipurpose test stand. 

(c) Reduces defect identification time by a week and ensures early reliable operational availability of the main engines and ultimately ensuring operational sea worthiness of our warships.
(d) Aids in assessing functionality of valves thereby obviating direct replacement as followed hitherto. Total 76 valves have been tested and tuned on an average saving close to Rs. 50 lakhs to exchequer.
The author is presently serving as AM (Engg) at NSRY (Kochi)
HARNESSING INDIGENOUS MANUFACTURING CAPABILITY

Lt Cdr Vimal

Introduction

1. 
Over the past three decades, the world has witnessed an unprecedented revolution in the field of technology. As a developing nation eager to make its presence felt on the world stage, we have not only accepted but also embraced the relentless pursuit of technological independence and supremacy. Through unstinting efforts of our scientific community, we have pioneered technological revolutions in the field of Aerospace, Nuclear and Information technology at a breakneck speed. Tucked away into a small but niche segment of the nationwide effort at achieving self-sufficiency, is our Navy’s endeavour in seeking complete indigenisation of the warship production capabilities. The Indian Navy’s quest towards fulfilment of the dream of a ‘Blue Water Force’ of international stature and reckoning mandates a sustained and adequately funded indigenisation program.

2. 
It is a commonly accepted notion that a warship is like a floating city, expected to provide amenities to its inhabitants that are essential for sustenance of life at sea and range from the ‘basic and utilitarian’ to the ‘rest and recreational’, albeit to a mitigated extent. Add to it the character defining role of the ability to fight the enemy emphatically and defend itself adequately, a warship thus embowels a vast gamut of varied equipment in the proverbial ‘Belly of the Beast’. Therefore, Naval equipment and systems are inherently technology intensive and require constant supervision, revision and updating to keep pace with the advancement in the Navies of the developed nations. In today’s highly volatile and fickle geo-political world of shaky alliances, it is difficult to distinguish a ‘friend’ from a ‘foe’. Technological dependence on a seemingly ‘good friend’ can be the perfect recipe for self-inflicted disaster should the ‘friend’ befriend your ‘foe’.

Overdependence on DRDO for R&D

3. 
At present, our Navy is in the progress of acquiring platforms at a rapid pace. The newly commissioned ships range from being built in Indian Shipyards to being acquired from Western/ Eastern countries either as new or as second commission units. Though in the past we have been predominantly dependent on Russia for our Naval assets, we have recently sought to identify other potential sources of supply, case in point being the acquisition of Jalashwa from the US Navy and the Deepak Class of ships from Fincantieri, Italy. It is also a commonly known fact that the majority of our weapon systems are sourced from either Russia or Israel. In the same breath, it would be safe to say that the term “Indigenous warship production” is a misnomer for while the ships are being built in India, it is essentially only the warship construction material which is completely indigenised. This has resulted in fait-accompli situation in which the Navy is dependent on the import and consequent after sales support of the OEM which may or may not be readily available at hand during exigencies. This has also resulted in a vast and varied naval inventory which is becoming increasingly difficult to monitor and maintain at our Material Organisations. Having dwelled adequately on the inescapable requirement of indigenisation in warship technology, let us now discuss measures to inculcate synergy amongst potential role players in the indigenisation process for Naval warships.

4. 
In the present scenario, as far as defence equipment/ systems R&D activities are concerned, we have put all our eggs in one basket, and the basket is apparently riddled with holes. Due to the sub-optimal performance of the existing R&D set up wherein the perennial gap between the demand and supply has never been adequately bridged, it is pertinent to acknowledge the role required to be played by the country’s home grown industry and premier academic institutions. This philosophy is also in consonance with our Honourable Prime Minister’s vision of “Make in India”. In so far, the national policy makers have shown reluctance towards roping in the private sector in the Research and Development of defence equipment. The DRDO is still mandated with this critical aspect that shapes and defines our nation’s defence prowess. However, it is high time that we look to harness the potent wherewithal of the private industry in the field of defence R&D. It can be easily gleamed with a cursory glance at the defence production set up of the developed nations, that the participation of the private industry fosters a fiercely competitive spirit with the biggest and most capable conglomerates vying for a major chunk of the colloquial ‘fat defence production pie’. In a nutshell, we must acknowledge that if the superpowers are willing to lay their bets regarding their national security on private players, then so must we.

Participation of Private Industry in Defence R&D

5. 
The success of the indigenously developed Mars Orbital Mission is enough proof of the nation’s technical competence. A major fact contributing to the success and timely completion of the mission is that many sub-assemblies and parts were outsourced to private companies including MSME (Micro, Small and Medium Enterprises). This resulted in a synergy that saved time, money and effort and precluded inordinate time delays through over dependence on foreign support for basic and advanced components alike.

6. 
It is pertinent to acknowledge that in yesteryears, there was a perceived trust deficit in the capability of our private industry in churning out technologically superior products. On the same hand, the industry too had not put in sufficient efforts to assimilate technology from licensed defence equipment and leapfrog to the contemporary state of the art. However, the era of globalisation in the 90’s heralded an unprecedented growth in the technological advancement of the country. The private players and the PSUs were shaken out of their stupor in the wake of the sweeping foreign competition for a chunk of the Indian consumerism. They were forced to compete by way of greater impetus on R&D activities. It is not an exaggeration to state that the Indian production houses like Tata Sons, Mahindra and Mahindra and L&T are capable of rubbing shoulders with the best in the world. It is high time that faith be reposed in their capabilities.

7. 
Whilst it is easy to proclaim the inescapable requirement of industry’s involvement in defence R&D / Production activities, let us for a moment dwell on the bottlenecks which are a stumbling block to having a deeper and wider participation of the private players. Inherent complexities and time delays in the defence procurement procedure (DPP) are the major contributing factors leading to reluctance in participation. The least bidder concept precludes the possibility of establishing and fostering strong bonds with the preferred and trustworthy OEMs. However, it is highly unlikely that the DPP can be amended to usher in a certain degree of relaxation regarding choice of ‘Vendor’. Nonetheless, the following measures may be explored to encourage participation of private industry:-

(a) 
Whilst expecting the private players to invest heavily on R&D activities based on our specifications, due consideration needs to be given on the meaningful financial gains that they would expect. It is pertinent to place orders for larger quantities of indiginised equipment through careful planning of the envisaged ship fit equipment at the design stage for ships of similar or follow on classes. Such a measure would serve a dual purpose of reduction in variety of IN equipment inventory leading to better spares/ refit management and inter-changeability.

(b) 
Introduction of special schemes and lucrative incentives to rope in wider participation of the industry needs to be carefully looked in by the government. For instance, allocation of land to them for defence related production in SEZs, low/ nil taxation, provision of cheaper basic amenities like electricity, water etc.
(c) 
Provision for overseas sales of developed products, albeit with stringent checks and balances on the sale of equipment/ transfer of technology (ToT) regulated by the prevalent Foreign Policy and security scenario with the buyer nation. This point can be well illustrated with the humongous role played by companies like Lockheed Martin, General Electric Boeing, Northrop Grumman, IAI, BAE, Dassault, Thales, etc. to name a few, in the development of their nation’s defence infrastructure and therein the economies.
(d) 
Assurance and guarantees to the OEMs on placement of further orders, contractual after sales support, life cycle management costs and scope for acceptance and integration of technology upgrades for products proven in the field.

Role of Academia

8. 
There is also a perceived reluctance of the academia of leading technical institutions in association with defence R&D primarily due to lack of thrust and project funding. The premier academic institutions should be encouraged to take up research based projects pertaining to technology alternates and derivatives based on requirements of the Navy. The set up for such an envisaged partnership is already in place by way of technical officers undergoing the prestigious M Tech programme at various IITs, NIITs, and IISC. However, this association has never taken the leap from its nascent dwellings into a solid and trusted partnership. It is imperative that measures be instituted to cement a solid bond between the Navy and the academia and utilise their valuable expertise in R&D activities for development of potent and indigenous Naval equipment and systems. Special awards of merit and financial bonuses need to be institutionalised to capture the interest of the country’s brightest. While in no way is it being suggested that the nation’s R&D set up requires a revamp, it is nonetheless imperative that a major part of the R&D funding is diverted towards harnessing the potential of the leading academic institutions and promoting their greater participation in the Defence R&D/ Production activities.

Encouraging Synergy Amongst the PSUs

9. 
Lack of synergy amongst the various government organisations involved in R&D is also a major contributing factor to the failure of the state’s R&D machinery. For example, though the era of the Gas Turbines was ushered into our Navy in the 70’s with the induction of Petya Class procured from the erstwhile USSR, we still haven’t proven the field tests of the Kaveri Marine Gas Turbine engine. At the point of the inception of GTRE, it was envisaged that the Kaveri engine would power the SNFs and replace the existing M3E engines. Unfortunately, the field tests are far from reaching the stage of successful culmination. This is a glaring example of a doctrinal failure of the government’s policy on shutting the doors on private participation in projects of strategic importance. This could have been avoided if there had been synergy amongst the various governmental R&D organisations irrespective of the sphere of influence. One cannot help but wonder that if ISRO was able to successfully develop heat shield materials capable of withstanding similar if not higher temperature ranges as encountered in the gas turbine, then sharing of expertise and knowhow between the two organisations would have perhaps facilitated the availability of the Kaveri engine by now.

Relook at the Procurement Policy

10. 
The Kelkar committee on review of Defence procurement procedure has recommended an integrated approach involving users, Ministry of Defence and the industry. The committee recommended that DRDO should concentrate on projects requiring sophisticated technology of strategic, complex and security sensitive nature. However, R&D for high end technology that is not security sensitive should be outsourced to the private sector with shared costs. The ‘Defence Offsets Policy’ of the Government of India where a foreign vendor has to mandatorily procure 30% of his order value from Indian sources, is expected to provide a much needed opportunist boost to the country’s indigenisation program. However, lack of clarity in the rules and the implementation of offset guidelines have been impediments in the successful establishment of PSU-Private partnerships. This issue needs urgent redressal by the appropriate authorities.

Foreign Direct Investment

11. 
The incumbent Government took a bold step in hiking the Foreign Direct Investment (FDI) in the defence sector from 26% to 49% in Aug 2014. The government has also made FDI in defence one of its central pillars to build a strong defence industrial base under the ‘Make in India’ policy. The nation’s Armed Forces are currently in a strategically vulnerable position due to the import of 65% of its hardware and software requirements. It maybe early days yet, but trends indicate that global armament majors don’t seem much enthused about the 49% FDI cap. It is definitely a step in the right direction but may not be sufficient as companies would probably be reluctant in setting up base in the country or transfer crucial technologies without complete or at least partial management control of the joint ventures (JV). At per extant regulations, the applicant company seeking permission for FDI upto 49% should be an Indian company owned and controlled by resident Indian citizens. A resident Indian citizen should also be the chief security officer of the joint venture which will undergo external security audits by intelligence agencies once in two years and cyber security audit once every year. However, this policy may require a relook and considered relaxation if the slow trend of foreign participation continues. The flip side to this endeavour is that once a higher FDI is committed to foreign companies, it will remain to be seen if the companies actually bring in cutting edge technology since most are governed by the Armament Sale Control laws of their own countries.

The Nation’s Indigenisation Programme

12. 
Whilst it is easy to be a critic, it would only be fair to acknowledge the headway made in the indigenisation program in the past few years. Without going into the specifics due to the secret nature of the project, the efforts of a leading Indian conglomerate in the near successful completion of the country’s ‘Nuclear Triad’ deserve special mention. Kudos is also in order for successful indigenisation efforts pan the Marine Engineering equipment in the Navy. From the Main Boilers, Diesel Engines (for Propulsion and Power Generation alike), Reverse Osmosis Plants, Centrifuges, Refrigeration and Air Conditioning Plants to basic engineering components like Valves and Pumps, we have witnessed a fair degree of healthy competition amongst the private players as regards to the product support to the Navy. The thrust area however, needs to be in the fields of Controls, Instrumentation, Weapons and Sensors.

13. 
Whilst arriving at the Statement of Technical Requirements (SOTRs) for the indigenisation of equipment, it is imperative to consider the following general factors:-

(a) 
Assessing the capability of the prospective OEMs from the local pool in delivering the desired product.

(b) 
Technology envisaged to be inducted must be a step ahead of the contemporary to cater for the long timelines involved in developing a finished product that sometimes renders the product outdated at its very point of inception into the Naval platforms.

(c) 
Long term supportability and spares and maintenance support of the prospective OEMs.

(d) 
Reliability and maintainability based on previous operating experience of products developed by the OEMs and inducted into the Navy.

(e) 
Feasibility of installation and interface with existing onboard equipment/ systems in the case of development of replacements for legacy systems.

(f) 
Standardisation in the Indian Naval inventory for better resource management at the Material Organisations.

(g) 
Induction pattern and anticipated population of the proposed new equipment in the navy.

(h) 
Periodicity of routines and overhauls.

(j) 
Financial implications and lifetime support cost.

Indigenisation in Marine Main Propulsion

14.
The Indian Navy has attained a certain degree of Quasi-Indigenisation in the field of Diesel Engine main propulsion. Major global Diesel Engine manufacturers like M/s Cummins, M/s Wartsila and M/s MAN Pielstick have set up shop in India which caters for manufacturing and after sales support i.r.o. Diesel engines for the South East Asia region and beyond in certain cases. Other Global leaders like M/s MTU and M/s Caterpillar have also established their presence in the country, albeit to a lesser extent which only caters for import sales and service support. In the same basket, is our home grown engine manufacturer M/s Kirloskar Oil Engines Ltd, which through a history of long association with M/s Pielstick, has now acquired the required expertise and self-reliance in making World class Diesel Engines. Therefore, it is safe to assume that Main Propulsion product support for future induction Diesel ships is available within the country.

15.
Gas Turbine Main Propulsion, on the other hand, is a different story altogether. Needless to say, we are a considerable distance away from achieving indigenisation.  The failure of our indigenisation efforts have already been brought out at Para 9 above. The Gas Turbines are also prime movers for the aircraft of the other two sister services. Indeed, the Kaveri Marine Gas Turbine project was an offshoot of the LCA Tejas project. However, the LCA Tejas has now been fitted with GE engines post the failure of the only serious effort in the indigenisation of Gas Turbines. Nonetheless, without losing heart, it must be the endeavour of the MoD to put in concerted efforts in reviving the flagging project at GTRE due to the inescapable requirement of Gas turbine technology for the three services. Perhaps it is the need of the hour to set up a separate committee at the MoD level to monitor and review the future progress of the project. The various other measures suggested in preceding paragraphs to provide a stimulus to indigenisation efforts are as relevant, if not more, in this project.

16.
Advanced sources of Marine Propulsion like Waterjet propulsion, Air Independent Propulsion (AIP) and Electric propulsion have a very limited role to play in our nation’s maritime requirements. Indeed, the nature of their role limts their use to the very niche and limited market of Indian Naval Marine propulsion. Accordingly, it would be pointless to push for indigenisation in these fields through participation of the private industry since there would be no takers for the limited gains they bring. The only way to achieve self-reliance here is through the well-established DRDO set up. The technology, metallurgy and design parameters are available in open source literature and not too complicated to reproduce. NMRL, Ambernath is already at an advanced stage in the design and subsequent production of ‘Fuel Cell Technology’ ordained for propelling the future induction AIP based submarines. Concerted efforts are also underway at IHQ MoD(N)/ DME for the induction of ‘Integrated Full Electric Propulsion’ for major combatants in the foreseeable future. The Waterjet propulsion has already been inducted into the Indian Navy on smaller displacement platforms. The support available from the primary OEM M/s Hamilton is understandably satisfactory and it is envisaged that status quo will be maintained view limited requirement of this type of propulsion. 

17.
The area of Main Propulsion Controls is not a concern with sufficient expertise available in our country to design robust and evolved systems as per required level of complexities and specifications. Indeed, if we are capable of designing complex control systems for ‘Missions to Mars’, we are certainly capable of designing controls for ‘Propelling Ships in our own Seas’. 

Conclusion

18. 
To sum it up, it is pertinent that the appropriate authorities institutionalize lucrative schemes and facilitative procedures to capture the interest of the private players both resident as well as foreign. Leading academicians of the country need to be roped in through profitable offers of societal recognition and suitable financial remuneration. Last but not the least, the existing R&D set up needs a facelift with higher transparency; target oriented approach and punitive actions for unaccounted delays in meeting developmental/ production timelines. Only then can we hope to be a self-reliant nation and a force to be reckoned with as a Global defence powerhouse.

The author is presently serving as JMMER at ND (Mbi)
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CFD ANALYSIS OF GAS TURBINE COMBUSTION CHAMBER
SLt Faraaz Ahmed, SLt Aditya Chary, SLt Ankit Ojha
Introduction.

1. Combustion is the oldest technology of mankind, and has been used for more than one million years. About 90% of the worldwide energy support (automotive power, electrical power generation, heating, etc.,) is provided by combustion. In combustion processes, fuel and oxidizer are mixed and burned. There exist several combustion categories based on whether the fuel and oxidizer is mixed first and burned later (premixed) or whether combustion and mixing occur simultaneously (non-premixed).  A premixed flame is said to be stoichiometric, (equivalence ratio, Φ=1), if fuel (e.g., hydrocarbon) and oxidizer (e.g., oxygen O2) consume each other completely, forming only carbon dioxide (CO2) and water (H2O). If there is an excess fuel, the system is called fuel-rich (Φ>1), and if there is an excess of oxygen, it is called fuel lean (Φ<1). The study conducted here is to identify the correct stoichiometric ratio at operating pressure and flow rate for achieving a stable flame inside the flame tube.
2. The purpose of combustion of a fuel is to release energy in terms of heat. Larger the need for power, more the rate of fuel burnt, more is the rate of oxidizer demand to support combustion. The higher flow rates of fuel and oxidizer in combustion gives higher power to weight ratio of the combustion system and allows compactness. A flame needs to be anchored at a physical location to sustain combustion. As the exit velocity of a burner is increased, the flame tends to lift from its base assuming a new anchoring position. The distance between the burner port and the base of the flame is called the lift-off height. At sufficiently high burner exit velocities, the lift-off height reaches a limit where the flame is said to blow-out. A basic requirement of all gas turbine combustors is that the flame stays lighted over a wide range of operating conditions including the transient states of rapid acceleration and deceleration. Efficient combustion must be maintained in highly turbulent air streams flowing at velocities that greatly exceed the normal burning velocity of the fuel. A typical gas turbine combustion chamber as shown in Fig 1.1 consists of an air casing, diffuser, swirler, fuel injector and liner with wall jet holes. The combustor is designed to mix fuel with air at elevated pressure and temperature, to both establish and sustain a stable continuous combustion reaction, and to mix the products of combustion to establish the desired exhaust temperature profile within the material constraints of the turbine blades. The combustor processes are, as a result, a complex combination of fluid mixing, chemical kinetics and heat transfer.   
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Fig.1
Annotated Gas Turbine combustor
3. The fundamental requirements for combustor design have sustained throughout the evolution of combustor technology. In particular, five basic features are integral to the combustor design; a primary zone, intermediate or secondary zone, a dilution zone, various wall jets, and the management of heat transfer at the combustor boundary. About 25% of the total air flows through the swirler, and the remaining through the outer housing and the wall jets. The swirler induces a tangential velocity component to the flow which along with the axial and radial components creates a swirling flow. The atomized fuel is supplied from the center. The swirler aids in mixing of fuel and air and also creates a pressure deficit at the center line. The low pressure at the center line entrains the hot products from downstream, thereby maintaining a recirculation zone. The primary wall jets on the combustor liner bring closure to this recirculation zone. The dilution holes aid in achieving the desired exit temperatures of combustion products by mixing relatively cold air into the hot stream. The stability of a gas turbine combustor is determined by carrying out a series of extinction tests at constant, air temperature and pressure. With the fuel flowing and the mixture ignited, the fuel flow is gradually reduced until flame extinction occurs. After the fuel flow and air flow at this weak extinction limit are noted, combustion is reestablished; then the fuel flow is slowly increased until rich extinction occurs. This process is repeated at increasing levels of air mass flow until the complete stability loop can be drawn. Figure 1.2 illustrates the main features of a stability loop obtained by this technique. The region of stable burning is bounded by rich and weak limits that gradually converge with increasing flow rate, until eventually a level of mass flow is reached beyond which combustion is unattainable at any fuel/air ratio.
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 Fig. 2 Illustrative Combustion Stability curve
4. Through this paper an effort is put forward to carry out CFD Analysis on 1241 RE class cruise GT Flame tube. Further it is taken a step ahead by simulating multiple test cases in order to establish the flame stability loop.

5. 3D Model.
The dimensions of the flame tube of 1241 RE are extracted from its technical document. The 3D model is designed in Dassault Systemes Solidworks 2017 CAD software with up to double decimal digit precision. The model is divided into 3 parts viz. swirler main part, swirler body part and flame tube main section. For practical implications, the flame tube is interleaved inside a test section which has also been incorporated in the model design.
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Fig. 3    Flame Tube Cut Section
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     Fig. 4 Front View

Fig. 5 Top View
CFD Modeling

6. Fluid Domain.
ANSYS® Design Modeler   is used to extract fluid domain out of fully assembled 3D structural model consisting flame tube interleaved into a test section. 
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Fig. 6
Flame Tube inside Test Section

7. Meshing.
The fluid domain is meshed in ANSYS© 18.2 ICFD meshing module using unstructured tetrahedral volume mesh. Proximity and curvature advanced sizing function are utilized with fine relevance center and high smoothing. The assembly mesh obtained has a total of ~16 million elements and the orthogonal quality and the skewness ratio was found to be exemplary.
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Fig. 7
Meshing
8. Boundary Conditions.
Following boundary conditions are specified :

	Name
	Type
	Gauge pressure (KPa)
	Temperature (K)
	Remarks

	Main Air Inlet
	Mass flow inlet
	160
	373
	ṁ=1.4 kg/s

	Outlet
	Pressure outlet
	0
	300
	


Table 1 Boundary conditions
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Fig. 8 Specifying Boundary Condition

Solution Setup.


9. Models.
k-ε Realizable Turbulence Model with Standard Wall Functions is used. Energy Equation is turned on for temperature calculations. Species transport with finite rate eddy dissipation model is used to model multiple simultaneous chemical reactions occurring in the bulk phase. Discrete Phase model is selected in which the fluid phase is treated as a continuum by solving the N-S equations, while the dispersed phase is solved by tracking a large number of particles or droplets through the calculated flow field. The dispersed phase can exchange momentum, mass, and energy with the fluid phase.

10. Burner specifications.

Due to the extreme complexity of the burner geometry, the burner is virtually defined and is considered as a point geometry. The injection point is chosen as a hollow cone injector, which means the particle stream arising out of it would be of hollow cone type.
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Fig. 9
Virtual Injector & its Direction Vectors

[image: image38.png]



Fig. 10
 Cone Injector Geometry

	Property
	Value

	Fuel
	Diesel

	Particle type
	Droplets

	Evaporating species
	C10H22

	Mass flow rate
	0.0321 Kg/s

	Diameter
	1e-06 m

	Half Cone Angle (α)
	300



Table. 2   Injection Point Specifications
11. Solver preferences.

Analysis is carried out in ANSYS FLUENT 18.2. Pressure Velocity Coupling Scheme- SIMPLE: The SIMPLE algorithm is used to enforce mass conservation and to obtain the pressure field. Second order method has been used for spatial discretization of density, momentum, turbulent kinetic energy as well as all the species. Second order method has been enforced for pressure calculations too.

12. Calculations.

Convergence is achieved in approximately 10,000 iterations. The same is carried out on Intel® core i7 TM based workstation. It took a computational time of roughly 100 hours. The most advanced methods were put into task such as the use of parallel processing for solution calculation.
Results and Discussions
13. It is observed that the fine meshing has been able to capture the intricate details of the complex flame tube geometry, resulting in an accurate fluid domain. The side plane effectively captures the details of flow near the swirler, primary holes, secondary holes, dilution holes and cooling holes. Fig. 10 shows the pressure contours inside the flame tube.
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Fig. 10
Pressure Contour

14. The velocity contour (Fig 11) shows the variation of velocity throughout the flame tube. The velocity is reduced to a value which favours the combustion by the diffuser action of the initial flame tube geometry. The flow field shows that the desired recirculation zone is formed downstream of the swirler. The velocity increases in the flow domain along its length and reaches its maximum value at the exit plane of the nozzle.
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Fig. 11 Velocity Contour

15. The static pressure as can be seen from the obtained result (Fig 12), decreases along the length of the flame tube and the exhaust manifold. The maximum pressure is achieved near the burner and minimum at the exhaust.
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Fig. 11
Static Pressure Contour

16. Density is a function of temperature. During combustion, as hot gases are produced, temperature increases downstream of the flame tube and thus the density decreases. The density contour obtained (Fig 12) indicates the variation of density with the propagation of hot gases inside the flame tube.
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Fig. 12 Density Contour

17. The variation of temperature is indicated in the temperature contour. The maximum temperature is obtained at the point where the flame is anchored and decreases downstream. Minimum temperature inside the flame tube is obtained in the region of fuel injection. The dilution holes aid in achieving the desired exit temperatures of combustion products by mixing relatively cold air into the hot stream. It is also evident that the boundary of the flame tube is at lower temperature as compared to the core region due to the cooling air layer formed at the boundary surface.
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Fig. 13 Temperature Contour
18. As combustion takes place more and more amount of oxygen is consumed for the process. It is seen from the oxygen mass fraction contour, the maximum oxygen by mass is in the test section outside the combustion domain. Decrease in oxygen mass downstream the flame tube suggests the flame stabilization in this region. The oxygen mass drops down to minimum level near the exhaust where most of the fuel is already burnt.
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Fig 13 Oxygen mass fraction contour
19. The swirler design parameters selected for the present model precisely depicts the recirculation zone as shown in the turbulence intensity contour. The exact location and the area of the recirculation zone depends upon the swirler specification vis-à-vis vane angle, no. of vanes and other geometrical features. For the present study the recirculation zone created suffices for flame anchoring during combustion.
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Fig. 14 Turbulence Intensity Contour

20. Stability Loop.
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Fig. 15   Stability Loop (Dataset 1)
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Fig. 16 Stability Loop (Dataset 2)  Fig. 17 Stability Loop (Dataset 3)
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Fig. 18 Combined Stability Loop

Conclusion
21. Flow pattern in the full-scale model gas turbine can combustor both cold and hot-combusting has been successfully simulated and found to be in agreement with the experimental and CFD results obtained by Dr. Venkatraman Shankar and his team at and his team at the CFD Group(Gas Turbine and Combustion) at GTRE, Bengaluru. The analysis being a full scale one, becomes one of the very few incorporating all details and fine refinements of a real combustor.  

22. A reasonable match is found between the experimental results and numerical results suggesting the extent of accuracy of the numerical methodology. The parameters studied were – temperature profile, velocity profile and pressure profile.

23. CFD results for various cases as per extinction tests in order to obtain the stability loop were obtained.
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MESC STAFF STUDENT PROJECTS
1. Staff-Student Projects are a vital aspect of the curriculum for the Officers undergoing Marine Engineering Specialisation Course (MESC). The under trainee officers are encouraged to apply their knowledge and skills into practical applications and undertake technically challenging projects. Emphasizing on the engineering aspects and research areas currently in vogue that could be useful for the Indian Navy is the main aim behind this exercise. Selected projects are sent for field trials at Naval Dockyards and Fleet Ships.

2. A brief on Staff – Student Projects undertaken by the Officers of MESC 60.084, is enumerated in the succeeding paragraphs.
ANALYSIS OF GAS TURBINE EXHAUST AND STUDY OF COMBUSTION CHARACTERISTICS OF GAS TURBINE ENGINES

-Lt Cdr Mahesh Yadav
3. Introduction.
 With Gas Turbines evolving as the major mode of propulsion for most frontline warships of Indian Navy, there is consequently a need for indigenisation of Gas Turbine propulsion/ components. Study and analysis of combustion characteristics in a Gas Turbine is therefore a step in the right direction.

4. Aim.   The aim of the project is to setup a training facility to study and analyse the combustion process in a combustion chamber of a Gas Turbine engine. The scope of this project involved designing and fabrication of a suitable combustion chamber and integrating it with systems involved i.e. the air from air reservoir, the fuel system and the exhaust system. The design involved amalgamation of concepts of marine engineering, combustion, flame chemistry and flame stabilisation. The project was intended to be undertaken in two Phases :-

(a) Phase I.  Phase I of the project is presently under progress. In Phase I of the project, an experimental setup was installed at EPCT school, which included fitment of a 7000 ltr air reservoir to supply intake air to the experimental setup which consisted of a designed combustion chamber fitted with starting and main fuel system pipelines. Also, an igniter unit was used for the initial combustion of starting fuel in the combustion chamber. 

(b) Phase II.   In Phase II of the project, a dedicated air compressor will be installed near the experimental setup and the experimental setup will be integrated with a PLC based control system for auto starting as in case of Gas Turbines fitted onboard. Financial case has been initiated for execution of Phase II of this project and final sanction is expected to be accorded by end May 19.

5. Work Undertaken. To progress in Phase I of the project MESC  60.084 student officers undertook following tasks on existing experimental setup at EPCT School, INS Shivaji :- 


(a)
Undertook integrity checks of air, fuel and ignition system of existing setup and rectified all defects. Also, calibration of instrumentation fitted was undertaken to ensure reliable readings during trials.

(b)
35 Thermocouples fitted on setup to measure exhaust temperature were connected to data logger (borrowed from IIT, Powai) and extensive manual trials were undertaken by student officers ensuring all safety aspects and fuel, air flow rates were noted to obtain stable zone of combustion. The same was compared with stoichiometric air fuel curve of LSHSD for stable combustion.

6. Construction and Working.
The construction of experimental setup at INS Shivaji envisaged as a part of Phase I is as per P & I Diagaram placed at Fig 1.

Fig. 1 Proposed P& I Diagram
7. End Result.   A smokeless flame was observed in the combustion chamber. When smokeless flame was not observed, air flow rate and fuel flow rate were adjusted to sustain the combustion and to ensure no blowout of flame outside flame tube. Data obtained after trials were documented for further analysis.

Fig. 2 Sustained combustion inside Flame Tube during trials
8. Advantages.  The advantages of the experimental study and analysis  has the following advantages:-

(a)
The study will clarify the concepts of Combustion in Gas Turbine Combustion Chamber. The fundamental requirements for combustor design can be understood.

(b)
The phenomenon of sustained combustion is based on the important concept of “Flame Stabilisation” which can be practically studied by this experiment  

(c)
With gas turbines coming as the major mode of propulsion for all frontline warships of Indian Navy, this project will help the present and the future marine engineers of the Indian Navy to find a path towards the indigenisation of gas turbine propulsion.

9. Future Scope.   Future of the project would be an extensive study of temperatures at varying flow rates and pressures of air and fuel. This would include undertaking modifications in the system components based on the above experiments in order to design a PLC based system for fully automatic operation of the setup. A detailed analysis would then be carried out to design a combustion chamber of Gas Turbines.
PORTABLE AND WIRELESS SOS ALARM SYSTEM

-Dy Cmdt. Navneet

10. Alarm Indicators are a very simple and important user interface for many control tasks, and are known to be non-problematic. Keeping the recent incidents and casualties recorded in the past, a need for designing and developing a portable wireless alarm system has emerged. The aim of the project hence was to design and develop a portable wireless embedded system based push button alarm system using RF transreceiver.

11. Work Undertaken. As part of the project study, the following tasks were undertaken for designing the prototype model.


(a)
Design of transmitter and receiver circuit.

(b)
Programming of Arduino and RFID tags of EM module.
(c)
Assembling of Tx and Rx circuit with arduino and EM module.

(d)
In-house testing and tuning of the transreceiver circuit.

12. Construction. 
(a)
Transmitting System. Transmitting system consists of a battery monitoring circuit, switching circuit, Arduino Uno, RFID (EM 18 module) and transmitter circuit.

(b)
Receiving System.
The receiver system consists of a receiver circuit, Arduino Mega, 7-segment display, relay (driver) circuit, hooter cum flasher and a transmitter circuit.
13. Working.
(a) Transmitter System.
When the watch keeper enters the compartment, the RFID tags get sensed by the EM module which is on the transmitter system. If there is an emergency, the watch keeper presses the panic button. When the button is pressed for continuously 03 seconds, it triggers the RF waves through the Arduino Uno and transmitter circuit. 
(b) Receiver System.
The RF waves transmitted get received by the receiver circuit. These are then decoded and passed to Arduino Mega. The Ardunio Mega then controls and operates the 7 segment display and hooter circuit as programmed.
14. End Result. The aim of developing a wireless and portable SOS alarm button system was successfully achieved. Based on the prototype, designing of a surface mounted device which is miniature in size and can be incorporated in a wrist band is aimed for in the next phase of the project.
15. Way Ahead. The present model is a prototype for proof of concept and the future scope is as follows:-
(a) Fabrication of surface mounted device

(b) Integration with IPMS

(c) Incorporation of Heartbeat monitoring system and SPO2 sensor.
PRECISE LIFTING MECHANISM FOR TALWAR CLASS GT CRADLE
-Lt Cdr ASK Reddy

16. Introduction.
The Talwar class guided missile ASW Frigates are stealth platforms, which are fitted with a GT cradle mounted using SV mounts in the Forward Engine Room (FER). The cradle supports various propulsion machinery of the FER which includes two cruise GTs, two Cruise RGs, one CRGA and lub oil tank. The total weight of the cradle along with all the engineering propulsion machinery is 70 tons. The shock and vibration mounts which are bearing the load of the cradle and its components are to be replaced on expiry of service life.
17. Aim.
The aim of this project is to design and develop a precise lifting mechanism for Talwar Class GT cradle in order to replace the shock and vibration mounts. There are 96 shock and vibration mounts arranged in three layers at either end (forward/aft) between the cradle and bulkhead. Guaranteed service life of shock absorbers from the moment of commissioning (excluding storage time) is 10 years.
18. The replacement procedure provided by OEM is manual, involving lifting of cradle using hydraulic jack at each support. This procedure is cumbersome and prone to misalignment. The project aims at developing a computer aided procedure for replacement of these mounts. All four jacks would be integrated together and centrally controlled and monitored using PLC. This would eliminate all possible errors while lifting and lowering of the cradle. At present, the working model of cradle has been developed which can be lifted using screw jacks. The trials of the scaled down model are successful.
19. Work Undertaken.
Following studies were undertaken as part of the project:-

(a) A detailed study was undertaken to assess the technical requirements of the setup and it had emerged that the final GT cradle lifting mechanism has to confirm with the following requirements:-

(i)
The setup is to be designed to lift a weight of seventy tons to a height of 2.4mm.
(ii)
The setup is to be rugged and is to lift and lower the weights simultaneously from all the supports using screw jacks ensuring no misalignment.
(iii)
Setup has to be minimal in size so as to fit in the space available between cradle and bilges.
(b) Structural Analysis.
Post successful completion of the prototype design of the PLC based precise lifting mechanism, static structural analysis was to be carried out. This would further determine the capacity, design and location of the screw jacks that would be necessary to carry out the final evolution. The same has been completed using ANSYS at static condition and simulating the various weights of the components. The weights considered for the analysis and the results obtained are illustrated in the figures below.
	Ser
	Components
	Weight (Tonnes)
	Dimensions (m)

	1.
	Cruise GT (DC 71)
	5.1 
	3.06 X 1.53

	2.
	RG (RO-63)
	16
	

	3.
	CRGA
	6
	1.06 X 0.91

	4.
	Lub Oil Tank
	1
	1  X 1.2

	5.
	Auxiliaries
	4
	

	6
	Cradle
	17
	9.2 X 7.1


Table 1. Details of GT Cradle Assembly
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Fig. 3 3D Geometry and Meshing of GT Cradle
(c) Post modelling the cradle and its components the various positions for placement of screw jacks was to be considered. On thorough inspection of the bilges and cradle bottom on INS Talwar the position of existing supports in the shape of frustums was found. On completion of analysis, load carrying capacity of the screw jacks to be placed under the cradle has been frozen upon.

Fig. 4 Existing Structural Fixed Supports positions on cradle
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Fig. 5 Equivalent Stress
20. Way Ahead.
Post completion of structural analysis, keeping in mind a safety factor of 1.25, load carrying capacity of the jacks has been chosen. Market survey has been carried out and the dimensions and weight of the jacks has been identified. Depending on the availability of the right sizes of jacks (if they fit in the space available under the cradle), decision is to be taken to continue either with screw jacks or to move to hydraulic jacks. Further, the right combination of screw jacks/ hydraulic jacks and encoders/ power pack can be procured for the actual project depending on the feasibility of alterations possible by yard onboard the ship.
	Ser
	No of Supports
	Qty of Screw Jacks/ Hydraulic Jacks
	Capacity

	(a)
	04 
	02 on the fwd side
	20 ton

	
	
	02 on the aft side
	30 ton


LEVEL AND TEMPERATURE CONTROL USING PID CONTROLLER ON A TWIN TANK HYBRID SETUP
Lt Cdr Alok Kumar Sahu, Lt Cdr Boby M Mylady
21. Introduction.
 In any process control system, measurement and control of flow, temperature, pressure, rpm and level are considered to be the most vital and comprises the basic building block of any system, which determines the working of that particular system. In the present scenario, temperature, flow, level, pressure and density of a process is generally controlled using Proportional Integral and Derivative (PID) controller which is microcontroller or PLC based. Out of the above mentioned parameters, temperature and level control is difficult to undertake by using ordinary control techniques. PID controller is used in more than 90% of practical control systems ranging from consumer electronics to industrial processes and helps achieve the desired output in a short time with minimal overshoot and little error.

22. Aim.
The aim of the project is to design and develop a twin tank hybrid setup to control temperature and level using a PLC based PID controller and to monitor the respective values along with graphical representation of system parameters on an HMI in a real time basis.
23. Works Undertaken.
 Following works were undertaken towards development of the project:-

(a) Designing a schematic of the hybrid tank setup and determining various factors like capacity of hybrid tanks, sump tank, size of valves, pipes etc.
(b) Selection of instrumentation and control components based on type of measurements to be undertaken, current/ voltage ratings.

(c) Selection of PLC based on the no. of analog/ digital input/ output modules being used in the system.

(d) Development of designed model and fitment of various components.

(e) Integration of PLC with system components and programming PLC as per requirement on ladder logic.

(f) Undertake mathematical modelling of the system to determine transfer function of the system for various experiments and mathematically identify the ideal values of proportional, integral and derivative constants based on set values of system parameters.

(g) Undertake experiment on the system with different conditions and check the equality of value obtained with mathematical values.

24. Conclusion.   The setup was successfully designed developed and tested with various set conditions and multiple trials were taken with different set values of Kp, Ki and Kd. Various system parameters like rise time, delay time, peak overshoot etc. were analysed and found to conform with the respective mathematical values. Presently, the setup is extensively used in SECON wing to undertake practical training to clear trainees’ concept on process control system.
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KALEIDOSCOPE OF TRAINING ACTIVITIES 

UNDERTAKEN AT INS SHIVAJI

1. Training Activities - MESC (60.084).
A total of fifty nine officers successfully completed 79 weeks of Marine Engineering Specialisation Course on 30 Dec 17 which included thirty six IN officers, seven officers of Coast Guard and 16 International student officers (14 from Sri Lanka and 02 from Myanmar). The Passing Out Parade was held on 06 Jan 18 and the parade was reviewed by Vice Admiral DM Deshpande, AVSM, VSM, Controller of Warship Production and Acquistion. The Chief Guest in his valedictory address congratulated the passing out officers, their parents as well as the training staff at Shivaji. He urged the young officers to lead men by setting personal examples and put in sincere efforts to fulfil the most important role of an engineer in the Navy ‘Keeping the fleet operational and war-worthy under all circumstances’. The Chief Guest awarded trophies to officers adjudged first in academics and overall order of merit. The ‘Hammer’ for Best All Round Officer was awarded to SLt Amardeep Jaswal and the DGCG rolling trophy for best all round Coast Guard officer was awarded to Asst Cmdt Dhanasekar S. Vice Admiral Daya Shankar rolling trophy for Best Sportsman was awarded to Lt Sohrab Mohamed. SLt Priya Ranjan and Lt Harith Lal M stood first and second in Academic Order of Merit respectively. The best project syndicate was awarded for the project on ‘Design and Development of Portable and Wireless Emergency SOS Push Button for Engine Room Watchkeepers and Implementation Pan-Navy and CG Ships’.
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     Fig. 1 Review of Parade by           Fig. 2 Award of Best All Round 
               Chief Guest                                        Officer

2. Training Activities - MESC (60.085).
Fifty nine officers including 40 IN, 03 CG and 16 International officers from foreign friendly navies are undergoing MESC Phase II. The course is scheduled to pass out on 30 Jun 18 after rigourous professional training of 79 weeks. The officers of the MESC are trained on the various aspects of marine, mechanical and control engineering, NBCD aspects, basic electrical engineering, material management, military leadership, naval warfare as part of their course curriculum. The officers of the course have actively participated in all training, sports and extra curricular activities. 
(a) Outdoor Training Activities. Outdoor training activities were conducted to ensure grooming of young officers. Various outdoor activities undertaken during the period include Inter Divisional Basketball, X-country and Volleyball. The officers have participated as Directing Staff for Camp Abhayas. 
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 Fig. 3 Inter Divisional Basket-
    Fig. 4 Motivating Sailors 
          ball Championship
    during Camp Aakraman
(b) Hands on Skill (HoS) training.
HoS training was conducted in addition to classroom sessions for better appreciation and understanding of functioning of machinery and equipment. 
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Fig. 5 Hands on Skill Training in Progress
(c) Guest Lectures.
Regular guest lectures were conducted for the officers undergoing MESC by domain experts encompassing fields such as defence journalism, financial management, management of change for overall grooming of officers before taking their first appointments. In accordance with the directives of FOC-in-C (South), lectures by senior MCPOs of the establishment were also conducted on topics such as ‘Expectations of Sailors from Young Officers’ and ‘Promotion and Career Progression of Sailors in Indian Navy’.
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Fig. 6 Guest Lectures Being Conducted for MESC Course
(d) Industrial Visits.
For better understanding and appreciation of assembly line manufacturing processes, productivity in terms of output, latest trends in manufacturing industries, officers during their course were sent on four days visit to Bengaluru. The officers visited Tata Advanced Material Limited, Hindustan Aeronautical Limited, Indian Space Research Organisation, National Aerospace Laboratory and Bharat Earth Movers Limited.
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Fig. 7 Industrial Visit to HAL, Bengaluru
3. Training Activities – Passing Out of MAAC XXV Course.    121 sailors from the 25th batch of Merged Artificer Apprentice Course passed out on 09 Feb 18 after successful completion of their ab-initio technical training at INS Shivaji which commenced on 23 May 16. The course comprised of 112 IN, 05 CG and 04 International trainee sailors. The principal focus of this ab-initio course at Shivaji is to prepare the sailors to be worthy professionals and exemplary leaders in the engine room departments of their respective warships. In the final 'D' term, the course underwent specialized training in internal combustion engine, gas turbine & steam propulsion system. In addition to academics, the sailors have been exposed to sports and adventure activities namely valley crossing, white water rafting, industrial visits to companies like Electro Pneumatics Limited, Symtronics Limited, visit to Symbiosis School of Arts, cycling expeditions, open lake swimming, outward bound camps and day treks to Tung, Lohagad, Sudhagad & Raigad forts of Chattrapati Shivaji.  The ceremonial parade on the occasion was reviewed by Commodore KP Arvindan, VSM Commanding Officer, INS Shivaji. He reiterated that continuous efforts need to be put in by trainees to keep acquiring knowledge and serve the Navy in an utmost professional manner.  Abhilash K Payasi, LME was adjudged best all round trainee of the course. Course passing out Barakhana was organized with Commanding Officer on 05 Feb 18 at Gomati lawns. The Commanding Officer interacted with the Trainees and reiterated on continuous effort and to stay abreast with the current technology. 
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Fig. 8 Award Ceremony and Passing Out of MAAC XXV Course

4. Training Activities – Passing Out of DEME Course.    323 trainees of DEME Course 60.940 including 272 IN, 41 CG and 10 international trainees passed out on 10 Mar 18 after 25 weeks of technical training which commenced on 18 Sep 17. During the entire term of course, the trainees underwent specialized training in internal combustion engine, gas turbine & steam propulsion system. The trainees were also exposed to NBCD training at NBCD School in various nuances of damage control, fire fighting, and Nuclear, Biological and Chemical warfare methods. A passing out Barakhana with Commanding Officer was organized for the course on 07 Mar 18 at Gomati lawns. Commanding Officer interacted with the Trainees and stressed upon the future prospects of the passing out trainees. Commanding Officer reiterated on continuous effort to be put in by trainees to keep acquiring knowledge and skill and serve the Navy in utmost professional manner. In addition to academics, the sailors have been exposed to sports, adventure and co-curricular activities namely day treks to various forts of Chattrapati Shivaji, rainbow night concert and outdoor camp namely Abhyaas.
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Fig. 9 Passing Out Parade of DEME Course
5. Independence Day Celebrations.     On occasion of 70th Myanmar Independence day, 70th Srilankan Independence day, 50th Mauritius Independence day, Commanding Officer INS Shivaji handed over congratulatory letters to the senior most trainee from Myanmar, Srilanka and Mauritius. Officer-in-Charge, CMET interacted with international trainees from Myanmar, Srilanka and Mauritius and also elaborated on the warmth in relationship amongst the friendly countries. He congratulated all trainees on the occasion of their Independence Day.
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Fig. 10 Mauritius Independence Day

6. Lecture for Coast Guard Officers and Sailors.
Coast Guard guest lecture by Commandant R Vijay on “Pay & Allowances” was conducted at Tandon Hall for all Coast Guard personnel at 1000 hrs on 21 Apr 18. Subsequently, another Coast Guard guest lecture by Commandant Usha Gaur on “Coast Guard Headquarter & Regional Headquarter Organisation and their Duties” was conducted at Tandon Hall for all Coast Guard personnel at 1000 hrs on 19 May 18. A total of 60 trainee sailors, two staff sailors and eight officers attended the lecture.
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Fig. 11 Lecture for Coast Guard Officers and Sailors
7. Outdoor Training Activities. A host of training activities were undertaken for trainee sailors of DO (T) to ensure good military bearing and better physical fitness. The strength comprises over 2500 trainee sailors including almost 100 international trainee sailors. Various outdoor activities undertaken during the period included trek to Lohagad fort, various Intra DO (T) sports championships like basketball, volleyball, cross country, camp Abhyaas and Camp Aakraman. In addition, Rainbow Night was organized to mark the culmination of all divisional activities of DO(T) for the academic year 2017-18. Some of the activities are as follows:- 
(a) Trek to Lohagad Fort.
Divisional trek to Lohagad fort was conducted for Pratapgad, Sudhagad, Hemgad and Korigad divisions on 13 Jan 18, 24 Mar 18, 14 Apr 18 and 12 May 18 respectively. The treks were flagged off by Cdr RCM Mascarenhas, Div Cdr, in front of Gomati block. A total of 327 trainees participated the event under the guidance of divisional staff. All participants completed the trek successfully.
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Fig. 12 Trek to Lohagad Fort 

(b) Sports Championships. Trainees participated in following sports championships :- 

(i) Basketball.  
Intra DO (T) Basketball Championship was held from 20-23 Mar 18 at ship’s outdoor basketball court. Korigad division secured first prize in the event.
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     Fig. 13 Basketball Championship
(ii) Volleyball. Intra DO (T) volleyball championship was conducted from 09-14 Apr 18 and Sudhagad emerged as winner division. Subsequently, an inter-divisional volleyball championship was conducted from 16-23 Apr 18 and the finals were played between Sudhagad and Panhala (staff team). Cmde K Srinivas, Station Commander Lonavla had attended as the chief guest for the event. Rajneesh Kumar, DEME from Sudhagad division was adjudged as best player of the championship. Even though Panhala emerged as the winner division, Commanding Officer appreciated the efforts put in by both teams to make the game highly competitive and interesting.
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Fig. 14 Volleyball Championship
(iii) Cross Country. Intra DO (T) Cross country was conducted for all trainees on 06 Feb 18.  The event was flagged off by Cdr Shashwat Srivastava, Div Cdr (AoD). Lohagad and Korigad division stood first & second respectively.
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Fig. 15 Cross Country Championship
(c) Camp Abhyaas-2018.
A three day training camp Abhyaas 2018 was conducted for both DEME 60.940 and DEME 60.941 courses from 16-18 Feb 18 and 14-16 May 18 respectively. The camp was flagged off on both occasions by Div Cdr, in which a total of 320 trainees each from both batches have participated. Main aim of conducting camps is to expose the trainees to war time scenario and to teach them survival techniques during difficult times. During the camp, trainees participated in various events like Tent Pitching, Khana Khazana, Volley Ball, Tug of War, Josh Run etc. The trainees displayed high morale, camaraderie and josh during camp period. Officer-in-Charge CMET, presented the participants with prizes and emphasized on importance of camping activities. Korigad division and Sudhagad division emerged as champion divisions from DEME 60.940 and 60.941 respectively. 

[image: image76.png]


 [image: image77.jpg]



Fig. 16 Camp Abhyaas-18
(d) Camp Aakraman-18.
   A four day training camp, Aakraman-18, was conducted from 07 – 10 May 18 near Tungarli Lake as part of training activity for MAAC-XXVII trainee sailors. A total of 159 trainee sailors from six divisions of DO (T) had participated. Each division was under the charge of two Assistant Divisional Officers (ADO) undergoing Marine Engineering Specialization Course (MESC) at CMET. The camp party comprised of Lt Sudeep Bhattarai (Camp Commandant), Lt Awanit Kumar (Camp Coordinator), SLt Surya Kanth (Camp Adjutant), 15 MESC Officers who were assigned duties of Assistant Camp Commandant, Camp Gunnery Officer, Camp Logistics Officer and Assistant Divisional Officers for six divisions,  two staff sailors, 10 senior sailors from CHERA Q class, four cooks, one LPM, one Medical Assistant and three civilian MT drivers, thus bringing the total strength of the camp to 197 personnel. The aim of the camp was to develop Espirit-de-Corps, build up stamina & endurance of trainee sailors and inculcate leadership & organisational abilities. It was also aimed at exposing the trainees to various field activities similar to that of Infantry and instill a spirit of adventure amongst them. Camp Aakraman-18 was aimed to prepare the trainee sailors to meet the unforeseen challenges with courage and confidence and also broaden their vision. It emphasized the importance of team work and espirit-de-corps among trainees in true naval spirit. Most importantly, it has taught them that with sheer willpower, determination and grit, one can always transcend the perceived limits of endurance. Raigad division emerged as champion division for Camp Aakraman-18.
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Fig. 17 Camp Aakraman-18
(e) Industrial and Educational Visits. As an effort to acquaint trainees with best practices of the industry, visits to following institutions were organized :- 

(i) M/s Symtronics Automation Pvt. Ltd., Pune on 18 Jan 18 and 03 Feb 18 for 30 trainees each of MAAC XXVI ICE II and GT class. 

(ii) M/s Perci Forge and Gears Ltd., Pune on    20 Apr 18 for 39 trainees of MAAC XXVII class. 

(iii)  M/s Wilo Mather & Platt Pumps Pvt. Ltd. on 01 Jun 18 for 37 trainees of MAAC XXVI class.
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Fig. 18 Industrial Visit
(f) Rainbow Night Concert.   As part of Culmination of all divisional activities for year 2017-18, a Rainbow Night was conducted on 07 Feb 18 at Indrayani Hard in which DO (T) trainees presented various acts like group song, western dance, mime act, Bhangra and Skit performances. The concert was well appreciated by Commanding Officer Cmde KP Arvindan, VSM and all other spectators. Subsequently, SDO read out the Annual Report for year 2018.
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   Fig. 19 Rainbow Night Concert
ON THE HORIZON

1. To remain abreast with constantly evolving technology, the training methodology at Shivaji for Naval Engineers is also updated to sustain high confidence levels whilst operating new induction ships and state-of-the-art technologies. Shivaji has always strived hard to impart quality training in Marine Engineering to officers and sailors. Training methodologies have evolved from theoretical instructions to use of Live Equipment for Maintenance Oriented Training (MOT), Computer Based Training Technologies, Simulators, Modern Tools / Test Equipment and Reference Systems.

2. ‘On the Horizon’, attempts to apprise the technical fraternity and the Naval Community on ongoing activities and future plans of team Shivaji.
3. Integration of 1MW DA with Main Grid. M/s Cummins India Ltd make KTA 50D(M1) Diesel Alternator of 1 MW capacity was procured and positioned at Main Receiving Station inside Shivaji on 18 May 13. The DA was shifted into an acoustic enclosure and integrated with the various fluid systems and electrical control panels and was commissioned in Jan 15. Since this model of DA is installed on numerous new induction IN platforms such as Talwar Class, Shivalik Class etc, it serves the purpose of equipment training for sailors and officers. However, till Jun 17 the DA could be operated only at idling as the DA was not connected to any load. This restricted usage of the DA, met only partial training objective.
4. A plan was therefore drawn out to connect the DA to main grid thereby ensuring optimal utilization of the training aid. Simultaneously, a case was also taken up to procure a load bank which can be connected with 1MW DA. In May 17, a load bank of 1.5 MW capacity was procured to enable the DA to be taken on load.  The DA was connected to main grid after procurement of Ring Main Unit (RMU) and Transformer through unit resources. The final trials of grid integration were completed in Mar 18. Presently, the DA is utilized extensively for training purposes as well as for captive power generation.
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Fig. 1 Installation of Transformer Unit for 1MW DA
5. 6000 Hourly Routines on KTA 1150.    Diesel and Gas Turbine wing at INS Shivaji has M/s Cummins make KTA 1150 model DA (300 KW) installed in 1989. The DA was subject to many trials since commissioning including bio-diesel trials. Post installation, no major routines were carried out on the DA until recently. Over the years, the engine health had deteriorated in terms of control instrumentation, safety devices and other mechanical components. On inspection by OEM along with ship staff, it was ascertained that 6000 hourly routines are to be carried out to fully operationalise the DA. Subsequently, a financial case was taken up to carry out 6000 hourly routines on the DA on obtaining ‘No Capacity Certificate’ from ND (Mbi). Post sanction, the work was undertaken by M/s Trident Services Pvt Ltd, who is an authorised service dealer of Cummins India. Post completions of routines, load trials were undertaken and the DA could achieve a maximum load of 240 KW with all parameters in limits. Thereafter the DA was successfully connected to grid and is now being utilised for training and captive power generation.
6. 24000 Hourly Routine on VTA 1710 DA.   Cummins VTA 1710 DA (350 KW) was installed in 1989 at Diesel and Gas Turbine wing and extensively used for training and captive power generation. No major routines were undertaken on this DA until recently and the performance of the DA had started deteriorating. The maximum load carrying capacity was limited to 200 KW due to high exhaust temperature. On inspection by OEM along with ship staff, it was ascertained that 24000 hourly routines are to be carried out to fully operationalise the DA. Requirement to undertake major overhaul (24000 hourly routines) was projected to ND (Mbi) and No Capacity Certificate was obtained. Accordingly, a financial case was taken up for 24000 hourly routines and work was undertaken by M/s Trident Services Pvt Ltd (authorised service dealer of Cummins India). Both the alternator and Prime mover were landed for overhaul. During inspection, it was found that the alternator was not in good health, as it failed the surge test that was conducted. While undertaking detailed analysis, it was submitted by the firm that re-winding needs to be undertaken for stator. As the proposed work did not fall under the scope of work of Trident Services Pvt Ltd, assistance from ND(Mbi) was sought and the alternator was landed at ND (Mbi)/EPS for rewinding. The prime mover has been overhauled at Cummins’ premises and factory trials were conducted on 11 May 18 prior positioning at DAG wing. The prime mover has been successfully positioned back at DAG wing post completion of factory trials. The alternator is presently undergoing rewinding at ND(Mbi) and is likely to be available at Shivaji by mid Jul 18.
[image: image84.jpg]


 [image: image85.jpg]—




Fig. 2 Routines on VTA 1710 DA
7. Installation of KOEL DA.  Diesel and Gas Turbine wing live bay has been fitted with eight operational Diesel Alternators, out of which 03 DAs are currently being utilized for captive power generation. In Aug 15, during normal exploitation, KOEL W8VBSM DA (old KOEL) had ceased due to material failure. This necessitated provision of one operational DA to fill up the void in training aids. To ensure presence of operational DA, the unit identified a Prime Mover of KOEL W8V-17.5/22AML DA (248 KW) ex INS Nirdeshak. Subsequently, a case was taken up with IHQ MOD(N) through HQSNC, for issuing the prime mover to Shivaji. The prime mover was positioned at Shivaji by MO (Mbi) on 25 May 16. Post integration of new prime mover with the existing alternator and rectification of various defects and necessary modifications, the DA was proven to a maximum sustainable load of 210 KW on 20 Mar 18. The DA is currently being used for watch keeping training and captive power generation.
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Fig. 3 Installation of KOEL DA
8. Setting up of Predictive Technology Lab.  To keep pace with maintenance based on condition monitoring aids, a lab has been set up with all available resources from CMET at the erstwhile Heat Engine Lab. The Heat Engine Lab has been re-christened as Predictive Technology Lab & Systems Bay. Presently, the PTL has four labs viz. Lub Oil Testing Lab, Vibration Lab, NDT Lab and TEV Tune up Lab. Training is limited to ab-initio courses view scarcity of consumables available for these training aids/equipment dependent on demand based replenishment. Approval for additional demand of various equipment/consumables are also sought to cater for the increased throughput of trainees. Additionally, the systems bay was augmented with live piping network station and pump overhaul station for exhaustive HoS /practical training for all courses. The live piping network station was built utilizing in-house resources and expertise of ITW staff. A second station with added complexity is under construction within the Systems bay near valve overhauling station.
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Fig. 5 FOC-in-C Visit to Predictive Technology Lab during AI-18
9. Sprinkling System Using Shape Memory Alloy.  The utilization of Shape Memory Alloy (SMA) for firefighting sprinkling actuation has been validated and found feasible. Accordingly, a scaled setup of Sprinkling system using Shape Memory Alloy has been created at SAX wing as part of staff student project. Further, for extending the technology for implementation onboard ships, a ruggedized, fail safe system with effective actuating valves using SMA is presently under development as a staff student project. After carrying out extensive trials on the setup, a case can be taken up for fitment onboard ships/submarines.

10. Conduct of Maiden ISO Cat I Noise and Vibration Course.  The maiden ISO CAT-I Noise and Vibration Course was conducted at INS Shivaji from 01 May – 05 May 18 by M/s IRD Mechanalysis Ltd at newly commissioned Predictive Technology Lab. The aim of the course is to keep engine room sailors and officers abreast with the latest technologies in the domain of vibration analysis and to make them proficient in handling vibration study of onboard machineries. A total of 21 IN personnel, including 13 officers and eight sailors, have successfully completed the course and have been certified with ISO 18436-2 Category I Vibration Condition Monitoring. Basics of noise and vibration, predictive analysis, FFT spectrum analysis, calibration/ tuning techniques and measures to arrest shock and vibration of marine machinery were covered as part of course curriculum.
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Fig. 6 Course Photograph of Maiden ISO CAT-I Course Participants
11. PLC based Hybrid Two Tank Setup.    A PLC based hybrid tank for measurement and control of flow, temperature and level was designed and developed at SECON wing by a group of officers as part of MESC project, under the guidance of a staff officer. The project is aimed at creating a hybrid tank set up which can be utilized for understanding the concepts of measurement and instrumentation with the aid of PID controllers. The project is set up in hydraulics and pneumatics lab of SECON wing and will be utilized to train MESC officers, CHERA Q, control ERA, control ME and MAAC D courses.
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Fig. 7 PLC based Hybrid Two Tank Setup

12. Conduct of OEM Lectures for Control Courses.   As per IHQ MoD (N) directives, Engineer Officers’ PCT has been extended for all classes of ship by four weeks, during which type specific training is imparted to officers from various classes of ships. OEM lectures were conducted at SECON wing for providing in-depth training on ship specific system for control ERAs and PCT courses. Following OEM lectures were conducted for the recently concluded Engineer Officer PCT  Course:-
	Ser
	Topics Covered
	Lecture Conducted by
	Target Audience
	Date of lecture

	(i) 
	IPMS Controls
	M/s L3 Comm Ltd
	P-17 Class
	21 Mar 18

	(ii) 
	Instrumentation & Controls
	M/s Nectar
	All PCT Classes
	21 Mar 18

	(iii) 
	Diesel Engine Controls
	M/s KOEL
	P-17 Class
	22 Mar 18

	(iv) 
	AC & Ref Controls
	M/s KPCL
	P-17, P-15, P-15A, SNF Class
	23 Mar 18

	(v) 
	Onega Controls
	Russian specialist
	Talwar Class
	26 Mar 18

	(vi) 
	Steering & Stabilizer Controls
	M/s Veljan Hydrair
	P-15 Class
	26 Mar 18

	(vii) 
	Zorya & Burya Controls
	Russian specialist
	Talwar Class
	27 Mar 18

	(viii) 
	Symtronics DA Controls
	M/s Symtronics
	SNF & LST(M) Class
	27 Mar 18

	(ix) 
	Steering & Stabilizer Controls
	M/s L&T Ltd.
	P-15A Class
	28 Mar 18

	(x) 
	Wartsila DA Controls
	M/s Wartsila
	P-17 & Talwar Class
	28 Mar 18

	(xi) 
	IPMS Controls
	M/s L&T Ltd.
	Aditya
	30 May 18


13. Installation of ONEGA Simulator.   In order to augment the training infrastructure for Talwar and follow-on Talwar class ships, installation of an ONEGA simulator has been sanctioned at a cost of Rs. 1,56,00,000/- through IHQ MoD (N)/ DME. Work on the same has commenced. So far, onboard data recording (still photography and video), preparation and approval of the Preliminary Design Document (PDD) with recommendations have been completed. The firm has accordingly commenced work on the development of the simulator. EDC according to the contract is 28 Feb 2019.
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Fig. 8 Layout of ONEGA Simulator
14. Interactive Media Training Package.   EPCT School has five Interactive Media Training Packages (IMTP) for different classes of ships. To augment this further, a case for an IMTP for Kolkata class ships was initiated. This project has been awarded to M/s ARI Pvt Ltd. at a cost of Rs. 1,33,93,000/- towards development of the IMTP. Onboard video and still recordings have been completed jointly by the firm and Shivaji Reps after obtaining approval from IHQ MoD(N) and HQWNC. Presently, the recorded data has been forwarded to IHQ MoD (N)/ DME for vetting/ DNI clearance prior handing over to the firm. Meanwhile, a proof of concept has been prepared by the firm and will be submitted for approval shortly.
15. LM2500 Training Complex.
As part of augmentation of training infrastructure and part of the policy on Life Cycle Management of LM 2500 Gas Turbine, development of an LM 2500 Maintenance Training Facility was envisaged at EPCT School. A BOO examined the feasibility and assessed the work involved for ‘Provision of Deficient LM 2500 Maintenance Training Facility including Training Bay, Simulator Complex and Multimedia Classrooms’. The sanction has been obtained at a cost of Rs. 10,47,00,000/- through AMWP. Foundation stone of the Training Complex was laid by ACOM (D&R) during ‘Tech Sem’ in Nov 17. EDC as per contract is Mar 19. The complex is envisaged to house a number of facilities, such as three in number simulators, a static bay for a life expired LM 2500 GT, three classrooms, MEIKB extension and an ISAC cell.
16. Inauguration of New 200 Men Block ‘Shivalik’.  A new 200 men block ‘Shivalik’ was inaugurated by FOC-in-C South on 01 Feb 18 to cater for the increased strength of DO(T). Each floor comprises four dormitories. The layout of the block is different from the existing blocks with improved ventilation and better habitability. Moreover, partitioning in the dormitories enables easy maintenance and privacy to trainees.
17. Inauguration of ‘Rainbow’ Cafeteria.   ‘Rainbow’ cafeteria was inaugurated in the erstwhile Betwa Dining Hall. The Cafeteria is exclusive for the trainees with a variety of snacks/refreshments being offered on the menu.
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Fig. 9 Inauguration of Rainbow Cafeteria
18. National Skill Development Course.   Skill certification course for retiring sailors of engineering branch has commenced under the aegis of NSDC at INS Shivaji, w.e.f 01 May 17. The fortnight long course is conducted through the training partners of NSDC, M/s Yashaswi Academy of Skills, Pune. On an average, the course strength of each course varies from 30 to 35 personnel. All training schools have been mandated by IHQ MoD(N)/ DESA to provide requisite administrative support towards the conduct of the course and the same is presently being conducted at ATW(CTC). Shivaji has successfully conducted 20 skill development courses, six for Engine Room Artificers and 14 for Engineering Mechanics. Further, fresh courses for the current training year have commenced from 14 May 18 for Supervisor (Plant and Machinery) for Engine Room Artificers and Area Service Manager for Engineering Mechanics.
19. Creation of NSDC Online Exam Bay. 
 A NSDC Examination Bay with 13 Thin Clients and NKN connectivity has been set up at CAC ground floor in Jan 18 for conducting online exams for the NSDC courses. In addition, the facility is open to all U/T officers and staff sailors for accessing internet.
Centre of Excellence (Marine Engineering) - Recent Activities

20. Centre of Excellence (Marine Engineering) [CoE(ME)] since its inception on 31 Jul 14 has come a long way and is further gearing up to take up additional tasks in the field of Marine Engineering. The initial formative years during 2014-16 were primarily concentrated towards setting up preliminary functioning. A gist of major activities in Professional and Academic Domain accomplished / being progressed at CoE(ME) are enumerated in succeeding paragraphs.
Professional Domain.
21. A total of 13 professional studies which included four futuristic studies, two studies assisting ops units, four field level studies and three indigenisation initiative studies were completed recently, as highlighted below. 

22. Futuristic Studies. The following Studies were undertaken and detailed study reports forwarded to IHQ MoD (N)/ DME and HQSNC/ CEO:-

(a)
Canned Motor Pumps (CMP) and Magnetic Bearing Compressors (MBC). These are new technologies in vogue and have been suggested for induction on new platforms and as replacement for existing centrifugal pumps and AC screw compressors respectively. Study reveals that these technologies have definite advantages wrt low noise levels (aiding Stealth aspects of ships), high reliability and MTBO, and lower life cycle cost compared to currently used conventional equipment.


(b)      Air Conditioning / Cooling Techniques for Engine Rooms. The Engine Room temperatures onboard IN warships have been observed to be high due to running machinery and associated ventilation system issues. The provision of cooling for the engine rooms as well as air intakes of major prime movers would not only enhance machinery performance but also human comfort. A detailed study report has been forwarded highlighting various alternative non-conventional cooling systems developed/being developed in India and abroad, for eg thermoelectric, vapour absorption/adsorption, thermo-acoustic, supercritical/ trans-critical CO2 based power (Brayton cycle) and cooling (vapour compression) systems, panel heat exchangers etc along with pros & cons, practical feasibility of usage as retro-fitment or for new induction and suitable way ahead in adopting these technologies onboard IN ships. 

(c)
Study on Shaftless Rim Driven Propulsors. The shipping industry has experienced a significant technology shift in recent years with increasing use of electric propulsion systems. Electric propulsion, supported by a substantial change in the ship electrical system, has allowed individual ship operators to experience benefits such as low noise, greater flexibility in layout, better part-load efficiency and power management, reduced maintenance and reduced fuel consumption, which is also helping to meet emission reduction targets. Electric propulsion has paved way for some of the advanced propulsion technology such as Shaft-less Rim-driven Propulsors. A detailed study of design and working principle, pros and cons, present R&D status, applications of this emerging technology of Shaft-less Rim-driven Propulsors was undertaken at CoE and study report with way ahead was forwarded to HQSNC / CEO in Jan 18.

(d)
Integrated Full Electric Propulsion – Implementation & Way Ahead. As per IHQ MoD (N) letter ibid, CoE is to function as the nerve centre for all aspects related to induction of Electric Propulsion (IFEP) in IN. Towards formulating modalities and undertaking preparatory activities for IFEP, CoE had conducted a one week CEP and included the subject as a sub-theme in Technical Seminar TECHSEM 2017 conducted in       Nov 17. Experienced guest speakers from concerned Directorate at IHQ, Commands and eminent individuals from Academia and Industry (Indian / Foreign OEMs) were engaged in the CEP and Seminar. The exposure presented a scope for CoE to build bridges with the Academia and engage them towards progressing study on this niche technology. The team undertook a detailed study of IFEP w.r.t. history of electric propulsion, concept, basic nomenclature, architecture, design and working principle, pros and cons, present R&D status, applications of the emerging technology, its implementation & way ahead. A copy of the study report has been forwarded to IHQ / DME in Feb 18.
23. Assistance to OPS Units

(a)
Performance Analysis of Diesel Engines. Diesel engines are widely used onboard IN ships for main propulsion as well as power generation. Scrutiny of various reports pertaining to OSTs, Post Refit Trials, EHM Trials etc. indicated that a large number of diesel propulsion ships were unable to achieve the rated speed/ power and the maximum power output of the diesel generators was restricted below their rated capacity. Accordingly, IHQMoD(Navy) had set up a Board of Officers with member from CoE vide letter EG/3001/DSl dated 29 Nov 16, to examine the issues leading to degradation in performance of diesel engines. As part of the pilot study, a total of 88 Diesel engines comprising 60 Main Propulsion and 28 Power Generation Diesels were identified onboard 41 warships pan Navy with suboptimal / restricted performance. As part of Board at Pan Navy level, a detailed study was undertaken to establish the root causes for degradation of performance and recommend remedial measures and way ahead.
(b)
Preparation of Revised Formats for Service Log Books for Diesel Engines. Centre of Excellence was tasked to prepare a draft format for ‘Diesel Engine Service Log’ for inclusion in future contracts / SOTRs vide IHQ fax ibid. The revised service log formats were prepared with an aim to make a single reference document which can be used throughout the engine service life (womb to tomb) and the same would contain all pertinent information required to understand the history and holistic information about maintenance, in-service exploitation, defects observed and design modifications if any undertaken on the engine. Accordingly, two separate draft ‘Diesel Engine Service Log’ formats, one for propulsion and one for power generation applications, inclusive of critical aspects and other essentials considered necessary for data and record keeping was compiled and forwarded to IHQ MoD(N) / DME.

24. Indigenisation Initiatives. Actions initiated in field of Indigenisation are as appended below:-

(a)
Operationalisation of Vikramaditya Static Boiler.   Feasibility of operationalisation of the prototype static boiler of INS Vikramaditya received at INS Shivaji in Aug 15 was examined by CoE(ME) to serve as live training aid and to provide a platform for future indigenous support onboard Vikramaditya, at component and system levels. Subsequently, a Contract was concluded by CoE(ME) with Industry Consultant M/s YMSL for preparation of Detailed Project Report and obtaining BQ for the project. An in-depth study was undertaken on utility and cost-benefit analysis of the project based on DPR submitted by the industry consultant and accordingly a detailed report was submitted to IHQ / DME in Feb 17. The case is presently being deliberated at IHQ MoD(N)/DME.     

(b)
Indigenisation of Vikramaditya Boiler Refractory Material. CoE(ME) was tasked to undertake indigenisation of Vikramaditya boiler refractory material by IHQ MoD(N)/ DME vide letter EG/2547/Boiler/STM dated 10 Mar 16. In the absence of the reference documents, a process of reverse engineering through Industry Consultant was adopted, to establish the technical specification of refractory material. While preparing SOTRs, a detailed study on material composition comprising 31 different types of items was undertaken. These included bricks, powders, fasteners, sheets and solutions. Drawings and details were finalized after determining the chemical composition, physical properties, thermal characteristics and the manufacturing processes. The case is presently at RFP stage and path has thus been paved for indigenisation of these materials.


(c)
Design & Development of Large Diesel Engines under Make in India.  M/s KOEL had submitted a proposal to IHQ MoD(N) / DME for design and development of 10 MW proto type diesel engine under Make in India Make-I category at a quoted price of Rs 393 Cr for first developed engine and Rs 1130 Cr for production of 24 engines during the period from 2022 to 2029. The proposal submitted by M/s KOEL was forwarded by IHQ to INS Shivaji/ CoE for cost benefit analysis. A detailed study on cost estimation was carried out at CoE(ME) and firm recommendations on cost rationalisation was forwarded to IHQ MoD/ DME. 

25. Field Level Issues. Various field level studies to provide engineered solutions to field level problems were progressed at CoE(ME). The studies were undertaken in coordination and consultation with IHQ MoD(N)/ DME. Interaction with Commands, Naval Dockyards, INSMA, Fleet Ships, NMRL, NIO, NSTL, R&D Engineers Pune, OEMs and other associated firms, IIT Bombay etc was very important for these studies. Visits and interactions with all stakeholders were accordingly planned and progressed with an aim for ensuring meaningful study in respect of following equipment topics:-
(a)
Effective Utilization of Torsionmeters.  

(b) HP/ LP Air System onboard IN Ships. 

 

(c)       Effect of Harbour Water on Sea Water System.  

 

(d)       High Temperatures in Engine Rooms

(e)
Rationalization of POL Inventory

26. Preparation of Specifications/ SOTRs/ SQRs. In the last 12 months, CoE has prepared 21 SOTRs on diversified equipment, in which 13 were as part of promulgated KRAs and eight additional SOTRs as per the directives and priority assigned by IHQ MoD(N)/ DME. Few major SOTRs were drafted and forwarded to Professional directorate with an aim for ensuring standardization. Holistic study of existing ship fit, equipment, applicable international standards and specifications, technological developments in the field and defining form fit and material to meet essential functional requirement were undertaken whilst drafting the following:-

(a) SOTR on HP Air Compressors 

(b) SOTRs for Indigenisation of Hydraulic Power Unit for Restraining Gear Project P-71 (IAC 1)

(c) SQR on repair test facility / test facility for HP air compressors – P75 

(d) SOTR on Lub oil and Fuel oil Centrifuges 

(e) SQR repair / test facility for HP air compressors – P75

(f) NSQR on Breakable Spool Coupling

(g) SOTR on 1500 KW Turbo Generator- Vikramaditya 

(h) SOTR on Oil Turbo pump (OTP) for MTGA and TBU for INS Vikramaditya 

(j) SOTRs for F/W and S/W pumps 
(k) SOTR for Plate Type Heat Exchangers 
(l) Draft SQR for repair/test facility for MAN 12 PBA -200 SMDs engine used on P-75
(m) Draft SQR for repair / test facility for AC and refrigeration plant make SNORI used on P-75
(n) Draft SQR for IPMS, steering console reference system extended D-level maintenance repair facility for P-75

(p) Draft SOTRs for INS Vikramaditya Boiler Mountings

27. New R&D Projects through Indian Naval Technology Board. One of the promulgated mandates of CoE (ME) is to undertake projects through INTB in accordance with the technology requirements of IN as per Science and Technology (S&T) roadmap. Towards the same, CoE has initiated detailed projects on ‘Development of effective Corrosion Resistance Coating’, ‘Corrosion Proof Alternative Substitute Alloys’ & ‘Design Modifications for Enhancing Performance and Life of Ship’s Sea Water Systems through Research Project Study of Effect of Sea Water on Ships Systems and Components’ and ‘Air Conditioning & cooling Systems for Engine Rooms of IN Ships’ which are intended to be undertaken in collaboration with any prominent Academia along with renowned Industries having relevant expertise in the field. Detailed Statement of Cases have been forwarded to IHQ MoD(N) / DME for consideration. 

28. MoU with IIT(B) for Research Collaboration, Technology Development and Technical Solutions. An umbrella MoU has been recently concluded on 15 Dec 17 with IIT Bombay for Research Collaboration, Technology Development and Technical Solutions post obtaining approval from IHQ MoD(N)/DME vide letter EG/1308/CAM dated 20 Oct 17. The MoU would give an impetus to Naval organizations/ Units towards evaluation of technologies, assessment of equipment, promote academic cooperation, along with resolution of recurrent and critical issues experienced in their relevant fields. The MoU would also facilitate research under the INTB to undertake R&D activities for naval applications in mutually beneficial areas. 
29. Capability Study of Industries. INS Shivaji/ CoE in consultation with IHQ / DME is engaging with various industries / institutes / academia of repute to harness their capabilities towards development of mission-worthy marine engineering equipment, as an exercise to address and resolve field level issues and as a precursor for induction of new cutting-edge technologies.  To date, detailed capability study reports along with major highlights and recommendations in respect of following institutes / industries have been forwarded to IHQ /DME and HQSNC / CEO:-

(a) Crucible for Research and Innovation [CORI], PESIT, Bangalore

(b) M/s Resin & allied Products, Vijaywada, 

(c) Naval Science and Technology Laboratory, Visakhapatnam, 

(d) BHEL Heavy Plates and Vessels Plant, Visakhapatnam

(e) M/s Zeus Numerix, Pune

(f) M/s Knowledge Stream, Pune

(g) Tata Consulting Engineers Ltd, Pune

(h) National Chemical Laboratory, Pune

(j) IISER, Bhopal

(k) CSIR, Bhopal

30. Visit to Academic Institutes of Repute. 
(a)
IIT Bombay. Flag Officer Commanding-in-Chief, Southern Naval Command, along with Commanding Officer, INS Shivaji and Officer-in-Charge, Centre of Excellence (Marine Engineering) {COE (ME)} had visited IIT Bombay on 02 Jun 17. The visit involved detailed interactions with Director of IIT Bombay, Prof Devang Khakhar, members of the Governing Board and distinguished faculty members of the prestigious institute. A detailed report on this interaction visit was forwarded to IHQ MoD (N) / ACOP(HRD) with several recommendations including a visit by a delegation of officers from professional directorates at IHQ MoD (N), to IIT Bombay to explore plethora of avenues available for collaboration and to use them to the Navy’s advantage. INS Shivaji/ COE (ME), being the nodal agency for interaction with IIT Bombay, coordinated and conducted a two day visit for officers from Professional Directorates at IHQ to IIT Bombay on 18-19 Jan 18. 
(b)
IISc Bangalore. A team of officers from INS Shivaji / CoE and ND(Vzg) visited the Indian Institute of Science (IISc) Bangalore from 06 to 08 Feb 18 as part of study undertaken at CoE(ME) wrt Air Conditioning / Cooling Techniques for Engine Rooms. The team visited various facilities and departments at IISc and undertook detailed discussions with respect to ongoing R&D projects at IISc including feasibility study/ prototype fitment of suitable CO2 based systems for cooling/power or combined power and cooling cycles for shipboard applications to prove the technology. A comprehensive tour report indicating the details of various R&D facilities, ongoing research at IISc highlighting the key take-aways in Transcritical CO2 Vapor Compression Cycle based Cooling Systems, Supercritical CO2 Brayton (Power) Cycle based Power Systems, CO2 based Combined (Power and Cooling) Systems and Vapour Absorption Cycle based Cooling Systems was forwarded to IHQ MoD(N)/ DME in Feb 18.
(c)
IIT Delhi. A visit to IIT Delhi was undertaken by a team of officers from CoE(ME) on 13 Feb 18 to interact with faculty of IIT(D) and undertake discussions with respect to ongoing R&D projects and to initiate suitable projects including feasibility study/ prototype for shipboard applications. A detailed discussion on the following projects finalized in consultation with IHQ MoD (N) / DME were discussed in length with IIT(D) faculty and a comprehensive tour report indicating the details of various R&D facilities, ongoing research at IIT Delhi highlighting the key take-aways in Refrigeration Techniques for Engine Room Cooling, Cooling Techniques for Air Intake for GT, Effective coating methodologies for corrosion resistance, use of Nano materials for lubrication, corrosion resistance and enhancing heat transfer, 3D Additive manufacturing, Alternative De-salination systems, Development of special water filters and oil seperators, Reliability of Marine Equipment etc was forwarded to IHQ  / DME in Feb 18. 

Academic Domain

31. The major activities progressed in the Academic Domain are as highlighted in succeeding paragraphs.
32. Conduct of Maiden Bridging Course. The maiden Bridging Engineering Course (BEC) approved by IHQ MoD(N) commenced at INS Shivaji w.e.f. 26 Dec 17 as an additional MESC Phase. The course comprises 20 weeks of training at INS Shivaji followed by 03 weeks of afloat attachment. With the implementation of this course, the conduct of MESC shall be spread over three phases; Bridging Engineering Course as MESC Phase I, present MESC Phase I  as MESC Phase II and present MESC Phase II as MESC Phase III.  The Course being marine engineering oriented, is being conducted by CoE(ME), as a prelude to equipment focused training during the subsequent MESC phases.
33. Collaborative MTECH in Thermal & Fluid Engineering.   The tailor made MTECH programme in Thermal & Fluid Engineering for officers of the Indian Navy which commenced in Jul 2004 through collaboration with Department of Mechanical Engineering, IIT Bombay and INS Shivaji has immensely benefited the Indian Navy. Till date, 62 officers have successfully completed the two year full time M.Tech programme. Since the course was specifically designed and tailor made for the Navy, the same has immensely benefited Indian Navy through suitable placement of these officers at professional directorates at Naval Headquarters, Naval Dockyards and training establishments so as to gainfully utilise the knowledge gained in the field. View long term accrued benefits of this course, the MoU has been renewed for a further period of five years from 2019-23.  
34. Coordination for PhD with IIT(B). A Memorandum of Understanding (MoU) with IIT Bombay has been concluded by INS Shivaji/ CoE(ME) on 06 Mar 17 to enable IN Officers to undergo PhD courses in various academic disciplines and research areas with a reduced contact period of 18 weeks. Further, IG 395, DTG 031950/ Nov has been released seeking volunteers for PhD at IITB for academic year commencing Jul 2018 as sponsored candidates. The MoU will allow Naval Officers to pursue their project work related to the Indian Navy oriented under the expert faculty of IIT Bombay. 

35. Conduct of CEPs.
CoE(ME) is mandated to conduct CEPs for mid-level Officers. Participants for the programme consists of 20 to 25 Officers, deputed from various Directorates at IHQ and Commands, and nomination is made on subject relevance, based on proposal by CoE. Senior guest faculty is engaged from concerned Directorate at IHQ and eminent individuals from Academia and Industry. A total of 12 CEPs have been conducted till date. The CEPs conducted during the training year 2017-18 is as appended below:-

	Sl
	Topic
	Duration



	(a)
	Integrated full electric propulsion (IFEP)
	24 Apr 17 to 29 Apr 17

	(b)
	Nuclear Technology for warships and submarines 
	28 Aug 17 to 02 Sep 17

	(c)
	Application of Reliability Engineering for equipment onboard ships’
	19 Feb 18 to 24 Feb 18


AWARD WINNERS – OFFICERS

MESC (60.085)

	Award/ Prize
	For
	Awardees

	The Hammer & Book Prize
	Best ‘All Round Officer’ 
	SLt Gokul Ganesh, 43869-A

	CNS Rolling Trophy & Book Prize
	First in Order of 

Academic  Merit 
	SLt Pandey Akash Arun Kumar, 43836-A

	Book Prize
	Second in Order of 

Academic Merit 
	SLt Ankit Ojha, 43871-F

	Rolling Trophy & Book Prize
	Best Project Syndicate

Analysis of Combustion Characteristics of GT Combustion Chamber
	Lt JADGD Dinuka, NRE 3058

	
	
	Ag Lt MCH Chandrasiri, NRE 3388

	
	
	SLt Faraaz Ahmed, 43860-F

	
	
	SLt Aditya Chary, 43832-T

	
	
	SLt Ankit Ojha, 43871-F

	Commodore’s Trophy & Book Prize
	Positive Living     
	SLt AS Bhati, 43863-N

	VAdm Daya Shankar Trophy
	Best in Sports
	SLt Puneet Rangi, 43865-T

	DGCG Rolling Trophy
	Best CG Officer
	A/C Kaushal Kumar, 4310-S

	FOCINC (South) Rolling Trophy
	Best International Trainee Officer
	Ag Lt YRSS Srilal, NRE 3089


AWARD WINNERS – SAILORS 

FIRST IN ACADEMICS

	Award
	Stream
	Awardees

	MAAC XXV

	First in Academics
	ICE 
GT 
STEAM
	Abhilash K Payasi, LME, 227148-Y
Himanshu Gupta, LME, 230612-W
Amit Anil Mane, LME, 233177-Z

	Commodore’s Rolling Trophy
	Best Sportsman
	Simranjot Sharma, LME, 232536-T

	FOC-in-C South Silver Medal
	ICE 


	Abhishek Kumar, U/NVK(ME), 11250-T

	Best International Trainee
	ICE
	UDD Chathuranga, APP/ERA, AE112171

	DEME (60.940)

	First in Academics
	ICE 
GT 

STEAM
	Pradeep, DEME,  245623-K

C Ghosh, LOG I(OC), 403993-T
Nishant, DEME, 246875-F

	Commodore’s Rolling Trophy
	Best Sportsman
	Yogesh, DEME, 245635-N

	International Trainee
	ICE 


	Ali Rashid, SGT, 4766


	BEST ALL ROUND SAILOR

	Course
	Stream
	Awardees

	MAAC XXV
	ICE, GT, STEAM
	Abhilash K Payasi, LME, 227148-Y

	DEME (60.940)
	ICE, GT, STEAM
	Aditya Singh, DEME, 247196


KIND ATTENTION TO AUTHORS

REGARDING ‘PLAGIARISM’

Plagiarism is defined by the Oxford Dictionary as the ‘Wrongful Approach’, ‘Close Imitation’ or ‘Purloining and Publication of another Author’s Thoughts, Language, Ideas or Expressions and the representation of them as one’s own original work’.


The increased availability of Intellectual Property due to a rise in Information Technology (IT) has furthered the debate as to whether copyright offences are criminal.  Plagiarism is not a crime per se but is disapproved more on the grounds of moral offence and cases of Plagiarism can involve liability for copyright infringement.  While both terms may apply to a particular act, they are different concepts.  Copyright Infringement is a violation of the Rights of a Copyright Holder, when material restricted by copyright is used without consent.  On the other hand, the moral concept of Plagiarism is concerned with the ‘Unearned Increment’ to the Plagiarising Author’s reputation that is achieved through false claims of authorship.


Technical Manuals routinely copy facts from other manuals without attribution, because they assume a common spirit of scientific endeavour.  Within an organisation, in its own working levels, standards are not as stringent but definitely not non-existent.  If someone helped with a report, or if a paragraph is taken from an existing source, a citation is expected to be written down.


The thin line between permissible literary and impermissible source code Plagiarism is finally left to the maturity level, morality, integrity and honesty of the author.  In short, authors are requested to adhere to the guideline.  If you did not write it yourself, you must, at least, give due credits.
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CORE PROCESS RESILIENCE

Process continuity is not about reacting to every disruptive event.

Integrated strategy that anticipates and adapts to opportunities, regulations and risks is critical.

Identify risks unique to Organisation both potential disruptions and potential opportunities.

Rank threats based on past occurrences, amount of potential revenue impact, damage, compliance risks and single point failure.

Understand  most vital functions of core process and function to make resilience efforts effective.

Perform gap analysis of organisations needs and capabilities.

Implementation plan should provide clear guidance of workload division, hardware alignment, provisioning, recovery and availability procedures, network availability and capacity measures.

Core process resilience is not a final destination, but an ongoing process. Continual monitoring, testing and improvement are needed



Determine your risk exposure

Rank Processes

as per their

importance

Evaluate your resilience capabilities

Manage the

 Plan

& adjust as & when required

Deploy Plan & Validate

Design resilience Strategy
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