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I am glad to note that Vikram Sarabhai Space Centre, in
association with Indian I[nstitute of Space Science and
Technology is organizing an International Conference on
Product Life Cycle Medelling, Stmulation and Synthesis
(PLMSS-2021) in collaboration with PLMSS trust during
17-18 December 2021 in online mode.

Product Life Cycle Management is essential for indian programmes of strategic
sectors hamely Space and Defense. Modelling and simulation of life cycle of a
preduct especially for aerospace systems using various PLM tools will help to
realise the product with improved quality and reliability.

As the nation embarks npon “AATMANIRBHAR BHARAT” and “DIGITAL INDIA”
programme, it is the need of the hour to reap the benefits of PLM by bringing the
associated development teams, user agencies and industries on a cormmon platferm.

The workshep and conference has a very important objective and I am sure that the
pre-coitference workshop and the conference endeavors to provide a common
platform to the national and international experts dwelling on PLM for formulating
a collaborative framework to achieve self-reliance in this riche area.

=

| wish the organizers and delegates a very fruitful and enriching conference.
'@1‘ oV

%'11\}"\

Dated: November 12, 2021 (. = / K. sivan)
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1. | am pleased to offer my warmest congratulations to the organizers of the
International Conference: "Product Life Cycle Modelling, Simulation and Synthesis
(PLMSS-2021)" scheduled during December 17-18, 2021 through online mode.

2. | believe that the pre-conference workshop and the conference will be a key step
in opening up a seamless platform for a free exchange of information related to the
current developments in the field of product life cycle management, amongst the
scientific and engineering communities. The conference seeks to cover many important
areas related to Product Life Cycle Modelling, simulation and synthesis in the Indian
programme of strategic sectors namely Space and Defence.

3. It is heartening to note that the indigenous initiatives and efforts in this area over
the past few decades have started bearing fruits. | am sure that this workshop and
conference will highlight various innovations along with the identification of new
potential applications in this area of national interest

4. | wish the workshop and conference "Product Life Cycle Modelling, Simulation
and Synthesis (PLMS38-2021)" a grand success.

.—"‘Jf?-H
— LMY

(Dr G. Satheesh Reddy)

& A, wn wgda wu Rew B, Hemdia wga, ol At 9 Reh-110011
Ministry of Deferce, Dapartment of Defence R&D, DRDO Bhawan, Rajaji Marg, New Delhi-110011
s /Phone | 011-23011518, 23014350, ¥y /Fax : 011-23018216, ¥-3a1/E-mall : secydrdo@gov.in



PLMNSS

2021

Thiruvananthapuram



MESSAGE

Dr. Pawan Kumar Goenka
Chairperson Designate, IN-SPACe

With the opening of the Indian Space sector to private industry participation, the sector
is now working towards devising a comprehensive strategy to increase India’s contribution in
global space economy and make Space industry an important pillar of our economy. Antrix
Corporation expects the industry to grow up to $35- $50 billion by 2024,

To achieve that kind of growth, Indian space sector needs to move at a very fast pace to
increase the number of launches from India, from current 4-5 per year to at least 15 per year;
and increase the number of Make in India satellites that are launched within the country and
outside India. Importantly, all this must be done maintaining the advantage of being most cost
effective and ensuring safe, secure and reliable solutions.

A significant enabler to achieve this is the application of Product Life Cycle Management
(PLM) tool. PLM helps to reduce time to market, cut costs, increase productivity, improve quality
and bring in innovation. Product Life Cycle management is a powerful package of tools that
dominates every industry today and has become the mainstay of all modern-day innovation
driven industries.

Sustainable space solutions and products demand all lifecycle phases to be optimized and
adopting PLM provides a foundation for strong disciplined systems engineering. PLM will be an
important enabler to achieve ‘Make in India’ objectives for Space sector.

I am very happy to note that a dedicated international conference is being organized on
“Product Life Cycle Modelling, Simulation and Synthesis” (PLMSS-2021)"” by Vikram Sarabhai
Space Centre and Indian Institute of Space Science & Technology through virtual mode.

| urge all the participating stakeholders including R&D institutes, academia and industry
to make the best use of this common platform, and work together to discuss and deliver novel
scalable solutions to the current challenges in PLM from the space system perspective.

Dr. Pa;an Kumar Goenka

Chairperson designate, IN-SPACe

| wish the Conference a grand success.
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Dr. B. N. Suresh
Chancellor, IIST

I am very pleased to note that that Indian Institute of Space Science and Technology
(IIST) andVikram Sarabhai Space Centre (VSSC) is organizing anlnternational
Conference and Workshop: “Product Life Cycle Modelling, Simulation and
Synthesis (PLMSS-2021)” scheduled during December 17-18, 2021 through online
mode.

The strategic sectors of aerospace and defense require various complex products for
different applications. In the realization of such products successfully it becomes
imperative to follow the management of product life cycle involving the engineering,
design, manufacture and all other elements associated with its service life. Both
these sectors have adopted these practices and their efforts in this area over the last
couple of decades have started giving very meaningful results.

As the nation embarks upon “Digital India’, it is the need of the hour to consolidate
these gains in the field by bringing the associated development teams, user agencies
and industries on a common platform. This workshop and conference are indeed
relevant to keep abreast with the latest developments taking place world over in
this important field. Therefore, it is quite apt that this Conference is being organized
now to consolidate our experiences and generate a well-structured blueprint for all
our further projects.

I am sure this pre-conference workshop and the conference will give an excellent
opportunity to all academicians, professionals as well as the industries engaged in
the product development to interact and exchange their experiences and innovative
ideas and formulate a way forward for self-reliance in this niche area.

I convey my very best wishes to all participants and wish the Workshop and
Conference a grand success.
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| am very happy to note that 8" Edition of “Product Life Cycle Modelling,
Simulation and Synthesis (PLMSS-2021)" is planned from December 17-18, 2021 in
online farmat.

From the first conference organized by ADA, Bangalore jointly with 11S¢ to the
eighth edition of the conference jointly organized by Vikram Sarabhai Space Centre
(VSSC) and Indian Institute of Space Science and Technology (IIST); the response
has grown substantially as evident from the number of registered participants and the
large number of contributed papers.

www.hal-india.co.in

With robust and fast disciplinary analysis tools, widespread availability of
computation power and good expertise, Product Life Cycle Management (PLM) is
soon likely to become the defecto method for managing entire life cycle of a product
from its inception throughout the life of the product, be it in aerospace domain or any
other systems. PLMSS concepts were widely used in Aerospace Engineering field.
But, today its scope and foot prints are observed in all engineering fields due to its
relevance and the benefits emerging out of using such practices.

| am sure the pre-conference workshop and the conference will be beneficial to
the Engineering community in the country. | wish the Workshop and conference a
great success.

Best Regards,
) i J ‘I“.f"a A
L =
(R. MADHAVAN)
Bangalore
22 Nov, 2021

15/1, By deew®, worisueth - 560 001, 808, 15/1, Fa Us, HTeR - 560 001, R
15/1, Cubben Road, Bengaluru - 560 001, India
AU Ed (gum) Ph. @ +91-80-2232 0105, 2232 0003, mp‘:’ () Fax ; +91-80-2232 0240
@ @uee?® (4) Emall : chairman®hal-india.co.in
CIN:L35301KA1963G0I001622
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S.N. Subrahmanyan
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Message

| am immensely pleased to note that the 8" edition of International Conference on “Product Life
Cycle Modelling, Simulation and Synthesis (PLMSS-2021)" is being organized in digital format
jointly by Vikram Sarabhai Space Centre (VSSC) in association with Indian Institute of Space
Science and Technology (IIST) during December 17-18, 2021.

This Conference will create better understanding of recent advancements in the Product Lifecycle
Management and provide an opportunily o domain specialists to showcase their ideas and
innovations. Am sure that the International Conference and the pre-conference workshop will be
beneficial to all the researchers from academic institutions, R&D labs and professional from
industries.

The International Conference of this magnitude/multi-disciplinary theme would not have been
possible without the supporl of PLMSS trust which is jointly Managed by Defense Research
Development Organization (DRDQ), National Aerospace Laboratory (NAL), Aeronautical
Development Agency (ADA), Indian Institute of Science (lISc) and other Indian Industries.

This Conference will also enhance awareness of recent trends in Computer Aided Design,
Modelling and Engineering, Product Lifecycle Management (PLM) and Enterprise Resource
Planning (ERP) and contribute to betier system development.

| convey my best wishes for the success of the conference and hope that the deliberations held
will move the state of current understanding, forward.

!’Qﬂq"ww,w

S N Subrahmanyan (SNS)

Larsen & Toubro Limited

Registered Office: L&T House, N. M. Marg, Ballard Estate, Mumbai - 400 001, INDIA
Tel ;481 44 2252 6121, +971 22 6696 5455 Fax +971 22 6696 5386

Ermall | sns@Lntecc.com www Larsentoubro.com

CIN; LOSO9INH T 946PLC00I 768
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SANJAY JAYAVARTHANAVELU
CHAIRMAN & MANAGING DIRECTOR

1 am happy to be a part of the Bth edition of the PLMSS (Product Life Cycle Modelling, Simulation
and Synthesis) Conference, This year's event, held in the virtual mode, is jointly led by the Vikram
Sarabhai Space Centre (VSSC) and the Indian Institute of Space Science and Technology (1IST). I
am delighted to note that the organizing team has done an exceptional job choosing quality
research presentation papers, excellent keynote addresses and a suitable selection for the master
class session.

This year's conference sees the participation of many Research Institutes, Government R&D labs
and the Indian Industry, the inherent stakeholders for the growth of Product Life Cycle Management
Research & Implementation in India.

Product lifecycle management (PLM) is the process of managing a product's lifecycle from inception,
through design and manufacturing, to sales, service, and eventually retirement. As a technology,
PLM software helps organizations develop new products and bring them to market. PLM helps
connect geagraphically distributed multi-disciplinary teams, shortening product introduction time,
Increasing productivity and quality, optimizing cost through waste elimination.

I am confident that through conferences like PLMSS, meaningful interaction between research

institutes, academia, and industries can happen on a topic llke PLM. As conference patron, 1
confidently look forward to productive participation and interaction amongst all participants.

I take this opportunity in conveying my best wishes for the success of the conference.

an anl.

s Y JAYAVARTHANAVELU

CORPORATE OFFICE: 34-A, Kamara) Road, Cambatore - 541 018, Phone: #91 422 7188100
REGISTERED OFFICE: Penanakenpalaysm, Compaiere - 641 020, Ingsa Welbsite: Imwglobal.com

GSTIN ® 3IAAACLEZ44N1ZF CIN - L29269TZ21882PLC000483
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December 6, 2021

Product Lifecycle Management (PLM), which has gained immense prominence in the
recent past, has been a very important tool for many successful organisations across the
globe. PLM empowers designers & engineers with the ability to estimate & model various
phases from product conceptualisation, idea generation, prototyping, embodiment, launch,
growth and stabilized production. It is extremely important to plan the revisions /
improvements in the design, introducing variants as well as initiating new product
development.. Aerospace sector has been successful in imbibing this in their product
development. The recent advancements in the Aerospace sector, combined with unlocking
the space sector in the country, have bolstered the importance of implementing concepts
like PLM in the organisations to stay current and relevant in the market.

With this primary objective, Vikram Sarabhai Space Centre Is pleased to host an
'International Conference on Product Lifecycle Modeling, Simulation & Synthesis' - PLMSS
2021' during December 17 - 18, 2021 via online platform in association with Indian Institute
of Space Science & Technology (lIST) and PLMSS trust and supported by various
prominent industries,

| firmly believe that the conference will be a beneficial platform for practicing professionals,
researchers & student community for valuable exchange of information related to current
developments in the field of PLM. This will also provide an impetus to adopt the product
lifecycle management technigues in strategically important sectors. | wish the organisers
and organising committee of PLMSS5-2021 a grand success.

(S Somanath)
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| am glad lo note that Vikram Sarabhai Space Centre in association with Indian Institute of
Space Science and Technology(lIST) is organizing a two-day International conference with
one-day pre-conference workshop on “Product Life Cycle Modelling, Simulation and
Synthesis (PLMSS-2021)" during December 17-18, 2021 on virtual mode.

Product Lifeeycle Management (PLM) is one of the most important arena for planning and
accelerating producl deliverables, optimizing cost and maximizing revenue of major
manufacturing indusiries. With its success in the manufacturing domain, it is only logical that
aerospace and other high value, technology product organisations will embrace it to make
their complex processes cohesive, simplified and streamlined.

PLM system i a natural requirement for space technology. Satellites in particular, are
compiex and challenging because of their multidisciplinary nature. encompassing various
domains of Engingering & Science, hardware and software, Space technology organisations
are considering the available alternatives for system engineering of space systems to move
from the well-known dacument based system to IT enabled model based systems. In-a world
disrupted by the Covid-19 pandemic, the IT enabled, model based approach for system
engineering of space systems deserves a serous look: to enable closed loop collaboration
of the design, management and suppller teams. The expected outcomes of reduced cost,
better documentation and assured end to end traceability makes PLM systems worthy of
serious consideration.

PLMSS-2021, International conference al this junciure, is an ideal platform for he
participants, especially from the Space lechnology community, o understand the fulure
Irends & challenges in the Product Lifecycle Management (PLM) and fo enhance the
participant's knowledge base. Thus paving way for tomorrow's competitive warld,

Canceived by the PLMSE trust, the PLMSS series of conferences and workshops have been
focusing on not only the Product Lifecycle Management, but also on other related fields
including CAD, CAM, CAE and ERP. | am happy to note that, this year the PLMSS-2021
organisers have included the emerging topics of Block Chain, Digital Twin & Digital Thread,
Augmented and Virtual Reality (AR and VR), Cloud Deployment etc.

| am confident that, this conference will benefit with valuable takeaway for all the parficipants
and | wish PLMSS-2021 a great success.

M. SANKARAN

W SR S WA INDIAN SPACE RESEARCH ORGANISATION
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Indian Space Research Organisation (ISRO) is one of those scientific and technical organizations in
India, which have the privilege and responsibility of developing complex engineering systems with
activities spanning from concept to delivery. Over last few decades, activities of ISRO in general
and Space Applications Centre (SAC) as well have increased manifold with the development of
array of sophisticated technological payloads. While technological advancement is of utmost
significance, its limely and efficient implementation is also equally important, especially in the
present context of newly announced reform policies for space sector under New Space.

In my considerate view, Product Lifecycle management can help ease the pressure of managing
project elements. It can establish the context in the inception phase of a project by identification of
various activities, resources in the form of manpower, infrastructure, budget funds etc. and an
underlying, well defined reference framework for execution of various activities. All these being
done digitally, it eliminates an exclusive need of manual intervention for project management. This
has become very relevant in this Pandemic era, where contactless management transactions are of
essence and have become the new normal.

Human Spaceflight is the new endeavour by ISRO. This area leaves no room for any errors as
human life is involved. Special needs of this new program include development of human centric
technologies with human rating and cerlifications instead of only technology centric approach being
followed tll now in SAC and ISRO. Thus, Product Life Cycle Management (PLM) becomes an
inevitable tool in Human Spaceflight Programme to support these activities leading to certification
and [ believe PLM will now have even greater relevance.

I wish all the suecess to the pre-Conference Workshop and the two-day International Conference on
“Product Life Cycle Modelling, Simulation and Synthesis (PLM55-2021)". [t will also give good
exposure of the state-of-the-art approaches in PLM to all the participants and an oppertunity to
listen to various experiences in diversified felds.

DL [P

o
Place; Ahmedabad (T T3 &s) /(N M Desai)
Date: 7 Decermber 2021 gy / Director

e Aatray 3]:—_[;:]1:\51".;{ TS 1__ INDIAN SPACE RESEARCH ORGANISATION
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It gives me immense pleasure to note that VSSC along with IIST is organizing
a two-day International Conference along with o one-day Pre-conference
Workshop on Product Life Cycle Modeling, Simulation and Synthesis—PLMS5-2021.
This seemns to be the first time our space community is organizing a Conference on
this topic which is highly relevant in the current scenario of Space reforms and the
need to cater to multiple launches and hardware deliveries at very short intervals.

Novel concepts like Product Life Cycle Management [PLM] have to be
seriously persuaded as we are presently facing the pinch of muitiple launches,
multiple developmental initiatives, testing hardwares for varied missions, large
scale fabrication through external industries and amonagst all these maintaining
high quality output. PLM has very high relevance in our scheme of things as at
present we need to roll out hundreds of components/modules/electronic packages
for qualification/testing/flight in a concurrent manner, This scenario calls for the
management support ond novel techniques to streamline products. production,
time and cost. PLM is one effective way to achieve this os it is the foundation of
Digital thread delivering supply chain agility and product flow continuity. Data
Covernance and traceability provided by PLM shall definitely enable us to
accelerate our product delivery, and drive down costs without compromising on
quality and compliance.

It is so very pertinent that our technologists are well-versed with such
techniques like PLM and | am sure this Conference shall provide ample insight to
such tools. The Conference shall also throw light into newer management concepts
like Knowledge modeling, Virtual factory, Kanban/Agile methodologies etc.

| am sure, this International Conference shall bring together professionals
working in these fields from various sectors and shall provide a very good platform
for knowledge, experience sharing and fruitful technical interaction between
Researchers, Academia and Industries. At this juncture, let me extend my Best
Wishes for the International Conference, PLMSS-2021.

November 9, 2021,

v AR W e Indian Space Research Orpanisation
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I am glad to know that Vikram Sarabhal Space Centre (V55C) in association with Indian
Institute of Space Scienca & Technealogy {IIST) is organizing the 8™ edition of two-day
International Conference and Pre-conference workshop on Product Life Cycle Modelling,
Simulation and Synthesis (PLMSS-2021} on 17-18 Dec 2021. The topics chosen for this
conference are apt to the theme and keeping pace with endeavours of ISRO in near
future.

Continuous improevements with positive feedback ts very much essential to keep any
Product or System conternporary. it is necessary to include a perennial feedback loop of
improvernents in the processes or applications that the product/system addresses as part
of its Life Cycle management.

The higher the agility that is built inte the Product/System design, the greater is the
industrial and societal benefits it will deliver. The need of the hour is 1o implement the
human potential in making the processes increasingly autonomous throughout its life
cycle, s that repeatability, refiability and amenability for quick change are ensured.

Workshops such as these, go a long way in acquainting the delegates about the advances
trends in Product Life Cycle Management, The very fact that it is being beld in virusl
mode will enable all the delegales to enrich their knowledge following all safety protocols
against the engoing pandesmic.

I heartily compliment the organisers and wish them all the best for this Conference.
e +5
{A Rajaraian)
Director, SDSC SHAR

T Tty T e Indian Space Research Organksation
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Distinguished Scientist & Director

Message

Arnold Toynbee, the renowned British historian, used the concept of “Challenge
and Response” to explain how civilisations like the Indus, Maya, Mesopotamian,
Roman, Persian, etc. were built, thrived and declined with time. Rise and fall are
built into every system. The period of sustenance depends upon the ingenuity of
the response to the challengesand how the intermediate stages are managed
through innovations and mid-course corrections.

The concept of product life cycle management (PLM) too deals with the
beginning and inevitable decline of products, interlaced with the intermediate
stages of growth and maturity. Any product developer will strive to go fast
through the stages of introduction and growth and delay the inevitable decline as
much as possible. PLM had its origin in the mid-1980s as a manufacturing
business tool for maximizing the advantage of bringing new products to the
market first. However, within very short time it evolved into a powerful tool to
shape everything from engineering trade studies and testing to integrated vehicle
operations.

With the advent of the digital revolution, the idea of a digital-twin -where a fully
functioning digital model of a physical system is created- to take the product
virtually through the four different phases of product life, has become
commonplace. Such a digital model helps in understanding how to accelerate
faster through the initial phases of introduction and growth and to stay longer at
the maturity phase well before the product hits the market.

Globally, the Space sector is no longer in State domain with many commercial
entities and startups becoming active partners in Space programmes including in
human Space flights. In order to stay competitive and to bring out products and
services faster, tools like PLMS are of great use. In that context, it is highly
appropriate that VSSC with IIST is taking the lead in organizing PLMSS-201,
an international conference on this topic.

I wish the conference every success.

WW&IWW/ Indian Space Research Organisation
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it is heartening to know that Vikram Sarabhai Space Centre and
Indian Institute of Space Scienge & Technolngy are erganizing a
two day Infemnational Conference with one day pre-conference
workshop on “Preduet Life Cycle Modeiling, Simulation and
Synthesis (PLMSS-2021Y" duning December 17-18, 2021 through
virtal mode.

The theme is more appropriate for 2 better understanding on the systematic and
function onienied approach to improve the value of new and advanced technologics
from the design stage omwards, | hope the conference will provide valuable insights
for value improving fechniques while addressing the different aspects of technology
development including materials, design and realisation of each and every system
without decreasing its quality, function or relfability,

| am sure the Conferenca and the warkshop would be greatly ulilised by all scientists,
academic experts, and R&D professionals so that innovative ideas can be exiracted.

i extend my hearty wishes for the grand success of PLMSS5-2021.

B IR
g= eI &2

Dated: November 17, 2021 {Umamaheswaran R)

wReg araiiar aagammm'—r { Indian Space Research Drganisation
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AT I Government of India

Faf fwmr Department of Space

O SIS worre gfae byl ISRO Inertial Systems Unit
o3t ‘;‘ Ly Vattiyoorkavu P.O

fersaaagH 695 013 i Thiruvananthapuram-525 013

qm:+91(4?1}2361933!2559333 TR Telephona: +31(471)2361933 1 2569333

Haw +91(471) 2361973 - - Fax: +01(471)2361973

A7 - iisu_director_officed@vsse.gov.in e-mail: iisu director_office@vssc.gov.in

37 &1 ®rA zare 24/ 0r. D Sam Dayala Dev 7{$

fafirez darfers ! Distinguished Scientist M

#2914 | Director

MESSAGE

\

| am extremely glad lo note thal Vikram Sarabhal Space Centre (VSSC) in association with Indian Institute of
Space Science and Technology (ST) is organizing an Intemational Conference PLMSS- 2021 on “Product
Lifecycle Modelling, Simulation and Synthesis™ during Decamber 17-18, 2021 through virtual mode.

The Aerospace seclor especially the space has always been way ahead of ihe other ndustries in t1erms of
adoption of the lates! technolegies, classical examples being CAD & CAX As ISRO gears up for the next
decade with several {echnologically complex missions Including Gaganyaan and RLVs, a highly focussed
approach is mandatory with regard to product definilion & design, engineenng processes, realisation and |as),
but not the least, the maintenance of the integrity of the information througheul the life of the product This inour
case |s a sustained period as our Spacecrafts have 1o work for several years in orbit.

| am sure that the conference will provide a unique platform to mgnlighl the recent and emerging lechnological
developments in the area of modelling, simulalion and synthesis. With the Absolute Qualily implementation for
all systems/subsystems in the lime light for ISRO programmes, the modelling and simulation are going lo be the
two- pillars- providing strength and confidence to the designers This should be coupled with reliability
enhancement fechniques and hence to realise a zero defect system for the prestigious future missions of
National importance. A glimpse of the emerging ideas and the possibilities they hold in the area of simulation/
synthesis technigues will definitely lead to innovative solutions for system design

At this juncture. | congratulate VSSC and IIST for providing the right leadership and piatform to inspirg Ihe
technologists working In this vital arena. The core recommendations emanaling from the deliberations of the
conference are .going to enhance the efforts in overcaming the technological challenges and Ultimately for
utiisation of the systems with no rejection

I wish the conference a grand success. M/ .

November 12, 2021 . WA ZaTw g4l
| D SAM DAYALA DEV

AT AR FATHUH H5A 3:1’4% Indian Space Research Organisation
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MESSAGE

wEptATr a3, Faeadsh B -627 133 Mahendragiri P.O., Tinmetvesi District - 627 133

HRG ST Government of India

ety T i Depariment of Space

TR A wiecaay (Irddam) ISRO Propulsion Complex (IPRC)
=9 isra

GECE G Tamil Nady, India
o o e+ 3852 20t
S 04637 - 281447 Fax : (4637 - 281447
Email . directon@ipre.gov.in
K. ALAGUVELU
Director

The prime endeavour of space technology managers is to ensure the availability of
right productitechnology at appropriate time at economical cost. It is easier said than
done. The challenge posed by this demand is intense due to the fact that design and
development of high end technologies like space system technologies is fraught with large
scale of uncertainties and at the same time have only limited users/markets. Also the cost
involved in the design, development and production of space systems is prohibitively very
high.

Amidst such complexities, Product Life Cycle Modelling, Simulation and Synthesis
gives hope in providing reasonable solution to these problems. Technology managers as
well as entrepreneurs worldwide are successfully employing this Product Life Cycle
Management strategy nowadays and reaping the benefits. In such circumstances, | am
very glad to note that Vikram Sarabhai Space Centre (VSSC), in association with Indian
Institute of Space Science and Technology (lIST) is organizing a two-day International
conference with one day pre-conference workshop on “Product Life Cycle Modelling,
Simulation and Synthesis (PLMSS-2021)" during December 17- 18, 2021. | am hopeful
that this conference and workshop will facilitate exchanging of new modelling approaches,
sharing best practices and establishing newer standards and benchmarks in this field.

| wholeheartedly wish grand success of this event and hopeful of this event being
very much fruitful to all the participants and in particular to the organizing institutions
namely Vikram Sarabhai Space Centre (VSSC) & Indian Institute of Space Science and
Technology (I1ST).

With warm greetings and wishes,

(K Alaguvelu)
AT HARE IHTE F9EF Indian Space Research Organisation
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PRODUCT LIFE CYCLE MODELING, SIMULATION AND SYNTHESIS (PLMSS)
TRUST , Established in 2014
CSIR — National Aerospace Laboratories, P.B. No. 1779
HAL Airport Road, Kodihalli, Bengaluru, 560017, India
Mobile: 9880017049

MESSAGE

We are happy that Vikram Sarabhai Space Centre (VSSC) is
organising the 8™ International Conference on Product Life Cycle,
Modelling, Simulation and Synthesis (PLMSS-2021) and the Pre-
Conference with the Theme “Product Life Cycle — Space System
Perspective”, jointly with Indian Institute of Space Science and

Technology (IIST) in Thiruvananthapuram from Dec. 16 to 18",
2021. VSSCis a pioneer in Rocket Research and Launch Vehicle Projects and pursues research
in multifarious development activities associated with areas like Propellants, aero dynamics,
aero Structural, composites, vehicle integration and testing just to name a few. Hence it is
very appropriate that such a Conference should be organised by VSSC to share and
disseminate knowledge among Engineering Community in these areas. We understand that
large diverse organizations have sent in contributed papers for the Conference and that the
Pre-Conference Workshop has speakers who are experts from India and Abroad.

The Product Lifecycle, Modelling, Simulation and Synthesis Trust (PLMSS) was setup in
December, 2014 by Eminent persons from Organizations of DRDO, ADA, NAL, 1ISc and other
Industries. It was formed in order to take up research, aid, promote, guide, manage,
coordinate, execute and disseminate activities during the complete lifecycle of a Product or a
Project. Till date Seven International Conferences and Three Workshops have been conducted
successfully.

The Chairman and Managing Trustee, Vice-Chairman, and all the Trustees have expressed
great pleasure to be associated with organisers of the Conference. We look forward to the
successful completion of the Workshop and Conference.

On behalf of the Trust, | extend warm greetings and good wishes to the organisers, VSSC and
IIST and Participants. We are sure that the participants will get technically enriched by
attending the Workshop and Conference.

CQ. <. 620//\'\04/\ ﬂ/éi?dbt«

Dr. R K Ramanathan
Hon. Secretary, PLMSS Trust
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PREFACE

M. Mohan

Deputy Director, VSSC (MME) /
Chairman, Organising Committee
PLMSS 2021

It is our pleasure to welcome you to the 8th International Conference on Product
Life Cycle Modelling, Simulation and Synthesis (PLMSS) - 2021 being conducted in
Digital Platform by Vikram Sarabhai Space Centre (VSSC) and Indian Institute of
Space Science & Technology (IIST) in collaboration with PLMSS trust.

A major objective and feature of the conference is to facilitate exchange of ideas
and share experiences and research results about many aspects of Product Lifecycle,
engineering and synthesis. It is gratifying that there was a huge response to the call
for technical papers and briefs from the various scientific organizations, institutes and
industries in various disciplines of engineering, technology and simulations.

We hope the participants will have a very rewarding experience, enhance their
knowledge in PLM and engage in a spirit of innovation. PLMSS 2021 would be
both stimulating and informative with a wonderful array of keynote and invited
speakers from across different domains of science and technology. The topics for the
conference were carefully chosen to attract papers from emerging fields like Digital
manufacturing, AM, Al & ML, in addition to the classical fields of aeronautics,
aerospace, simulation, CAD/CAM, propulsion etc.

I am sure that, with your support and participation, the conference will continue
its success for a long time. We would like to thank the organization staff, the members
of the program committees and reviewers, who had given valuable suggestion for
the authors to improve the quality of the papers/presentations. We also would like
to express our gratitude to the authors for contributing their research result to the
conference.

Finally, special thanks to Indian National Academy of Engineering (INAE) and
Springer Press for agreeing to publish in an exclusive Transactions of INAE.
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ABOUT THE CONFERENCE

ikram Sarabhai Space Centre (VSSC) and Indian Institute
VOf Space Science and Technology (lIST) is jointly hosting
the 8th International Conference on Product Lifecycle Modelling,
Simulation and Synthesis (PLMSS - 2021) in collaboration with
PLMSS Trustduring 17-18 December 2021 along with pre-conference
workshop on “Digital Aerospace Manufacturing” on 16 December
2021. The theme of PLMSS 2021 is “Product Lifecycle-Space System
Perspective”. The conference and pre -conference workshop will be
conducted in online mode.

8™ INTERNATIONAL CONFERENCE ON
PRODUCT LIFECYCLE MODELLING, 43
SIMULATION & SYNTHESIS
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ABOUT VSSC

Vikram Sarabhai Space Centre (VSSC) is the lead Centre
of Indian Space Research Organisation (ISRO) under the
Department of Space (DOS), Government of India. The Centre
isnamed in the fond memory of DrVikram A Sarabhai, the great

visionary leader and the father of Indian Space Programme.
VSSC pioneers in rocket research and launch vehicle projects
of ISRO. The Centre also pursues research and development
activities in associated areas like propellants, solid propulsion
technology, aerodynamics, aero structural and aero thermal
fields, avionics, polymers and composites, guidance, control
& simulation, computer and information, mechanical
engineering, aerospace mechanisms, vehicle integration and
testing, space ordnance, chemicals and materials. Systems
reliability and quality assurance of all aspects of engineering
and operations are assessed and evaluated to the levels of

conformance to specifcation.

8™ INTERNATIONAL CONFERENCE ON
PRODUCT LIFECYCLE MODELLING, 45
SIMULATION & SYNTHESIS
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ABOUT IIST

Indian Institute of Space Science and Technology

(IIST) functions as an autonomous body under the
Department of Space, Government of India. The institute
is the first of its kind in the country to offer high quality
education with special focus to space sciences, space
technology and space applications. [IST offers various
undergraduate and post graduate programmes in areas
relevant to space science and technology. The institute
also recognizes the importance of research in developing
future technologies and applications of space research.
lIST encourages close collaboration with DOS/ISRO
centres through joint research projects. With Dr. A P J
Abdul Kalam as the first chancellor, the institute has an
enviable reputation among the educational institutions
in the country.

8™ INTERNATIONAL CONFERENCE ON
PRODUCT LIFECYCLE MODELLING, 4’7
SIMULATION & SYNTHESIS
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ABOUT PLMSS TRUST

PLMSS TRUST was registered on 03 December 2014 as a
nonprofit organisation. The trust is headed by eminent
persons from the organisatons of DRDO, ADA, NAL, IISc
and other industries. It was formed in order to take up
research, aid, promote, guide, manage, coordinate,
execute and disseminate activities in the following areas:

1. Computer Aided Design (CAD)

2. Computer Aided Manufacturing(CAM)
3. Computer Aided Engineering (CAE)

4. Product Lifecycle Management (PLM)
5

. Enterprise Resource Planning (ERP)
and other related topics.

OFFICE BEARERS:

Dr. K Tamilmani,

Hon. Chairman and Managing Trustee.,
Former DG (Aero), DRDO.
ktmani2001@gmail.com, 9343219479

Prof. B Gurumoorthy,
Hon. Vice Chairman, CE, SID, IISc,
bgm@iisc.ac.in, 9972528596

Dr. R K Ramanathan,
Hon. Secretary. Former Project Director, ADA.

rkramanathan@gmail.com, 9880017049

Mr. V R Koushik,
Hon.Treasurer, Sc. G, ADA.
koushikada@gmail.com, 9844645842

https://www.plmss.org.in/

8™ INTERNATIONAL CONFERENCE ON
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PATRONS

Dr. K Sivan Secretary, Dept. of Space and Chairman, ISRO

Dr. G Satheesh Reddy Secretary, Dept. of Defence R&D and Chairman, DRDO
Dr. B N Suresh Chancellor, IIST

Prof. Govindan Rangarajan Director, 11ISc

Shri. R Madhavan Chairman and Managing Director, HAL

Shri. S N Subrahmanyan CEO & MD, Larsen and Toubro

Shri. Sanjay Jayavarthanavelu CMD, Lakshmi Machine Works Ltd.

ADVISORY COMMITTEE

Dr. S Somanath Director, VSSC, Chairman

Dr. Y V N Krishna Murthy Registrar, IIST

Dr. V Narayanan Director, LPSC

Shri. K Alaguvelu Director, IPRC

Dr. D Sam Dayala Dev Director, 1ISU

Dr. Girish S Deodhare Director, ADA

Shri Jitendra J Jadhav Director, CSIR-NAL

Dr. Tamilmani K Chairman & Management Trustee, PLMSS Trust
Prof. B Gurumoorthy Co-chair, PLMSS Trust & CE-SID, IISc Bangalore
Prof. Chandramouli P Professor, [IT Madras

Dr. Upadhya AR PLMSS Trust, India

Shri. M Mohan Deputy Director, VSSC (MME), Member Secretary

ORGANISING COMMITTEE

Shri. M Mohan VSSC, Chairman
Shri. Narayanan Namboodiripad M VSSC

Dr. Rajalakshmi Menon CABS, DRDO
Dr. R K Ramanathan PLMSS Trustee
Shri. Venkateswara Rao Koushik  ADA

Prof. Ananthasuresh G K [1Sc

Dr. Ashok V VSSC

Shri. Anil Kumar K ISU

Smt. Athula Devi S VSSC

Shri. Premdas M VSSC

Shri. Shooja A VSSC
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Shri. Thaddeus Basker V

VSSC

Shri. Anandapadmanabhan E N VSSC

Dr. Sunil Kumar S

Dr. Asraff AK

Shri. Alex A

Dr. Aniyan S

Prof. Kuruvilla Joseph
Dr. B S Girish

Dr. Sundararajan T

Dr. Benny K George
Dr. Ramesh Narayanan P
Shri. Vinod S S

Smt. Beena AP

Smt. Beena P

Shri. Presennakumar B
Shri. Victor Joseph T

LPSC
LPSC
LPSC
BATL
[IST
lIST
VSSC
VSSC
VSSC
VSSC
VSSC
VSSC
VSSC
VSSC, Organising Secretary

TECHNICAL COMMITTEE

Dr. Ashok V

Shri. Premdas M

Shri. Thaddeus Basker V
Shri. Krishnadasan C K
Dr. Sunil Kumar S

Dr. Asraff AK

Shri. Vinod Kumar N
Prof. Ananthasuresh G K
Prof. Kuruvila Joseph
Dr. Girish B S

Dr. Santhosh B

Dr. Bijukumar K S

Dr. Narayana Murty SVS
Dr. Anilkumar V

Dr. Desikan SLN

Smt. Vani V

Dr. Ravisankar S

Smt. Anshu Bhatia

Dr. Reena Sharma

Dr. Christopher Solomon S

VSSC, Chairman
VSSC

VSSC

VSSC

LPSC

LPSC

VSSC

[ISc

[IST

IIST

CMSE

LPSC

LPSC

VSSC

VSSC

ADA

NAL

DRDO

CABS, DRDO
VSSC, Member Secretary
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RESOURCE MOBILISATION COMMITTEE

Sudhir George Verghis
Alex A

Paul Pandian S
Deependran B
Muraleekrishnan R
Girish V

Shaji Thomas
Govind
Manickavasagam A
Biju Prasad B
Aniyan S

Beena P

Sivan Kutty KR

VSSC, Chairman
LPSC, Co-Chairman
VSSC

VSSC

VSSC

VSSC

VSSC

VSSC

VSSC

VSSC

VSSC

VSSC

VSSC, Member Secretary

WEBSITE, NETWORK &
SOFTWARE MANAGEMENT COMMITTEE

Shooja A
Chandrasekharan C
Presennakumar B
Dushyant M P

Anil Kumar Garg

Rohit Kumar Gupta
Perumal AE

Ashok Bandyopadhyay
Jayadevan MR
Rathidevi Sathiskumar
Swapna S

Shete Mayuresh Kailas
Praveen KS

Renjith S

VSSC, Chairman
VSSC

VSSC

LPSC

VSSC

VSSC

VSSC

VSSC

VSSC

VSSC

VSSC

VSSC

VSSC

VSSC, Member Secretary
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SOUVENIR, BROCHURE AND
PRINTING COMMITTEE:

Benny K George VSSC, Chairman
Ani Daniel Kurian VSSC

Renjith Devasia VSSC
Mariappan S VSSC

Abhilash K P VSSC
Saravanan N VSSC
Rajendran P VSSC

Sanoj V VSSC

Arjun Narayanan VSSC
Jayaprakash R VSSC
Santhosh Kumar S VSSC, Member Secretary

EVENT MANAGEMENT COMMITTEE

Athula Devi S VSSC, Chairperson
Sundararajan T VSSC

Vinod SS VSSC

Beena AP VSSC

Sheeju Chandran VSSC

Letha PB VSSC

Rajesh Rajasekharan VSSC

Rajeev RS VSSC

Jerry Calvin J VSSC

Manoj R ISU

Sreejith M VSSC

Temina Mary Robert VSSC

Dennis Mathew VSSC

Sandeep P VSSC, Member Secretary
REGISTRATION COMMITTEE
Premdas M VSSC, Chairman
Narayanan G VSSC, Co-Chairman
Damodaran P VSSC

Sreelatha P VSSC
Nallaperumal M VSSC
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SOUVENIR

Sebastian
Senthil Kumar A
Sandeep Verma
Dayal KK

Shijo Xavier

Rajesh Prabhudas Mohod

Lyjith K

Rahul R

Ashok Kumar K
Anoop V
Venkateswaran T

COMMITTEES

VSSC
VSSC
VSSC
VSSC
VSSC
VSSC
LPSC
VSSC
VSSC
VSSC
VSSC, Member Secretary

PUBLICITY & MEDIA COVERAGE

Anandapadmanabhan EN

Harish CS
Ganesh Pillai M
Rajesh V
Prasanna G
Jayakrishnan KR
Shiju G Thomas
Arun Jose KA
Robin VT

VSSC, Chairman

VSSC

LPSC

VSSC

VSSC

VSSC

VSSC

VSSC

VSSC, Member Secretary

EXHIBITION COMMITTEE

Ramesh Narayanan P
Raghu N
Arumugam M
Jacob Philip
Sheena Abraham
Manohar M
Sujith Kumar R
Anoop CG

Sunil S

Pramod R Nair
Jawaharji K

Aby Isaac

Vimal Thomas

VSSC Chairman
VSSC Co-Chairman
LPSC

VSSC

VSSC

VSSC

VSSC

VSSC

LPSC

VSSC

VSSC

LPSC

VSSC, Member Secretary

BOOK OF ABSTRACTS



PUMSS

2021

m/mss\

a0z INAUGURATION

Thiruvananthapuram

17™ DECEMBER 2021

9.30-9.35 Invocation
9.35-9.40 Welcome Address Shri Mohan. M
Deputy Director, MME, VSSC, Chairman
Organising Committee, PLMSS-2021
9.40-9.50 Presidential Address Shri. S. Somanath

Director, VSSC

9.50-10.10 Inauguration & Address Dr. K. Sivan
Chairman, ISRO/Secretary DDS

10.10-10.15 Release of Souvenir Dr. V. Narayanan
Director, LPSC

10.15-10.30 Felicitations Dr. V. Narayanan
Director, LPSC

Prof. Gurumoorthy. B
Co-Chair, PLMSS Trust

Dr. D. Sam Dayala Dev

Director, 1ISU

10.30-11.00 Keynote Address Dr. Tessy Thomas
Director General, Aeronautical Systems,
DRDO

11.00-11.05 Vote of Thanks Shri. Victor Joseph. T

Group Director, PPEG
Organising Secretary, PLMSS-2021
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TIME

EVENT

09:30-11:05

Inaugural function

11.15-12:00

Invited Talk: Dr. Unnikrishnan Nair, Director HSFC

12:00-12:45

Invited Talk: Shri. B.H.Laxmesh, Head Aerospace & Defense, L&T

Audi-1

Audi -2

Audi-3

14:00-17:15

Session CP-1

Materials & Manufacturing Process
Development & Simulation

Session CP-2
Space System Design

Session TB-1

SESSION CHAIR:

Shri. Saratchandran S, Former
Dy. Director, VSSC

SESSION CHAIR:

Prof. Kurien Issac K
Sr. Professor & Dean, IIST

SESSION CHAIR:

Prof. Sivashanmugam
NIT, Trichy

RAPPORTEUR:
Smt. Nagapriya S, VSSC

RAPPORTEUR:
Shri. Viswanath V, LPSC

RAPPORTEUR:
Dr. R.K.Gupta, VSSC

TIME

EVENT

09.00 - 09.45

Invited Talk : Shri. Sameer Prabhu, Worldwide Industry Marketing Diector, Mathworks

09:45-10:30

Invited Talk: Shri. Yannick Wittner, A&D Industry Global Market Development Leader,

Dassault Systéemes

Audi -1

Audi -2

Audi -3

10:30-13:20

Session CP-3
Additive Manufacturing

Session CP-4
PLM Aerospace & Aircraftapplication

Session TB-2

SESSION CHAIR:

Shri. Roy M Cherian, Former
Associate Director, VSSC

SESSION CHAIR:

Dr. Reena Sharma
Former Proj. Director, CABS, DRDO

SESSION CHAIR:

Shri. Suresh MS
Associate Director, LPSC

RAPPORTEUR:
Shri. Sandeep Verma, VSSC

RAPPORTEUR:
Shri. A.E.Perumal, VSSC

RAPPORTEUR:
Smt. Pooja Dutt, VSSC

13:30-15:15

Session CP-5

Aerodynamic Mission design,
modeling & simulation

Session CP-6

Al, ML, Industry 4.0, CAD/
CAM/CAE

SESSION CHAIR:

Shri. Sowmianarayanan

Associate Project Director,
Space Transportation System,

SESSION CHAIR:

Shri. Alex A
Dy. Director, LPSC

VSSC
RAPPORTEUR: RAPPORTEUR:
Dr. Desikan SLN, vSSC Shri. Mankatiya Vittal Naik,
LPSC

16:00-17:10

Concluding Function
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PROGRAMME SCHEDULE

CONCLUDING FUNCTION

TIME

EVENT

16:00-16:05

Welcome

16:05-16:15

Gist of conference/
Proceedings

Dr. V Ashok,
Deputy Director, VSSC (AERO) /
Chairman, Technical commitee

16:15-17:00

Panel discussion

Topic : Product Life Cycle - Space System
Perspective

PANELISTS :

Dr. Sam Dayala Dev,
Director, IISU

Dr. Rajalakshmi Menon,
DRDO

Dr. Ramanathan RK,
PLMSS Trust

Dr. V Ashok,
VSSC

Shri. BH Laxmesh,
L&T

Dr. Sunil KumarS,
LPSC

Shri. M K Mishra,
HAL
MODERATOR:

Dr. SVS Narayana Murty,
LPSC

17:00-17:05

Announcement of
Prizes

Mr. P S Subramanyam,
Former Director and PGD (CA), ADA

17:05-17:10

Vote of thanks

8™ INTERNATIONAL CONFERENCE ON
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KEYNOTE ADDRESS

Dr. Tessy Thomas

Director General
Aeronautical Systems, DRDO

INVITED TALKS

Dr. S Unnikrishnan Nair Mr. B H Laxmesh
Director, HSFC Head Aerospace & Defence, L&T

Dr. Sameer Prabhu Mr. Yannick Wittner
Worldwide Industry A & D Industry Global Market Leader
Marketing Director, Mathworks Dassault Systems
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% CONFERENCE PRESENTATIONS
SESSION: CP-1

MATERIALS & MANUFACTURING PROCESS DEVELOPMENT & SIMULATIONS

PAPER
TOPIC AUTHORS
NO
Fatigue Tests under Simulated Autofrettage and Proof Manlkapdan P, Sudrashana Rao G,Muthuraju
. o N, Pravin Muneshwar, A Venugopal, VMJ

CP1-1 | Pressure Cycles for Commercially Pure Titanium (CP-70) .

. Sharma, D Sivakumar, Ramesh Narayanan P,

in Forged and Annealed Dome

Mohan M

Analysis of surface strain distribution over the biaxial Dibya Ranjan, Sushanta Kumar, Sujoy
CP1-2 | stretch-formed and deep-drawn cups of Cu-Cr-Zr-Ti alloy | Kumar & K thomasTharian, SVS Narayana

thin sheet Murthy

Serrated plastic deformation and multi-necking
CP1-3 | behaviour of 16Cr-6Ni Austenitic-Martensitic stainless Antony Prabhu, Murugesan, Sudhakar

steel at 20K
CP1-4 Sector Weld Repair Study on Ti6Al4V alloy in EBW for il i 0 5, @l el

COPV

Development of an Automated Crawler Device for
CP1-5 | Composite Sandwich Panel Inspection using an Haridas K Kh

Instrumented Coin Tap equipment

. . . . JoshwinEmmanuel Johnson, Joyal
& Shiyas&Vinayan E G,Rajesh V

Design & Slr‘nul'a.tlon of Manufacturing Processes& Tools i el Kugieny, el ke

CP1-7 | forProductionising Double Walled Nozzle Extension of ..
- . Prasad, Ajith Kumar D

Cryogenic Engine (CE-20)
CP1-8 Design and Fabrication of Low Noise Pressure Regulating | David Van Every, Srinivasan Renganathan,

Valve for the Trisonic Wind Tunnel Deependran B, Segar D G

Simulation of transient thermal profile of cryogenic Santhoshkumar R, Ajit Kumar, Ravi Ranjan
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CP1-12 Design and fabrication of cylindrical shell for flow David Van Every, Srinivasan Renganathan,

conditioning in wind tunnels Deependran B, Valmik Shukla
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Management of Space Systems
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Design Phase to Launch Venkateswaran K P, Geetha S
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CP2-8 stace of an Indian launch Vehicle Mane, Jyotirmoy Ghosh, Pratik Tolambiya,
& Harjit Singh, Mr. Bhat
CP2-9 Design and Assessment of Composite probe for soil e Jtelinn Aoy
surface temperature measurement
Design options for a mettallic tori-sperical nozzle closure | Yogesh Jamthe, Umer HM, Suresh Mathew
CP2-10 ; .
for Semi-Cryo engine Thomas, Asraff AK
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response analysis
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Integrated Numengal Modeling anfj Machlne Lear.nmg Raja Thanumoorthy, Jitender Chaurasia,
Approaches to Predict Melt Pool Dimensions during ;
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Deposition of SS316L Single Tracks using Laser Powder .

. Anil Kumar V

Bed Fusion Process

CP3-2 Repair of Agrospace Component using Additive Durga Prasad, Gurumoorthy B
Manufacturing

CP3-3 Optimization of Post-Processing Heat Treatment Cycle Apurba Roy, Anil Kumar V, Pradeep P I, SK

Singh, Govind, Ankit Sahu

Effect of post processing and comparative study of
CP3-4 |Indigenous and Imported IN 718 alloy powders for
additive manufacturing

Dineshraj S, SamuelMG, Rohit Kumar Gupta,
D Sivakumar, Govind, Ramesh Narayanan P

Parametric Investigation of LPBF of IN625 at Poor
CP3-5 | Overlap Index (30%) and at Higher Layer Thickness
(100um)

Saurav Nayak, Jinoop A N,
Christ P Paul, Kushvinder S Bindra

Characterisation of Laser Powder Bed Fusion AM

CP3-6 Processed AlSil0Mg Components for Liquid Engines

Pradeep P I, Vivek R, Anilkumar V

Understanding the Effect of Interlayer Delay on
CP3-7 | Hastelloy-X Wall Structures built using Laser Directed
Energy Deposition based Additive Manufacturing

Jinoop AN, S K Nayak, C P Paul

Prediction of IN617 deposit track features in Directed
Energy Deposition using Machine Learning

CP3-8

Dileep Kumar, Christ P Paul & Manoj K
Saxena, Kushvinder S Bindra

Study on Geometrical Features of FDM Components
CP3-9 |Based on Inegrated Material-Process Design Using Multi
Criteria Decision Making Method

Anoop M S, Sooraj V'S, Senthil P

Characterisation of L-PBF 3D Printed High Strength
CP3-10 | Aluminium Alloy Al4.8Mg0.3Sc Bracket for Aerospace
Application

Pradeep P I, Vivek R, Anilkumar V
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Requirements Capture and Schedule Management for a IR, VY STEER [ DBl S,
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Stress-wave Force Balance
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CP5-3 }/R flight simulator with cognitive load estimation SR AT, Seeme Ml bl A

eature . ; :
Pashilkar, Pradipta Biswas
Effectiveness of ADS-B integration in Airborne Rajesh Gandhi, Nanditha U, Ramkumar R,
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Surveillance Mission Rajesh R

CP5-5 Ultrathin Wideband Metamaterial based Microwave Bhavya E V, Balamati Choudhury,
Absorber Raveendranath U Nair
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CP6-1 Novel Equipping Fixture Design for Composite Aircraft Parts | Senthilnathan K, Rajesh Kumar S,
Bonded Assembly to Enhance Productivity using 3D CAD Neelakanta Gowda M N, Naik BN

CP6-2 | Practice of Agile Scrum in Product Development Chandra .Sekha.r Kappagantu, Mahesh Nair,

Basavaraja Patil

CP6-3 Artificial Intelligence as a Force Multiplier in Airborne EO/ Dl SR R ——
IR System

CP6-4 Systems and Methods for automation of layout Henri Karhula,Mike Nicolai &
generation for automative transmission graphs Akshobhya, Vinay Ramanath, Abhay Kumar
Generation of Parametric Modeler for CAD automation .

CP6-5 | using Knowledge Based Engineering (KBE) Tools i?itsyha:artlfrjiatyagitnsah,zg;lAKnuknliraIr)ét;,r
available in 3D Experience (CATIA) software p>mngh, &
Implementation of Digital Manufacturing for Aircraft .

CP6-6 Prevells srmmenei Coss Sy Durga Prasad, Tarun Kumar, Vegesna Vani
Finite Element Analysis of Stiffness of Bio-inspired Two-
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Regular Staggered Composite (SR) as Platelets
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Additive Manufacturing process development for
TB1-1 | realization of Fuel Pump Impeller of LOX hudrocarbon Rajeev Verma
based rocket engine using 17-4 PH material
Challenges and Lessons Learnt in Additive Balaii Haridasu.Srinivasa Rao L
TB1-2 | Manufacturing Technology for Realization of Wind Saik!atBhowmik’ Vellaisamu Dir’mu
Tunnel Models for Combat Aircraft ’
Wire arc Additive Manufacturing of Near-net-shape . .
TB1-3 Ti6Al4V Parts for Aerospace Applications using GTAW NI AERTE ML 22
Development of Hardware for Biology in Spaceflight:
TB1-4 | Exploring the Prospects of Design for Additive Akhil Madhavan, Kumaran G, Sreejalekshmi
Manufacturing (DfAM)
Did we "build" it correctly? - Exploring automation
TB1-5 | possibilities of on-orbit inspection for in-space additive | Ajay Agarwal
manufacturing
Topology Optimization of Additively Fabricated VTM . . .
TB1-6 || - ckets using SS316L Bl A, Aald: sa
A Study on Methodology of Topology Optimization for Air
TB1-7 Brone Structures Using Finite Element Analysis Simulation Helneyy Eieiie | FEE
TB1-8 Performan.ce optimization and production of U-Fitting Bl T e e G G
Bracket using LMD Technology
Prediction of Fastener Nut Factor Value using Machine Srinath J,Amaljith T H, Mariappan S,
TB1-9 : . ;
Learning Technique Dr.S. Christopher Solomon
TB1-10 A new approach to Electrical System Design for Aero and Prashant Gandhi
Space platforms
. . . Dinesh Tallur, SyamKumar, Monisha
TB1-11 | Role of Digital Risk Twin in Space Systems Mohandas, Daniel Chan
TB1-12 Effect of Roller Burnishing on Fatigue Life of Alloy Steel ST AT

Fasteners for Landing Gear Applications
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Gating design for Complex Casting using ProCAST and its | Jishnu Padman, Saumya Pratap Singh,
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validation Elamurugu S
Design, fabrication, Installation and testing of slender air | Prasant Bachhav, Srinivasan Renganathan,
TB1-14
storage vessels Deependran B
Design of Forging process for Manufacturing Inconel 718 | Chenna Krishna, Karthick N K,
TB1-15 | Hemispherical Forgings for Oxygen Storage by Modelling | Pravin Muneshwar, Nitesh N,
and Simulation Ramesh Narayanan P, Mohan M
TB1-16 Transfo.rnjmg manufacturing work instruction in Digital Srinivasan K S
way-Efficiently
Optimization of process parameters for Thermal
TB1-17 Protection _System'(TPS) appllca'tlon on structur§§ of Suresh MviiEr S, bl B
launch vehicles to increase quality with productivity
using CNC manipulator
TB1-18 Development of Processing Technique to Eliminate Yuvraj Jagtap, SaurabhSingh, AlokSingh,
Reheat Cracking of XH67MBTIO alloy Pramod Yadav, Sanjay Ingale, Kumar K, Alex A
. N . Prakash Badi,Manikandanath N T,
Eco-friendly anodization process for the corrosion Balaraiu J N. Ganesh Murugesan
TB1-19 | protection of aircraft Al alloys: Pilot plant establishment are ’ urug s
and demonstration of process technolo Sai Pramod Pemmasani, Meenu Srivastava,
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TB2-4 | AReview Paper on Rocket Engine Nozzle Cooling Ashutosh Kumar
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TB2-7 A Comprehensive PLM approach for Aerospace Fasteners | Srinath J, Dr. Christopher Solomon S,
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Tool for Avionics Systems.
Simulation studies on the interaction of cutting edges . .
TB2-12 and machining induced defects in CFRP composites SRl S, DRI REIEE
TB2-13 Functional Hazard and Fault Tree analysis for a e sdlumzin, At Brr]
Transport Aircraft
TB2-14 Role of Non-Destructive Testing in the Product Life Cycle of Hari Krishna S, Mathew Sebastian, PremdasM,
Space Composite Structures-Current and Future Perspectives | Usha K M, Bijudas C R, Priyadarshan H
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Tailoring the microstructural characteristics and mechanical N Pravin Kumar, A Rajesh Kannan,
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using Gas Metal Arc Welding Process N Siva Shanmugam
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Fatigue Tests under Simulated Autofrettage and
Proof Pressure Strains for Commercially Pure Titanium
(CP-70) in Forged and Annealed Condition
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Materials and Mechanical Entity
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mcdmani@gmail.com
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Materials and Mechanical Entity
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Composite Entity
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Materials and Mechanical Entity
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Materials and Mechanical Entity
VSSC, ISRO, Trivandrum, Kerala, India
m_mohan@vssc.gov.in

Abstract—Fatigue specimens were cut from indigenously developed CP-70 dome in forged and
annealed condition from top and bottom locations in longitudinal (L) and transverse (T) directions.
Fatigue tests were carried out by applying 2.5 % plastic strain in tension to simulate the strain of
autofrettage cycle and immediately followed by cycling between 0 to 1.5 % plastic strain, which are
expected during proof pressure test (PPT). One specimen from each location the test was stopped
after 300 cycles to verify initiation of any surface cracks. Based on the results, it can be concluded
that stress response and total strain response are decreasing gradually till failure. Material exhibited
cyclic softening behaviour during fatigue test. Number of cycle to failure (Nf) varied from 213 to 414.
Microcracks were observed in fatigue-tested specimens in which the test stopped at 300 cycles, from
the bottom location in longitudinal and transverse directions.

Keywords— CP-70 dome, Autofrettage, commercially pure titanium, low cycle fatigue, plastic strain,
metallic liner
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Analysis of surface strain distribution over the biaxial stretch-
formed and deep-drawn cups of Cu-Cr-Zr-Ti alloy thin sheet

Dibya Ranjan Behera Sushanta Kumar Panda Sujoy Kumar Kar
Department of Mechanical Engineering ~ Department of Mechanical Engineering Department of Metallurgical and
IIT Kharagpur, Kharagpur-721302, India  IIT Kharagpur, Kharagpur-721302,India ~ Materials Engineering, II'T Kharagpur,

ranjan123dibya@gmail.com sushanta.panda@mech.iitkgp.ac.in Kharagpur-721302, India
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K. Thomas Tharian S.V.S. Narayana Murty
Liquid Propulsion Systems Centre Valiamala, Liquid Propulsion Systems Centre Valiamala,
ISRO, Thiruvananthapuram-695547, India ISRO, Thiruvananthapuram-695547, India
k_thomastharian@Ipsc.gov.in narayanamurty_susarla@lpsc.gov.in

Abstract— In the present study, the strain distribution profiles were determined by deforming the Cu-Cr-
Zr-Ti alloy sheets through stretch forming and deep drawing experiments, and the limiting dome height
(LDH) and cup depth of the deformed components were evaluated. The finite element (FE) models of both
the processes were developed by incorporating the Hill48 anisotropy yield criterion and Hollomon power
hardening law to predict the strain distribution profiles. The LDH of the stretch-formed component was
20 mm, whereas the cup depth obtained from the deep drawing process was 33.5 mm. In stretch forming
experiment, the strain localization was observed at a distance of 17.14 mm from the pole with major and
minor strain values of 0.43 and 0.19, respectively. The top edge of the deep-drawn cup wall region was
found to deform under radial tension-circumferential compression mode, whereas the deformation at the
cup corner region followed close to plane strain mode with major and minor strain values of 0.12 and 0.04,
respectively. Also, the grain size, precipitates and texture were characterized through optical microscopy,
SEM-EDS and EBSD techniques. This material showed excellent formability without orange peel and
earing defects in the deformed samples due to its higher n-value of 0.46, lower grain size of 25-30 um and
negligible planar anisotropy parameter of -0.04.

Keywords—Cu-Cr-Zr-Ti alloy, Microstructure, Stretch forming, Deep drawing, FE modeling, Strain
distribution
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Serrated plastic deformation and multi-necking behaviour of 16Cr-
6N1 Austenitic-Martensitic stainless steel at 20K

T. Antony Prabhu', SVS. Narayana Murty?, N. Murugesan' and D. P. Sudhakar’

'ISRO Propulsion Complex, Mahendragiri, India
?Liquid Propulsion Systems Centre, Valiamala, India

Abstract—Tensile tests have been conducted on 16Cr-6Ni (AISI 301) Austenitic-Martensitic transition
class stainless steel at 20K to obtain mechanical properties. This steel is widely used as a structural material
in cryogenic engineering because of its outstanding mechanical behaviour especially at low temperatures.
AISI 301 exhibits low temperature serrated deformation (LTSD) behaviour at 20K. In addition to the
serrated deformation, multi-necking phenomenon has been detected along with serrated deformation,
which generally never happens on the materials at other conditions. However the fracture occurred on
the most deformed neck after significant elongation. Adiabatic deformation is the important drive to
occurrence of this phenomenon. Scanning electron microscopy (SEM) and Optical microscopy (OM)
results are presented to discuss the possible reason of multi-necking. In additional, an optical method is
used to gauge the geometry of multi-necking specimens.

Keywords—component, formatting, style, styling, insert

8™ INTERNATIONAL CONFERENCE ON
PRODUCT LIFECYCLE MODELLING, 73
SIMULATION & SYNTHESIS



cP
1-4 pumss

2021

Sector Weld Repair Study on Ti6Al4V alloy in EBW for COPV

Anil Kumar Jain Biju S
Material and Mechanical entity, Material and Mechanical entity,
VSSC, Trivandrum, India VSSC, Trivandrum, India
aniljain11lin@yahoo.co.in s_biju@vssc.gov.in
Girish V Mohan M
Material and Mechanical entity, Material and Mechanical entity,
VSSC, Trivandrum, India VSSC, Trivandrum, India
cv_girish@vssc.gov.in m_mohan@vssc.gov.in

Abstract— Composite overwrapped pressure vessels (COPV) with a composite shell encapsulating a
metallic liner are used in the aerospace applications for storing high pressure helium gas. Metallic liners are
made up of titanium alloy Ti6Al4V. These liners are manufactured by machining two hemispherical forged
domes having lip configuration in female dome and electron beam welded and subsequently weld bead
is shaped to form liner. Weld defects in any welding process is likely to occur. Therefore, repair welding is
carried out to accept the hardware. Normal practice of weld repair in EBW is repeat cir-seam welding. It
was observed experimentally that full cir-seam welding is not appealing in most of the cases and number
of repairs is increasing. In order to limit the repair at location of defect, sector repair is thought as an
option. In sector repair, electron beam can be oriented more precisely at the defect location. It will also
have the advantage that it minimizes weld spatters, back wall impingement, etc in comparison to full length
re-weld. In the present study, sector re-weld up to R4 has been carried out and for simulating the same;
three test rings were cut from hemispherical forging protrusions. These rings simulating liner interface
were electron beam welded (R0). The RO weld seam was re-welded sector wise with slope-in, weld and
slope-out configuration. Evaluation was carried out at slope-in, weld and slope-out regions to find out
UTS, % elongation. Micro hardness for R1-R4 welds has been measured and micro structure of weld, heat
affected zone (HAZ) and base metal (BM) has been examined. R0-R4 weld properties were compared. It
was found that there is marginal decrease in UTS and hardness and marginal increase in elongation as
nos. of sector weld repair increased. However, these marginal increase and decrease will not be affecting
acceptance criteria because these values were well above the design specification limit. It was found that,
heat affected zone is increasing as numbers of weld repair increased. Mechanical properties in terms of
% elongation and UTS are comparable for slope in, weld and slope out region. Micro hardness was found
more in HAZ followed by weld region and least in base metal. It was concluded that sector weld repair in
electron beam welding is a better method as compared to repeat cir-seam weld and is the preferred option
for flight hardware.

Keywords— Electron Beam welding (EBW), Slope in, Slope out, Sector weld repair, TIG, Ti6Al4V
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Development of an Automated Crawler Device for
Composite Sandwich Panel Inspection using
an Instrumented Coin Tap equipment

Haridas K*!, Ananthan A', Harsh Kumar’, Sriranga T.S.!, Poomani D'

! Engineers, URSC Satellite Centre, Bengaluru, India
* Corresponding author’s email: kharidas@ursc.gov.in

Abstract— Aluminum or Composite Honeycomb sandwich panels are used extensively in the spacecraft
industry primarily due to its lightweight. Top and bottom face sheets are adhesively bonded with a
honeycomb core. The bonding has to be good without any defects like no-bond or de-bondedareas. A
standard Non Destructive Test (NDT) inspection tool like Instrumented Coin Tap (ICT) systemis
commonly employed to tap the surface and acquire data to indicate the bond quality. At present it is done
manually on the panels. On large panels it is difficult to conduct the NDT tests due to inaccessibility to far-
off areas, repetitiveness and time constraint. Manually holding the instrument for covering vast areas and
moving constantly for long time is challenging, especially for bigger spacecraft structures.Since very large
panels need to be inspected, it becomes almost impossible to cover the area manually with constant contact
force and uniform speed of tapping. Hence it is thought fit to automate this job of moving the NDT tool
on panels of any size. A crawling device was configured, designed anda prototype developed.A full-fledged
wireless device isunder realization. It is designed to cover the inspection of entire area of the panels with the
NDT tool (ICT) tapping at variable pitches of typically a few centimeters. A fixed frame based design was
not adopted since portability was preferred, because the NDT tests are to be conducted at various labs.This
paper gives details of the developmental efforts and methodologies considered.

Keywords— Aerospace, Debond Detection, Instrumented Coin Tap, NDE, Sandwich Panels
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Experimental And Numerical Analyis Of Resistance
Spot Welded Joint Strength On 15CDV6 Steel

Joshwin Emmanual Johnson Joyal Varghese Jacob Muhammed Shiyas K
Dept. of Mechanical Engineering Dept. of Mechanical Engineering Dept. of Mechanical Engineering
Jyothi Engineering College, JECC Jyothi Engineering College, JECC Jyothi Engineering College, JECC
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Dept. of Mechanical Engineering Vikram Sarabhai Space Center Vikram Sarabhai Space Center
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Abstract—Resistance Spot Welding (RSW) has grown in popularity as one of the most efficient methods
for sheet metal joining. It offers several advantages, ranging from high speed and adaptability of automation
and thereby facilitating large-scale production. Among the numerous fields in which RSW finds its
application, the automobile industry, aerospace industry and the marine industry are some of them where
the method is extensively used. These are the domains where mass optimization becomes vital. This will
be accomplished in general through the proper selection of materials, design optimization, fabrication
process optimization and so on. Efficient designing of RSW joints would help in considerable reduction on
structure mass without sacrificing the strength and rigidity requirements. This project work mainly focused
on mechanical property analysis of resistance spot welded lap joint through experimental method and
compares the test results with mathematic model generated through the software MSC Apex SP1. Here,
Finite Element Analysis of the designed software model is done with the help of the software Simufact.
weld.6.0. and joint strength simulation is performed. On future aspects, it aims for design of resistance spot
weld joints for improved hardware assembly strength and optimize its stiffness.

Keywords— Resistance Spot Welding, Sheet Metal Joining, Mechanical properties, Design Optimization,
Finite Element Analysis.
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Abstract—Cryogenic Engine (CE-20)[1] developed by India, delivers around 200kN High Thrust for upper
stage of GSLV Mk-III Satellite Launch Vehicle. GSLV MK-III is set to become a game-changer in Indian
Space Program with prominent Planned Missions like Gaganyaan, Chandrayaan-3, Shukrayaan, etc. CE-20
Engine has already completed 3 successful Flights and it is now required to productionize & ramp-up the
delivery of the CE-20 Engines to meet the rising needs of Indian Space Program.

This paper provides an over-view of selected Design, Development & Simulation solutions evolved for
manufacturing process stages & Tool Designs of forming & machining of CE-20 Nozzle Extension, which
is one of the critical components of CE-20 Thrust Chamber.

« Problem Statement Design, Development & Simulation of Production friendly Manufacturing
Process & Tools for Double Walled Nozzle Extension of CE-20 Engine

« Methodology 2D/3D CAD Software Tools are used to evolve Manufacturing Processes
& Design Tools in Virtual CAD Environment. FEA Software Tools are used to validate the
Process & Tooling Elements.

o Salient results Modelling & Simulation of Manufacturing Process & Tools enhanced
capabilities in problem identification, visualization and clear communication which helped
in solving several practical challenges at Design Stage itself which otherwise would have got
slipped through & transferred to be solved at Manufacturing Execution Stage. Re-usability of
Parametric Digital Design Data helps in easier Adaptability for similar components.

Emphasis is given on utilizing design & simulation studies to evolve solutions for these manufacturing
processes/tools in order to obtain flexibility (to accommodate improvements) during development phase
and also to achieve consistent quality over time during production phase.

Keywords— CE-20, Design ¢ Simulation, Manufacturing Process, Nozzle Extension, Tool Design
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Abstract— Vikram Sarabhai Space Centre (VSSC) is establishing a Trisonic Wind Tunnel (TWT) at
TERLS, Thiruvananthapuram. The TWT is a blowdown type wind tunnel capable of achieving a wide
range of Mach numbers and stagnation pressures at wide range of attitudes of the models. The air used
for blowdown is compressed and stored at a pressure of 20 bar (a). During the blowdown, pressure in the
storage tanks drops. In order to maintain the mass flow rate and stagnation pressure of the blowdown, a
pressure regulating valve (PRV) is provided upstream of the settling chamber. The PRV provides variable
area during blowdown based on pressure feedback from the settling chamber to regulate mass flow into the
tunnel. It is also designed for quickly filling the settling chamber at the start of blowdown to increase the
run time of the tunnel.

Perforated holes (cage) are provided within the PRV and a sleeve progressively opens during the
blowdown to maintain the constant mass flow in the tunnel. The valve stroke versus the opening area
is designed to cater entire range of mass flow and pressure of the tunnel operating envelop. A 1:10
scale model of the PRV is fabricated and tested at National Research Council, Canada (NRC). 3 nos.
of perforated cage with different hole orientation are tested and the best case is selected which meets
the mass flow and pressure requirements and noise spectrum.

ASME Boiler and Pressure Vessel Code is followed for the design, fabrication and testing of the
pressure bearing parts of PRV. The PRV is designed using calculations are per Section VIII, Division 1
of BPVC and finite element analysis is carried out for the PRV parts as per Section VIII, Division 2 of
BPVC. PRV is fabricated using welding qualified as per Section IX and Non-Destructive Examination
(NDE) as per Section V of BPVC. SA 516 Grade 70 is used for the pressure bearing cylindrical and
conical portions of the PRV. The functional parts of the PRV viz., the perforated cage and sliding
sleeve are made of stainless steel of grade 50.

The fabrication activities for the shell involved procurement of raw material plates, rolling, longitudinal
seam welding to form segments, joining segments by longitudinal seam welding. Combination of
shielded metal arc welding (SMAW) and submerged arc welding was used employed. A meticulous
quality assurance plan is followed for the fabrication activities. Quality is assured by multi-level
inspection in various stages of fabrication viz., raw material, welding, NDTs, heat treatment, testing,
machining and assembly. All the butt-weld joints are fully (100%) radiographed. In case radiography
is not possible in the pressure bearing welds, ultrasonic examination (UT) is performed. Die penetrant
test (DPT) or Magnetic particle examination is also performed to detect surface defects.
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Abstract— Cu-Cr-Zr-Ti(CRZT) alloy containing 0.6%Cr, 0.04%Zr and 0.04%T1 is used for combustion
chamber of cryogenic rocket engines, where the flame temperature is as high as 3000K This alloy is age
hardenable and possesses high strength, good corrosion resistance, and high thermal conductivity. The
strength of fully aged CRZT alloy is nearly twice that of pure copper. Regenerative cooling requires that
the combustion chamber is a double-walled construction with coolant passage channels in between,
fabricated from shells joined by vacuum brazing. During fabrication of combustion chamber, CRZT
alloy is brazed with Ti stabilized austenitic stainless steel. CRZT alloy is processed through induction
melting followed by thermo-mechanical processing to realize plates of required thickness. These
plates are multi-stage deep drawn for forming the convergent and divergent sections of combustion
chamber with intermittent annealing and are vacuum brazed at high temperature. In view of the large
strains involved during forming and subsequent high temperature exposure to brazing operation, the
microstructures of the initial material and final product are entirely different. Further, the combustion
chamber during flight undergoes rapid heating and is maintained at the designed temperature for the
entire duration of engine operation. In order to establish the design margins on the strength of the
material during engine operation subjected to rapid heating conditions in the final vacuum brazed
condition, it is essential to simulate the transient thermal profile on tensile specimens subjected to
brazing heat treatment cycle. The present work compares the indigenous and imported CRZT with the
indigenous CRZT meeting all materials specifications, manufacturing and application requirements
of this alloy in the extreme thermal conditions involved in cryogenic rocket engine operation.

Keywords— Cu-Cr-Zr-Ti alloy, age hardening, brazing, cryogenic engine, thermal simulation
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Abstract— Lightweight composite overwrapped pressure vessel is essential in aerospace applications
because of their high strength and stiffness weight ratios. The particular work mainly focuses on
developing an aluminium alloy (AA) 6061-T6 pressure vessel liner intended for its use in launch
vehicles. The present approach deals with the development of punch and die forming system, which
can be repeatedly used to draw the sheet metal by forming process, and develop hemispherical domes.
Furthermore, an end adapter was manufactured after machining a AA6061-T6 billet. The parts of
liner (dome and end adapter) are planned to be joined using Cold metal transfer (CMT) welding
process. Butt joint was fabricated to assess the mechanical properties of weldment using uni-axial
tensile and Vickers micro-hardness test.

Keywords— AA6061-T6, CMT welding, high pressure forming, mechanical properties, pressure vessel liner.
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Abstract— Ni-Cr-Mo-V steel finds applications in various heavy-duty structures where high strength
and fracture toughness are of prime importance. This alloy is primarily used in aircraft landing
gear, shaft and axles for power transmissions. Fatigue and fracture are the typical failure mode of
these components, and therefore, structural integrity assessments with respect to metallurgical and
mechanical loading are always required. This work analyses the fatigue crack growth behaviour under
sinusoidal variable loading and sinusoidal loadings with overloads after every 15000 cycles. Digital
Image Correlation was used to analyze the effect of overloads on the strain generated in the loading
direction. Overloads significantly reduce the crack growth rate for some cycles due to crack closure
and the evolution of the plastic zone near the crack tip. A microstructure processing fatigue fracture
relationship has been established by experiments.

Keywords— DIC, EBSD, Fracture, SEM, Steel
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Abstract— The 1.2 m Trisonic Wind Tunnel being established at VSSC, Thiruvananthapuram has
stringent flow quality requirements. Settling chamber is a very important part of the tunnel in
determining flow quality which primarily functions to maintain a uniform and steady flow in the
downstream test section. The sizing of various flow elements in settling chamber is done using
aerodynamic tools. The aerodynamic design of the settling chamber involves the study of various
parameters that affect flow quality and arriving at the optimum configuration that minimizes the
turbulence and acoustic levels in the test section of wind tunnel. The mechanical design of settling
chamber is done to meet the requirements of ASME BPVC Section VIII Division 1. The design,
fabrication, transportation, alignment and erection of settling chamber are completed.

Keywords — Pressure vessels, wind tunnel, design, fabrication
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Abstract- Crew module Atmospheric Reentry Experiment Mission (CARE mission) was carried out
in the first experimental flight of GSLV MK-III. The thrust transfer structure of the solid booster stage
of GSLV MKk-III, which is named as Nose Cone Adaptor (NCA), is primarily designed to transfer
concentrated load of 3912 kN at an eccentricity. The design was required to be done with a tight time
schedule within a lot of fabrication/design and functional constraints. The paper describes in detail
the various criticalities from design constraints to the validation of the design through structural
qualification test. The final configuration of NCA is arrived at taking into account the material
availability and fabrication easiness while meeting the functional requirements. The results of the FE
analyses and structural qualification level test are also briefly summarized. The designed structure
while satisfying all listed specifications meets the main design constraint of rotation of thrust transfer
bracket. The designed structures had flown in LVM3-X CARE and LVM3 D1 missions.

Keywords-Thrust Transfer structure, Solid booster, Nose Cone Adaptor, Design constraints, Structural
qualification test.
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Abstract—Highly compressed gases are required for propulsion system of spacecraft and liquid pro-
pellant upper stages of launch vehicles which are stored in pressure vessels. Criteria for selection of
materials and technology are inert weight of the pressure vessel along with high level of impermeabil-
ity. Hence Composite Overwrapped Pressure Vessel (COPV) with metallic liners have become the
technology of choice as it offers highest efficiency for the given pressure and internal volume. Aramid
and Carbon / Epoxy COPVs with Ti6Al4V liner for aerospace application, with operating pressures
ranging from 250 bar to 330 bar to meet generic requirements have been indigenously developed.
Challenges involved in the development were selection of liner & composite materials, evolution of
design methodology and composite overwrap construction, generation of processing parameters &
overwrap winding programme and generation of finite element model to capture all realized features
for static & dynamic analysis. Generation and implementation of various tests to validate the design
& processing parameters, qualification of the COPV for service, mounting and environmental con-
ditions as well as for specific mission requirements pose additional challenges. In this paper product
life cycle management approaches followed for the development & qualification of COPV for generic
requirements and its qualification for specific missions are discussed.

Keywords—composite overwrapped pressure vessel, metal liner, carbon / epoxy
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Abstract— As per Quality 4.0, The Quality function shall become the driver of value in the organi-
zation by enhancing product safety, mission assurance and Stakeholder value, improving efficiency,
and reducing cost through AI enabled system management by leveraging digital to the best possible
extend. Smart Quality Management system is a successfully implemented proto type of this kind of
system management. It has been made integrated and collaborative, using the horizontal and ver-
tical integration of Organization’s value chain. The system capability spans across the project level
Quality planning, Configuration control, inspection scheduling, Supply chain Quality control, vendor
evaluation and calibration management system. By applying smart quality principles and the latest
technologies, sQMS is reducing turnaround time and improving stakeholder experience. sQMS is
now providing the raw data for the decision making. As a foundation to the next level, the captured
data will be segregated using appropriate data anlyistics techniques, to train the Al algorithm. This
algorithm will be enabled with value added steps so that it can handle the humongous amount of data
that comes from various repositories. Al will augment the decision making process, take over routine
tasks & follow-ups and in effect act as a Business assistant. In this way, expert minds can be freed from
Routine task to and can be utilized for other mission critical activities.

Keywords— Quality 4.0, Quality management Systems, Artificial Intelligence (Al), raw data, Vertical
and Horizontal integration, Operational Effectiveness (OE), Industrial Internet of Things (IloT), smart
Quality management system (sQMS),Docker, Kubernetes.
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Abstract—An upper stage cryogenic engine developed by Liquid Propulsion Systems Center uses a
supersonic expansion nozzle to generate thrust from the turbine exhaust gas. A nozzle with a unique
profile is designed and developed for turbine exhaust gas disposal meeting the design constraints
of engine envelope and requirements of supporting the nozzle on the engine, at the same time,
maximizing the thrust generated. As part of development of the TEG (Turbine Exhaust Gas) nozzle,
design analysis, testing and performance verification was done before induction of the nozzle in the
flight program. The design was successfully proved in flight. The present work details the design of the
nozzle, flow, thermal and structural simulations for design assessment, development tests carried out
and the flight performance verification. Performance of the nozzle in terms of thrust generated and
specific impulse closely matched with estimated design performance.

Keywords— Cryogenic engine, turbine, Gas Generator, nozzle, qualification.
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Abstract— Quest for reduced Size, Weight and Power (SWaP) and rapid growth in power density is
demanding efficient cooling for safe and reliable performance of the electronics. This is continuously
challenging the packaging industry. When the packaging needs to be airborne, the requirements are
much more stringent in terms of pre-defined space, narrow cooling paths and exposure to harsh en-
vironment. This paper explores the research on electronics packaging in the perspective of a thermal
designer. An example is illustrated with an air-cooled power supply unit of 687 W heat dissipation.

It had a thermal failure initially. The packaging is re-designed after heat sink optimization. For the

same weight, maximum temperature is brought down by 12°C. Cooling requirements are specified
for the unit for safe performance.

Keywords— Avionics, Packaging, Standards

8™ INTERNATIONAL CONFERENCE ON
PRODUCT LIFECYCLE MODELLING, 87
SIMULATION & SYNTHESIS



CP
2-7 pumss

2021

Load Estimation Cycle of a Launch Vehicle from
Initial Design Phase to Launch

Biju. G Narendra Nath K. P. Venkateswaran
Space Transportation System Space Transportation System s ’ T. cation Sust
Vikram Sarabhai Space Centre Vikram Sarabhai Space Centre ‘pace ranspor .a on System
Thiruvananthapuram, India Thiruvananthapuram, India Vikram Sarabhai Space Centre

bijutkmce@gmail.com Thiruvananthapuram, India

Dr. T. Sundararajan Dr. S. Geetha
Space Transportation System Space Transportation System
Vikram Sarabhai Space Centre Vikram Sarabhai Space Centre
Thiruvananthapuram, India Thiruvananthapuram, India

Abstract—Launch vehicle designers aim for optimum structural efficiencies for each stage in order to
optimize the payload and this leads to a flexible vehicle design. As a result, launch vehicle experiences
significant dynamic loads as the vehicles traverse through the dense atmosphere. Hence in the launch
vehicle load estimation process combined rigid body and flexible body loads are estimated. Estimated
loads for each structure is defined in terms of Shear Force (SF), Axial force (AF), Bending Moment
(BM) and Equivalent Axial Load (EAL). During the design phase of the launch vehicle, loads on
structures are estimated considering the vehicle as a rigid body and augmentation of these loads due
flexibility, buffet, sudden application of control force and wind gust are accounted through suitable
flexibility factors. These loads are further increased to qualification levels and used for structural
design. As part of mission analysis of each Launch Vehicle missions, a more realistic load estimation
process is being carried out by using a flight simulation package. In this process measured winds of the
season and corresponding flight trajectory parameters are considered as inputs. Mode shapes of the
launch vehicle are used here directly in load estimation process instead of using flexibility factors. The
buffet is an aero-elastic phenomenon happens at transonic Mach numbers which causes additional
bending moment. These values are directly added to the analytically estimated bending moments. The
load experienced during flight is monitored using strain gauges mounted on selected structures, in
two orthogonal planes. Flight loads derived from these stain data are compared with theoretical loads
as part of post flight Analysis for each mission. This paper describes the load estimation/analysis cycle
from initial design phase to launch.

Keywords— Aerodynamic forces, Buffet, Launch Vehicle loads, Vehicle flexibility, Wind gust
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Abstract— The evolution of existing launch vehicles to minimize mass, maximize payload capacity,
and enhance reliability is a need of the hour to sustain the space industry's globally competitive market.
This paper presents a common bulkhead tank as a substitute for the current truss-type intertank
structure for the cryogenic stage in GSLV MKIII. A sandwich-type common bulkhead (CBH) dome
with a suitable core material between two aluminum alloy sheets was found appropriate for this
application. The foam-filled honeycomb core offered a mass advantage over other core types, such as
foam core, honeycomb core, etc., for a uniform thickness of the CBH dome. However, manufacturing
the CBH dome with a foam-filled honeycomb core is challenging and futuristic. A novel design of
CBH cores with tapered profiles was explored as a recourse, which favored foam-type CBH dome
in terms of mass and manufacturing feasibility. The manufacturing feasibilities for the following are
discussed. A similar foam-type sandwich test sample with artificial defects of different sizes and
types was subjected to various Non-Destructive Testing (NDT) techniques to detect possible defects
emanating during manufacturing and integration. The capacity of NDT techniques such as X-ray
radiography, Ultrasonic Testing (UT), and Infra-Red Thermography (IRT) was derived using the
mentioned experiments. X-ray radiography is well suited for volumetric defects and can be used for
a planar defect with image processing. UT has shown the capability to detect the subsurface and
interfacial defects in the sandwich structure. A thermal setup was built to demonstrate the efficacy of
the foam material in its thermal performance. The following novel design of the CBH dome can offer
mass savings of up to 488 Kgs compared to the current launch vehicle configuration.

Keywords — Common Bulkhead, Foam-filled honeycomb, Intertank, Non-destructive techniques,
Radiography, Thermography
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Abstract— The purpose of the composite probe is the in-situ measurement of the surface tempera-
ture and to measure the thermal conductivity of the soil. The probe is equipped with ten numbers of
thermal sensors and one tape heater. The probe material is Cyanate Ester with Chopped glass fibers
and glass Micro Balloons. The probe is provided with a sharp metal tip of 28° apex angle made of
Titanium ELI grade material. The probe will be inserted in to the soil to a depth of 100mm using the
penetration mechanism. The thermal sensors flushed on the surface of the probe measures the soil
surface temperature. The tape heater wound around the probe will be used to heat the soil. Probe
geometry, load calculation, material properties, qualification tests and FE analysis are discussed in
the paper in detail.

Keywords—Composite probe, surface temperature measurement, thermal conductivity measurement,
Cyanate Ester
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Abstract—A semi-cryogenic stage with high performance engine is planned as a replacement for the
existing core booster liquid stage of GSLV Mk-IIT launch vehicle for payload improvement. As semi-
Cryo stage is an air-lit stage the propulsion systems and engine nozzle are to be protected from hot
exhaust plumes during the firing of solid strap-on. The propulsion systems are protected by a thermal
shroud and the exposed portion of engine is protected by a nozzle closure. Since the geometry of nozzle
closure involves doubly curved shells (spherical & toroid shells), buckling under external pressure is
a major criterion for nozzle closure design. The actual external buckling pressure of spherical shells
can be as low as 14% of the pressure of a perfect shell based on NASA guidelines. Recent literature
on buckling of spherical shells indicates that the NASA criterion is quite conservative. Recent
developments in the design of spherical shells show improved shell buckling design factors which
results in reduction in weight of structure and will be useful especially in aerospace applications.
This paper covers different design configuration studies conducted for the nozzle closure structure
based on NASA guidelines as well as improved shell buckling factors based on recent literature. Finite
element analysis is carried out for estimation of buckling pressure for the above configurations.

Keywords—Nozzle closure, Tori-sphere, sphere, buckling pressure, external pressure, semi-cryo engine,
design factors, finite element analysis, knockdown factor (KDF), NASA standard.
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Abstract— The exploration of other planets is gaining interest among fellow researchers. To explore
the unexplored regions, exploration vehicles are needed. Wheeled rovers are one among them which
help researchers to visit, conduct scientific experiments and collect data from various sites. This work
proposes the concept of an expandable wheel that can be used for these vehicles. The development of
the final configuration of the expanding wheel and its initial designs are presented.

Keywords— Expandable wheel, mobile robots, planetary rover, variable-diameter wheels
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Abstract— An unforeseen shock was measured during the launch vehicle upper stage while integration
at launch pad and it was necessitated to find the response of critical electronic package locations and
compare with their tested levels. Since the measured location of the shock was far away from the
occurrence of the hitting, the input needs to be generated matching the measured response. A pragmatic
method was adopted to generate the input and this input was used to carryout transient analysis to
find the response at the critical locations of the stage. Shock response spectrum was generated and
compared with each package environmental test level specification. All the responses were found to be
well within the test levels and no further test was recommend to evaluate the performance A successful
flight performance was observed without degradation of the performance of each package.

Keywords— Launch Vehicle shock, handling shock, shock response spectrum, transient analysis
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Abstract — Laser Powder Bed Fusion (LPBF) process is an additive manufacturing technique that
produces intricate parts with fine resolution for aerospace, biomedical and automobile applications.
LPBF process provides design freedom to conceptualize and fabricate designs that were earlier not
possible by conventional manufacturing techniques. However, components built using LPBF suffer
from porosity, residual stress-induced distortion, elemental segregation, and anisotropy in mechanical
properties. A consistent melt pool size is required in the LPBF process to achieve consistency in build
conditions and to avoid defects such as porosity. This work uses integrated numerical modeling
and machine learning techniques to predict melt pool dimensions during single track deposition of
SS316L alloy using the LPBF process. The numerical model used is a transient thermal finite element
(FE) model carried out using the commercially available FE package ANSYS™. The predictions
from the numerical model were compared with experimental data published in the literature. Results
reveal a good agreement between predictions of melt pool dimensions from numerical models and
experimental measurements. Further, results from numerical models were used as synthetic data to
train and test the Machine learning (ML) model such as Artificial Neural Network (ANN) to find an
empirical relationship between process parameters and melt pool dimensions. The ANN architecture was
optimized to formulate the best generic hypothesis with minimum mean squared error for any testing
parameters used. The formulated ML model is capable of predicting melt pool dimensions for given input
process parameters (laser power, scan speed) with an error of less than 1% in testing data sets.

Keywords — Artificial Neural Networks, Laser Powder Bed Fusion, Machine Learning, Melt Pool,
Numerical Modeling, SS316L, Single Track.
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Abstract— This paper describes a method for restoration of an aerospace component using reverse
engineeringand additive manufacturing to extend thelife of the component. The rejection of component
in aerospace industries is very common at inspection stage, during operation, and after completion
of its life. These discarded components carry a significant amount of cost with them, and it becomes
very import to find a method/process that allows manufacturers to repair these components such
that the repaired unit has the same properties as that of an original and can be reused. A combination
of two technologies, reverse engineering which enable regeneration of CAD model from a physical
component with high level of accuracy and metal additive manufacturing that allows metal depositing
techniques to form a physical component from the CAD model enable such a repair of rejected or
worn-out parts. The steps involved in this are - Scanning the worn out or damaged part, construction
of its CAD model, digital comparison of the nominal and generated CAD model of the worn part to
identify the region to be repaired, pre-process the region through machining for metal deposition,
generation of instructions for depositing material using additive manufacturing, finishing the part by
local machining to match the nominal CAD model.

This paper describes these steps using the repair of a worn out and damaged Turbine Blade as an
example.

Keywords— Aerospace, Reverse Engineering, Additive manufacturing, CAD
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Abstract— The most extensively used additive manufacturing process, laser powder bed fusion (LPBF),
is gaining popularity due to the tremendous design freedom it provides. Owing to the low density of the
created alloys, LPBF manufacturing of aluminum alloys has piqued interest in a variety of disciplines.
The unique solidification conditions that the molten metal encounters during the process, as well as
its layer-by-layer nature, result in a variety of microstructural anomalies, such as the formation of
metastable phases and supersaturated solid solutions, severe microstructural refinement, and residual
stresses. Consequently, post-build heat treatments, which are routinely used on conventionally
produced aluminum alloys, may need to be modified to adapt to the particular metallurgy of
aluminum alloys generated using LPBF and solve the process' specific issues. More recently, addition
of Sc to Al-Mg alloys of the 5XXX family has been extensively researched for numerous advantages
of precipitating Al3Sc.Thepresent work intends to provide a broad understanding of the relationship
between the induced microstructure and the mechanical behaviour that manifests as a result of various
heat treatment cycles on LPBF processed Al-4.8Mg-0.3Sc alloy. An appropriate post processing heat
treatment cycle for obtaining optimum mechanical properties in this alloy is also suggested based on
this study.

Keywords— Al-4.8Mg-0.3Sc alloy, additive manufacturing, LPBE, optimization, heat treatment cycle,
post processing
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Effect of post processing and comparative study of Indigenous and
Imported IN718 alloy powders for additive manufacturing

Dineshraj $*!, Samuel MG*?, R K Gupta*?, D Sivakumar**, Govind*>, Ramesh Narayanan P*°
*Materials and Mechanical Entity (MME), VSSC, ISRO, Thiruvananthapuram, India

'mailthistodinesh@gmail.com, > mg_samuel@vssc.gov.in, * rohitkumar_gupta@vssc.gov.in,
* d_sivakumar@vssc.gov.in, ° govind@vssc.gov.in, ® ramesh _narayanan@vssc.gov.in

Abstract— Inconel 718 alloy is being used as a work horse material in making aerospace parts due to
its outstanding properties such as high strength, better low and high temperature properties, etc. and
additive manufacturing is very helpful in realizing complex shaped parts in IN718 alloy. This paper
mainly focuses on the effect of post processing of additive manufactured IN718 alloy and also on
the impact of usage of Indigenous IN718 powders in comparison with the imported IN718 powders
while fabricating the parts through additive manufacturing using laser powder bed fusion (LPBF)
method. IN718 powders realized through gas atomization technique from both different sources
as discussed. After realization, detailed powder characterization such size, shape, flowablity and
microstructural analysis carried out for better understanding. Samples are fabricated in LPBF method
at different orientation such as X, Z, 45° directions. Post processing Heat treatments and hot isostatic
pressing carried out followed by mechanical properties evaluation and material characterization
to study its impact on both the batches. It is found that Indigenous powders met all the specified
properties as similar to the specification met by imported powder for realizing the parts through
additive manufacturing in IN718 after standard heat treatment cycle(STA). Even better flow rate and
finer sizes are obtained in indigenous powder’s batch compared to imported powder’s batch which
resulted in marginal improvement in mechanical properties in all orientations of samples and
better ductility obtained in samples Z- orientation samples. Both batches exhibited anisotropy in
mechanical properties at different orientations. But, samples underwent HIPing followed by standard
heat treatment cycle (STA) exhibited isotropic properties in all the different orientations such as X,
Z, 45°. Significant improvement in ductility and marginal reduction in strength values are obtained
after HIPing. Grain coarsening observed after HIPing was the reason behind the marginal reduction
in properties. All most all the micro level defects are fully healed after HIPing which inhibited the
pre-mature failure of the material while under load. Direct aging heat treatment also attempted and
better strength values with anisotropy in properties obtained. The results of this study clearly indicates
that indigenous powders can be used to make IN718 parts which are much comparable to imported
powders and even better properties obtained in indigenous batch. HIPing helped to increase the
reliability of the additively manufactured parts by healing the defects which were not detected in
conventional NDT techniques.

Keywords—HIPing, IN718, defects.
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Abstract— This study aims to parametrically investigate the effect of laser power and scan speed on
the Laser Powder Bed Fusion (LPBF) of IN625 bulk structures at higher layer thickness (100 um) and
poor overlap index (30%).Using higher layer thickness and poor overlap index in the LPBF might lead
to high turbulence and poor melt pool fusion leading to high porosity and poor strength. The problem
lies in determining the process parameters that can yield highly dense structures while improving the
build rate by using higher layer thickness and poor overlap index. LPBF is used to build IN625 bulk
structures following a design matrix consisting of 3 laser powers (150 W, 300 W and 450 W) and 3
scan speeds (0.02 m/s, 0.05 m/s and 0.08 m/s). Following studies are performed on each sample: (i)
Porosity, (ii) microstructure (iii) hardness and (iv) X-Ray Diffraction (XRD). It is observed that the
90.82% dense structures are obtained for structure built at 450 W and 0.08 m/s. Porosity decreases
with the increase in both laser power and scan speed. Cooling rate decreases when either the power is
increased or the scan speed is decreased. Hardness is observed to decrease with the increase in laser
power or the decrease in the scan speed. XRD studies of the samples reveal no extra phases.

Keywords— Laser Powder Bed Fusion, IN625, cooling rate, layer thickness, overlap index.
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Abstract— The major attraction/advantage of the Metal Additive Manufacturing route is the
realization of complex geometries with fewer processing steps and shorter lead times. Feedline
Inlet Elbows and Support Clamp components required for a rocket liquid engine were processed in
Aluminium Alloy AlSi1l0Mg material through Laser Powder Bed Fusion (LPBF). LPBF is a commonly
adopted additive manufacturing technique for producing intricate parts with a fine resolution for
aerospace applications. These components were earlier made using Aluminium Alloy AS7G in T6
temper condition through casting route. AlISil0Mg was selected for the process, as it is a workhorse
3D printable aerospace alloy, the powder of which is easily available and gives similar physical,
chemical and mechanical properties as that of AS7G casting alloy in the T6 condition. AlSi10Mg is
characterized by good strength and hardness as well as high dynamic load-bearing capacity and hence
it is typically used for parts with thin walls and complex geometries subjected to high loads. Detailed
manufacturing plan and qualification plan were generated for processing and characterization of
these parts through the LPBF process as per applicable international standards and qualifying them
for aerospace applications. This includes powder characterization, physical and mechanical property
evaluation, dimensional inspection and non-destructive testing using computed tomography. The 3D
printing parameters were chosen from the EOS datasheet for AlSil0Mg alloy and qualification of
the same was done through an exclusive build of test coupons representing thin and thick sections
in the actual components and tested for various chemical, physical and mechanical properties. The
components and test coupons were 3D printed using EOS make M400-4 DMLS machine and subjected
to post-processing heat treatment as per the SR1 condition specified in ASTM F3318-18. Test coupons
3D printed along with the components were also tested and the products were qualified. This paper
brings out the results of material characterization and non-destructive testing performed to qualify
the additively manufactured parts in AlSi10Mg alloy for the intended aerospace application.

Keywords— Additive Manufacturing, Laser Powder Bed Fusion, AlSi10Mg, Characterization
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Abstract— In the present work, Laser Directed Energy Deposition (LDED) of Hastelloy-X (Hast-X)
wall structures are used to understand the effect of the interlayer delay. Unidirectional deposition
strategy with 10 s, 20 s and 40 s delay between consecutive layers is used for deposition. It is observed
that the average wall height increases and average wall width decrease with an increase in the interlayer
delay period due to a reduction in the outward flow of the melt pool. Macro-structural examination
revealed deposition without cracks and the presence of few pores at isolated locations. Microstructural
examination shows cellular and dendritic growth in all the cases, with cellular primarily in the
lower to middle layers and dendritic from middle to top layers with classical secondary arms. It is
observed that the size of the dendrites reduced with an increase in the interlayer delay period. An
increasing trend is observed for the micro-hardness, yield strength and ultimate strength with an
increase in interlayer delay. This study provides a path to control the properties of the wall structures
by incorporating an interlayer delay period during the deposition for fabricating complex-shaped
engineering components.

Keywords—Laser Additive Manufacturing Directed Energy Deposition; Wall structures; Geometry;
Characterization.
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Abstract— This study models the track geometrical features with the help of different supervised
machine learning models (SMLM). Since experimental techniques can be exhaustive and numerical
techniques can be computationally expensive, it is required to identify a proper SMLM to predict
the laser directed energy deposition (LDED) built track features correctly and in a reduced time.
The study is performed by depositing IN617 tracks using LDED at different process parameters and
developing different SMLM for a set of the tracks and validating the models using the other set. In the
present work supervised machine learning technique - Decision Tree (DT), (Random Forest), Extreme
Gradient Boosting (XGB) and Artificial Neural Network (ANN) are modeled for prediction of track
features of LDED built IN617 tracks using main input process parameters. These machine learning
models are trained and tested on randomly split experimental data. It is observed that the XGB model
yields minimum Mean absolute percentage error (MAPE) and higher coefficient of determination
(R2) value as compared to other developed models. The obtained values by the XGB model of MAPE
are track width (W ~4.2 %), Track height (H ~9.8%) and powder capture efficiency (Ep ~5.2%) and R2
values are W (=0.99), H (=0.96) and Ep (=0.93) on the testing (for validation) data set.

Keywords— Additive Manufacturing, Laser Directed Energy Deposition, Inconel617, Machine Learning
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Abstract— Building an engineering component layer-by-layer is one of the unique characteristics of
additive manufacturing (AM), that facilitate the realization of relatively complex parts with intricate
internal geometries. Fused deposition modelling (FDM) is one of the AM methodologies that gained
wide popularity for rapid prototyping of engineering models which cater to the need of various
experimentations/validations. Slicing of CAD file in stereolithography format is an important phase
that regulates build parameters such as layer height, raster orientations etc. The dimensional accuracy of
FDM 3D printed components directly depends on the above phase, in addition to the machine and the
material characteristics. Along this line, proposed research focuses on the dimensional performances
of acrylonitrile butadiene styrene (ABS) and polylactic acid (PLA) components manufactured using
FDM. The influence of build orientation and print temperature on dimensional accuracy of FDM
components, printed using three different raster orientations 00, 450, and 600 have been investigated in
this paper. Dimensional analysis on print components were performed using a coordinate measuring
machine, using systematic measuring strategies. The dimensional accuracy of the FDM component for
features of flatness, cylindricity, concentricity angularity, dimensional, accuracy and repetability are
measured. The results are observed to have mixed responses/correlations with the input parameters.
In addition to the validation and interpretation of these observations, present paper also attempted
a multi criteria decision making (MCDM) methodology for the assessment of input variables and
process design, as typical examples for selected components.

Keywords—Additive manufacturing, fused deposition modelling, dimensional accuracy, MCDM
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Abstract— High strength Aluminium alloys are the preferred choice for aerospace applications due
to their high specific strength and superior corrosion resistance. Metal additive manufacturing (AM)
processes have garnered considerable attention in recent years due to their unique ability to form
fully dense complex 3D geometries using micro-sized metallic powder in a layer by layer fabrication
methodology. Laser powder bed fusion (L-PBF) is one of the most versatile AM processes which
is capable of achieving a high degree of complexity and closer geometric tolerances. Unfavourable
microstructure formation during rapid directional solidification is limiting the development of high
strength wrought Aluminium alloys through AM route. Researches carried out in this direction have
led to the development of alloys having scandium and zirconium added in a small percentage to
refine the grain structure. One of the bracket components used in the light alloy structure of a satellite
launch vehicle was 3D printed using A14.8Mg0.3Sc aluminium alloy and subjected to detailed material
characterization to assess the suitability of the alloy to replace conventional wrought aluminium
alloys such as AA2014 for aerospace application. Detailed manufacturing cum qualification plan was
generated for processing and characterization of the bracket through Laser Powder Bed Fusion AM
Process. Bracket and test coupons were 3D printed using an EOS make M290 DMLS machine and
then subjected to post-processing stress relieving heat treatment. Test coupons 3D printed along with
the bracket were tested and the product was qualified. This paper brings out the results of material
characterization and non-destructive testing performed to qualify the additively manufactured bracket
component for the intended structural aerospace application.

Keywords—Additive Manufacturing, Laser Powder Bed Fusion, High strength aluminium alloy,
Al4.8Mg0.3Sc, Structural application, Characterization
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Abstract— There is a need to establish right digital methodology for managing the aircraft product and
process data during all stages of its lifecycle. Off late, it has been realized that in the absence of Service
Bill of Material (sSBOM), silos of service information getting created during aircraft development
phase in standalone systems either go waste or partially utilized. Service Lifecycle Management (SLM)
being an extension of Product Lifecycle Management (PLM) system, its Change and Configuration
Management functionality plays a crucial role in integrated Bill of Material (BOM) management.
This paper brings out the role of SLM in creating the complete digital thread for a military aircraft
program to cater for effective management of Equipment Standard of Preparation (ESOP), 'As-built
As-maintained’ product structure, tracking of Line Replaceable Units (LRU), Technical Publication,
Failure Reporting and Corrective Action System (FRACAS), interface with Enterprise Resource
Planning (ERP) and Enterprise Asset Management (EAM) systems. The SLM database could be
used as a master source of information to be shared across all stakeholders to facilitate data analytics,
dashboard reports etc.

Keywords: PLM, SLM, sBOM, Tech Publication, FRACAS
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Abstract—Vikram Sarabhai Space Centre (VSSC), as part of ISRO, has always been in the forefront in
utilizing the developed technologies for the betterment of society in the form of spin offs. One such
spinoft development currently being pursued in the centre is the development of ISRO Smart Limb,
a microprocessor controlled prosthetic limb for transfemoral amputees. The ISRO Smart Limb has
undergone preliminary characterization trials. The developed prosthesis needs to be validated under
varying load conditions to qualify for human trials. A major challenge was to make available an even
more significantly complex test rig for characterizing ISRO Smart Limb. Towards this, an automated
test rig has been designed using the in-house expertise on space technologies and realization is taken
up through industry for simulating human gait cycle during walking and running conditions. The
Test rig development involves (a) mathematical modeling of human limb and simulations to generate
time varying profiles of velocities and loads at various joints (b) configuring test rig and simulations
(c) sizing of hardware (d) realization through industry. The Test Rig has been realized and gait cycle
simulation has been successfully demonstrated upto 5kmph walking conditions.

Keywords— Gait cycle, ISRO Smart Limb, Prosthesis, Test rig, Trans-femoral amputee
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Abstract— Cloud computing is versatile, scalable and dematerialized digital information paradigm.It
is establishing itself as a most well-liked resolution in response to the fast rise in data and information.
However it needs a radical culture amendment for adapting Cloud to the Defense sector.

In Defense, a cloud platform makes it potential to form a secure collaboration surroundings facilitating
the sharing of a lot of or less crucial data between the various civilian or military entities of the Defense
ecosystem.

Main motivation is to explore the possibilities, however R&D information will get in cloud by analyzing
the problems edges and planned solutions revealed in numerous literatures.

CLOUD computing and product lifecycle management (PLM) are the most recent concepts in respect
of collaboration and universal connectivity. PLM is much related to product designing, collaboration,
manufacturing, and other aspects of the product lifecycle, while the cloud is computing model, which
support through Internet.

Cloud PLM is a hybrid of two technologies viz., PLM and cloud, however effective integration of
both is challenging as direct migration of PLM to cloud facility is time consuming. Also, choice of the
collaboration method could be a severe concern for rigorous utilization and responsibilities.

Main motivation of this paper is to analyze various possibilities of migration of R&D defense data
into cloud by reviewing the available solutions from the literature and comparing their benefits and
challenges.

Key Words: Challenges, Cloud, Migration, Product Lifecycle Management (PLM)
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Abstract - In launch vehicle avionics, electronics components are having major role in the design
and development of avionics subsystems. From the design of a prototype model to final model, the
availability of desired electronics components is very much important as the systems are designed
for critical applications. To meet the continuous requirements, Product Life Cycle modelling based
techniques are simulated and adopted to maintain the availability and quality of such critical
components. Life cycle stages of components — Introduction stage, Growth Stage, Maturity Stage,
Decline Stage and Obsolescence stage- are considered in terms of both acceleration and reliability
based models. In this paper the various models used to simulate the various life stages of the avionics
components are explained in detail along with examples and results.

Keywords: Components. Life cycle, accelerated tests, reliability, failure rate, temperature, humidity, vibration etc
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PLM and Process Automation Tools for
Critical Systems of Launch Vehicles
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Abstract—Vikram Sarabhai Space Centre (VSSC) is the lead center of the Indian Space Research
Organisation (ISRO) for rocket research. In this paper, we discuss the benefits of Product Lifecycle
Management (PLM) and Process Automation (PA) software. We also discuss the challenges that an
organisation faces in the realization of enterprise applications including PLM and PA software. We
briefly discuss various methods that are available for realization of such applications. We share the
experience of VSSC in the realization of various such applications. We provide a brief overview of a
number of such applications namely Synergy, E-Documentation, LVDMS, Mythri and Tharang. We
describe how these applications have improved the overall efficiency of the system. We conclude the
paper by discussing the future direction of the work happening in this area of realization of a larger
ecosystem that incorporates many of these applications as part of a uniform entity.
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Various Business Tools using RPA

Elangovan A Nachiyappan R Rajasimhan M A
Design and Reliability Design and Reliability Engineering, Aerospace Design Centre,
Engineering, Larsen and Toubro Limited Larsen and Toubro Limited
Larsen and Toubro Limited Coimbatore, India Coimbatore, India
Coimbatore, India nachiyappan.r@larsentoubro.com  rajasimhan.m@larsentoubro.com

elangovan.a@larsentoubro.com

Abstract— Building a high reliability space system though being expensive and time consuming, is
essential. Since unreliability would prove to be much more detrimental. Design for Reliability (DfR)
is very important and plays a significant role in new product development, in identifying key design
parameters and potential failure rates that may be intrinsic to a design. Effective dissemination of
data, information, knowledge and communication across the value chain is important for quicker and
efficient product development. Our Reliability centered Product Development has been developed
on the framework of standard guidelines of AS9145 Aerospace Series — “Requirements for Advanced
Product Quality Planning and Production Part Approval Process” The integration of reliability during
the initial stage of product lifecycle, creates a closed-loop connection between the design & physical
product. Thus, DfR aims to improve system reliability, boost bottom line by reducing warranty costs
incurred due to product returns/ failures/ recalls and enhance customer satisfaction. The purpose of
this paper is to demonstrate a system architecture that integrates Product Lifecycle Management (PLM)
system with Reliability Management System (RMS) complemented by the Knowledge Management
(KM) system using Robotic Process Automation (RPA) tool. Thus, allowing engineers to control
changes and cascade reliability requirements in a closed-loop environment across the value chain to
improve the product and process design.

Keywords— Reliability, Product Development, Knowledge Management, Design for Reliability, Product
lifecycle management, Enterprise Resource Planning, Reliability Management System, Robotic Process
Automation, Equivalence Class Transformation, Intelligent Automation, Artificial Intelligence
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Abstract—Product lifecycle management on a digital platform as opposed to physical documents
offers many advantages for large and complex projects. The design cycle for a small commuter aircraft
has been initiated on a Product Lifecycle Management (PLM) Tool. Cultural resistance to changing
from a paper-based system was overcome by having five dedicated Subject Matter Experts (SME’s)
in the systems engineering team addressing each major discipline in the transport aircraft. Each
SME first captured all the customer and regulatory requirement for the discipline under their charge.
They also developed a typical design activity chart which was then reviewed by the design teams. The
programming of the PLM was undertaken by a separate PLM implementation team. Migrating to a
PLM platform has resulted in important benefits like communication between all the stakeholders,
management of design artifacts, single source of truth, tracking the requirements and control via
stage-gates at various phases of the design process for the project.

Keywords— product lifecycle management, requirements capture, schedule management, digital twin
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Abstract—This paper presents the product lifecycle aspects of a typical ordnance device. As a case
study, “Explosive Nut” is selected which is used in launch vehicle stage separation systems. This
separation system uses the energy of the high explosive which is converted to useful work by severing
a notch in the nut. The mechanism involves various types of ordnance elements starting from the
squib with a deflagration output which gets converted to a high explosive shock wave. In this paper,
various aspects of the product lifecycle management concepts are studied and an implementation
plan for the explosive nut is addressed, which can be extended to any similar launch vehicle ordnance
system. The mature phase of the product or the service period of the product is the longest duration
in the “life cycle” However, the limitations of using a pyro element and the fact that it deteriorates
over time adversely affects its shelf life and usability. Hence, extension of shelf life greatly increases the
value addition of the product.

Keywords— Explosive Nut, Product Life Cycle, Development life cycle, Operational life cycle, Human rating
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Abstract - One of the most important missions of ISRO is Gaganyaan mission where ISRO is aiming to
put human in an orbit for some duration and bring back to earth safely. The safe return and recovery
of the crew is the top most priority in this mission even in case of abort or failure of the mission. The
Crew Escape System (CES) is designed only for the purpose of safe recovery of crew which pulls Crew
Module (CM) away from the launch vehicle and takes it to a safe altitude and range in case of abort
during the ascent phase in atmospheric regime. Design of such a system is very challenging. One of
the reasons to make the vehicle aerodynamically stable is the absence of active control in this vehicle
and placing of propulsive motor nozzles that are projected to the flow at the centre of the vehicle. Crew
Module (CM), the heaviest component is located near the base shifts the CG of the vehicle close to the
base. Moreover, presence of jets during abort reduces the effectiveness of the fins. Hence, making the
vehicle aerodynamically stable is really challenging in abort scenario. Reduction of external acoustic
levels during ascending is also another design criteria. Proper shaping of CES has been carried out
to take care this. In a nutshell, aerodynamic design of the CES has been carried out to minimize the
acoustics load and improve aerodynamic stability. The present paper discusses regarding the steps
followed to overcome the above challenges aerodynamic characteristics of the finalized configuration.

Keywords— Crew escape system, acoustic, stability, conical, cone-ogive, man mission
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Abstract—In high-speed atmospheric vehicles, the aerodynamic drag force imposes serious concerns
due to their hazardous behaviour on the vehicle surface. Therefore, ground-based experiments are
performed using similar models to predict such forces. The calibration of such impulsive forces
(expectedinreal experimental environments) needstobe performed prior to real-time experimentation.
Therefore, in the present study, a calibration task is performed by integrating a stress-wave force
balance with a bi-cone model. The balance is equipped with a strain gauge module that records strain
signals corresponding to the impulsive force applied on the nose of the model. The strain signals are
captured for the different magnitude of impulsive forces and these force and strain signals are used for
training and recovery of unknown forces. Here the forces recovered through ANFIS techniques are
compared with the known forces and also with each other. This provided an insight into the feasibility
and applicability of the soft computing approach towards the inverse recovery of unknown forces for
short-duration experiments.

Keywords—ANFIS, short duration force recovery, soft computing, strain gauge, impulsive force.
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Abstract— This paper discusses the design and development of a virtual reality (VR) based flight
simulator with built-in feature for cognitive load estimation. Realistic target tracking and context of
the battlefield is designed in VR and various environments (dawn, dusk, midday, night), and terrain
conditions (plains, hilly areas, ocean) are simulated. We have proposed an Al based agent model that
shall interact with the actual aircraft model to simulate battlefield scenarios. Head mounted eye gaze
tracker and EEG headset are used for acquiring pupil diameter, gaze fixation and theta, alpha, and
beta band power data at real time. We evaluated the system section both university students and later
with frontline military aviation pilots; each for six realistic task conditions. We used DWT based multi
resolution analysis of pupil diameter (PD) to compute the PD features. Median of the EEG band power
is computed as another cognitive load measure. We analyzed the variations in participant’s cognitive
load in comparison with his/her flying performance. We found that for similar flight performance,
EEG beta band power of student participants was significantly higher than real pilots. Results also
suggest significant increase in cognitive load when participants perform target tracking along with
secondary task.

Keywords—uvirtual reality, agent, flight simulator, ocular parameters, pupil dilation

114 SOUVENIR = BOOK OF ABSTRACTS



cP
h-4 pumss

Effectiveness of ADS-B integration in
Airborne Surveillance Mission

G Rajesh Gandhi U Nanditha
Center for Airborne Systems Center for Airborne Systems
Defence R & D Defence R & D Organisation,
Organisation, Bengaluru, India
Bengaluru, India nanditha@cabs.drdo.in

rajeshgandhi@cabs.drdo.in

R Ramkumar R Rajesh
Center for Airborne Systems Center for Airborne Systems
Defence R & D Organisation, Defence R & D Organisation,
Bengaluru, India Bengaluru, India
ramkumarr@cabs.drdo.in rajesh@cabs.drdo.in

Abstract—Automatic Dependence Surveillance - Broadcast Automatic Dependent Surveillance -
Broadcast (ADS-B) is a surveillance technology through which an aircraft establishes its geographical
position using satellite navigation and broadcasts its position periodically. This enables it to be tracked
by others. ADS-B In function facilitates the real time display of ADS-B tracks on a display computer
whereas ADS-B Out function facilitates the periodic broadcast of precise aircraft position and velocity
information along with other information like call-sign and ICAO number.

This paper considers a multi-sensor airborne surveillance system with sensors like radar, IFF etc.
and the value addition brought by ADS-B integration. It is shown that ADS-B integration is highly
effective during the full life cycle of airborne surveillance system as a test instrument during testing
of sensors, as a situational awareness sensor during operation and as a calibration sensor during
maintenance. We provide a scheme of integrating ADS-B sensor with the multi-sensor system. The
paper also describes laboratory integration test bed for ADS-B along with Mission Management
System (MMS) and Multifunctional Tactical Console (MTC), which are constituent components of
airborne surveillance.

Keywords: Airborne Surveillance, Automatic Dependent Surveillance- Broadcast, Radar, Situational
Awareness, Mission Management System (MMS), Multifunctional Tactical Console (MTC).
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Abstract— This paper focuses on design and development of hybrid structures using graphene
in-conjunction with metallic pattern based metamaterial radar absorbing structures. The design
optimization of graphene-based fractal structure has been carried out. The structure is designed
using FEM-based electromagnetic simulation tools. A computational engine based on a multi-
objective particle swarm optimization technique has also been created for structural optimization.
The proposed structure exhibits an absorption of more than 98% across a frequency range of 8GHz
to 20GHz. Graphene based radar absorbing structures are suitable candidates in the military aviation
domain due to their reduced thickness and enhanced bandwidth characteristics.

Keywords— Fractal, Graphene, Metamaterial, Multiobjective particle swarm optimization, Radar
Absorbing Structures.
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Abstract—In this paper, the analysis of stress concentration, notch matrix consideration, formation
of cubical shape of fragment and the desired thicknesses for various masses of fragments generated
from cylindrical warhead casing has been presented. Stress concentration factors are analyzed as case
notch geometry. Complete case fracture of the warhead case will occur at a smaller case radius and
fragment velocity will be lower as compared to a natural fragmentation case. Notch matrix geometry
must consider the design of the notch in such a way that it utilizes the maximum strain and maintains
symmetric shape with respect to the strain space. The notch matrix configuration should be designed
based on the circumferential strain rather than axial strain because axial strain is much smaller than
the circumferential strain. The optimum case break up can be achieved at 60° notch matrix angle. A
cubical shape of fragments can be generated from warhead casing by giving internal notching of v-cut
and external notching with rectangular cut. The fragment size is a function of the case thickness and
distance between the notches. The optimum grid spacing should be within the limit of 1.0 to 1.5 times
the case thickness. Cylindrical warhead prototypes of various thicknesses have been designed using
internal notching based configurations and combination of internal-external notching with AISI-4340
steel alloy. Finally, comparative study has been carried out for analytical and experimental results of
these warhead prototypes in terms of number of fragments and mass of fragments.

Keywords—detonation, controlled fragmentation, warhead casing, stress Concentration, internal
notching, symmetric notching
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Abstract—The indigenous establishment of large size hypersonic wind tunnel by ISRO / Vikram
Sarabhai Space Centre (VSSC) involved design, development, and manufacturing of many critical
valves. These critical valves perform ‘positive isolation’ function of a high-pressure high temperature
system and isolates the test section. To generate high velocities above the order of Mach 5, these valves
are required to open very quickly at high pressures and high temperatures.

The main hot shut off valve HSV-4 is required to maintain leak tightness at 110 bar pressure and
needs to open very quickly in less than 3 seconds (part of the travel in 0.2 seconds). Due to the high
velocity flow from high pressure section to vacuum section, temperatures of the sealing surfaces &
valve internals reach up to the order of 1550 K (1277 °C). The hot shut off valves are required to
operate for many thousands of cycles with trouble free operation facing such high temperatures for
short span of time. This demands very careful and meticulous considerations in design for robust and
consistent product performance.

Keywords - Hypersonic Wind Tunnel Systems, Indigenously developed Hot Shut Off Valves for critical
high pressure & high temperature applications, film cooled, water cooled, fast acting hydraulic actuated.
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Abstract— Traditionally the bonding of small-sized aircraft composite sub-structure parts such as
spars and ribs to the skin is carried out with the layout method. There is no separate assembly jig, in
general, used to perform the bonded assembly for sandwich skin, spar and rib involving lightweight
foam as a core material. Alternatively, bonding carried out in-situ on the mould using layout method
and application of load performed for bonding using sandbags, leading to lack of positional accuracy,
non-uniformity in loading, and overall time-consuming process for bonded assembly. It is necessitated
by the fact that the enhanced method is required to speed up the assembly process, improve the
accuracy of part positioning and achieve better bonding. In this work, the novel equipping fixture has
been designed for a typical aircraft wing to bond sub-structure parts to the skin. This multipurpose
fixture is attached to the wing mould and is used to locate, support and hold the spar cap, spar web
and ribs through a locating template. Provision is given in the fixture to apply uniform load on sub-
structure parts during bonding with the skin through a loading template. This article brings out the
effective utilization of 3D CAD to model the fixture along with wing parts and to simulate the actual
assembly sequence of each part digitally before proceeding with fixture fabrication. The wing was
successfully manufactured using the equipping fixture. Fixture design in support of 3D CAD enables
greater accuracy in bonded assembly, improved part quality, and reduced lead time.

Keywords— Equipping fixture, CAD model, Assembly simulation, Bonding

8™ INTERNATIONAL CONFERENCE ON
PRODUCT LIFECYCLE MODELLING, 1 19
SIMULATION & SYNTHESIS



CP
6-2 pumss

Practice of Agile Scrum in Product Development

Chandra Sekhar Kappagantu Mahesh M Nair Basavaraja Patil
Scopes Product Line Scopes Product Line Scopes Product Line
Tektronix India Development Center Tektronix India Development Center Tektronix India Development Center
Bengaluru, India Bengaluru, India Bengaluru, India
chandrasekhar.kappagantu@tektronix.com mahesh.m.nair@tektronix.com basavaraja.patil@tektronix.com

Abstract — Through this document we would like you to walk along with us on our journey to
switch from the traditional waterfall model to Agile development. How the agile mindset helped the
organization to adapt agile scrum from team to team there by achieving the best productivity with
high quality. We also ensured to consistently maintain the level of productivity with regular trainings
and support to the teams to stick to the new PLM.

As part of the PLM, we employed new application lifecycle management tools that helped using
in capturing our customer pain points, challenges, new advanced features they want to build into
their product. Once we capture our customer voice, our R&D gets into action and does a rigorous
brainstorming session to come up with requirements or features as per customer needs and requests.
We then break those requirements into EPICs and the epics are broken further down into small units
as STORIES which are owned the respective associate and delivered story by story to epic; from there
epic by epic to the final product in iterative manner using Agile Scrum.

Keywords — Agile, Epic, Iteration, Scrum, Story, Velocity.
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Abstract—Airborne EO/IR camera system provides multi-spectral, high definition (HD) imagery of
an area of interest and are thus an essential sensor system in both aerial and maritime surveillance
scenarios. They capture images simultaneously using a plethora of optical sensor payloads in the
Visible (VIS), Short-Wave IR (SWIR) cameras and Medium-Wave IR (MWIR) spectrum. Exploitation
of the images/videos from this gamut of sensors can have a force multiplication effect for the operator.
While Artificial Intelligence has made great strides in the civilian domain in the task of exploitation
of the output images/videos of these systems, translating this success into the military domain is still
a major challenge. In this paper, we propose an Al-based, segmented, modular system architecture
that can be interfaced with the Airborne EO/IR Camera and tactical display, for effective exploitation
of its multi-spectral output. This provides force multiplication effects in terms of Automatic Target
Recognition (ATR).

Keywords—Artificial Intelligence, MWIR, SWIR, Airborne, Maritime, Surveillance, ATR, MTI, CNN,
RNN.
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Abstract— Designing an automotive automatic transmission is a complex and highly skilled task.
Depending upon the various speed ratios needed, a transmission engineer decides the gear dimensions,
number of individual components like planetary gear set, clutch & brake components, and sequence
of their engagements. This is usually done in early conceptual phases of product development, a term
popularly known as generative engineering, although the generative engineering also addresses the
later part of design (for example controller design). The challenge here is to make a cost effective and
compact transmission design with minimal power loss. As the number of speed ratio increases, the
design complexity increases manifold. There are various algorithm and tools which helps an engineer
to optimize the design. Once a design is ready, it’s architecture needs to be created in the form of a 2D
layout, which is axisymmetric projection of the actual 3D design. One of the biggest challenges during
2D layouting is to ensure that none of the lines intersect each other as it violates the assemblability
constraint, also known as planarity violation. In this work, authors are proposing a methodology to
automatically generate 2D graphs for the automatic transmission. The methodology has been tested
on few designs ranging from 4 to 9 speed automatic transmission. It successfully finds the architecture
without violating the planarity condition.

Keywords— 2D Graph, Auto layout, Line search, Planarity check, Generative engineering, Conceptual
exploration

122 SOUVENIR & BOOK OF ABSTRACTS



CP
6-5 pumss

Generation of Parametric Modeler for CAD automation using
Knowledge Based Engineering (KBE) Tools available in 3D
Experience (CATIA) Software

Satyabrata Satyajit Sahoo Ankur Deb Krishna Pratap Singh
Computer Aided Design Facility, Computer Aided Design Facility, Computer Aided Design Facility,
Materials & Mechanical Entity,Vikram Materials & Mechanical Entity,Vikram Materials & Mechanical Entity,Vikram
Sarabhai Space Centre,Indian Space Sarabhai Space Centre,Indian Space Sarabhai Space Centre,Indian Space
Research Organisation Research Organisation Research Organisation
Thiruvananthapuram, India Thiruvananthapuram, India Thiruvananthapuram, India
sssahoovssc@gmail.com ankurdeb02@gmail.com krishna.vssc@gmail.com
Anil Kumar Garg

Computer Aided Design Facility,
Materials & Mechanical Entity,Vikram
Sarabhai Space Centre,Indian Space
Research Organisation
Thiruvananthapuram, India
anilkgarg999@yahoo.com

Abstract—Multidisciplinary Design Optimization of Space Launch Vehicle Systems involves many
iterations of design change within the feasible design space to capture the optimum design intent. In
the process, it results in repetitive Computer Aided Design (CAD) based modeling of components,
which often leads to simple but repetitive and tedious tasks resulting in human errors, procedural delay
and less productivity in the quality of output delivery. In such cases, Automation is a powerful tool to
reduce human dependency and speed up the entire process. The main purpose of this work is to develop
a simple Knowledge Based Engineering (KBE) template for CAD Automation. A parametric modeling
approach comprising of a Multi Model Generator (MMG) is developed which is capable of generating
a family of cylindrical panels having Orthogrid/Waftle and Isogrid structures having applications in
Interstages of Launch Vehicle Projects as per the iterative design requirements by reusing the same
parameters. Inbuilt kernels and Feature Based Modeling tools are used in 3D EXPERIENCE (CATIA)
Software. The design inputs are collected from the designer and stored inside the parameters, which
are used to model the features. The formulae link different dependent parameters for defining all
possible inputs required for 3D modeling. Thus, the repetitive task of modeling a large number of
features can be avoided. Also, the edition of features and their locations in the structure becomes
automated based on the minimum number of independent design parameters enabling us to reduce
human errors and improve the overall output quality and productivity significantly.

Keywords—Automation, CATIA 3D Experience R2020x, Computer Aided Design, Explicit Modeling,
Feature Based Modeling, Kernels, Knowledge Based Engineering, Multidisciplinary Design Optimization,
Multi Model Generator, Parametric Modeling, Waffle Structure
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Abstract—Digital manufacturing holds a prime stake in digital product development lifecycle.
Particularly in aerospace manufacturing, where product cycle times are very long, so it’s very important
to ensure validation of complete manufacturing cycle in digital environment right from planning to
final assembly. This can be achieved through digital manufacturing simulation and validation of the
manufacturing processes in context of tooling and factory environment. This also plays a significant
role in finalizing design of tools and resources. In digital thread that spreads across product lifecycle,
design and manufacturing are key phases in ensuring the build quality of a product. This aids in
assessment of time and cost in manufacturing. Digital manufacturing applications helps in defining
manufacturing process digitally from part manufacturing to factory planning including verification
with human ergonomics. Introduction of Model Based Definition (MBD) in design, mandates all down
the line processes to work with 3D data which is possible only in digital environment. In concurrent
engineering, process planners are encouraged to assess the designs for manufacturability before
release, digital manufacturing tools significantly helps process planning and methodizing teams to
quickly assess the design. The complete manufacturing process up to rollout can be simulated digitally.
This paper discusses an implementation experience of digital manufacturing in aerospace from
process planning to supply of 3D based visual work instructions to shop floor. This process starts
from importing of Engineering Bill of Material (EBOM), creation of Manufacturing Bill of Material
(MBOM) followed by process planning through verification & optimization in digital environment.
Finally manufacturing data transferred to ERP system for manufacturing execution.

Keywords - Digital Manufacturing, Process Planning, Concurrent Engineering, MBD
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Abstract—Biological composites such as nacre, bone possess versatile mechanical properties such as
high toughness and stiffness compared to that of their constituent at the basic level. These excellent
mechanical properties are attributed to various factors such as the material and geometry of the
constituents, especially the hierarchical arrangement of the staggered platelets inside the matrix. Bio-
inspired composites are synthetic composites, whose design is inspired by biological composites. In
this study, we conduct a finite element analysis to find out the stiffness of a two hierarchical (2H)
stairwise staggered composite composed of regular staggered composite (SR) as platelet. The obtained
results are analyzed for different combinations of platelet aspect ratio and volume fractions. Also, the
results are compared with the available analytical model. These results could help the advancement of
design strategies adopted in the field of bioinspired hierarchical composites.

Index Terms—bio-inspired, hierarchical, regular staggered, stairwise staggered
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Abstract— Fuel pump of LOX hydrocarbon based rocket engine employ impeller realized through
conventional casting process and made by stainless steel alloy 04X13H5M5K9JI. The pump impeller
is shrouded, centrifugal flow impeller with backward curved blades. It operates with inlet pressure
provided by the inducer and delivers the fuel at the required flow rate and pressure to thrust chamber.
The rejection rate of the realised hardware is high, due to the inherent casting defect. Hence an
alternate route for realization of main fuel pump impeller is planned. The present study has been
carried out to realised Fuel Pump Impeller of LOX hydrocarbon based rocket engine through Additive
manufacturing process using 17-4 PH material in place conventional casting route.

Keywords—17-4 PH, LOX, Additive manufacturing, Powder bed fusion
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Challenges and Lessons Learnt in Additive Manufacturing Technology for
Realization of Wind Tunnel Models for Combat Aircraft

Aeronautical Development Agency:Balaji Haridasu

This paper brings out the functional requirements of low speed wind tunnel
models, resulting into manufacturing complexities for realization through
additive manufacturing, for a typical combat aircraft program. Benefits of
adopting additive manufacturing technology for realization of wind tunnel
models were briefed.

The paper elaborates mainly the design challenges Viz., Orientation
selection meeting strength requirement, size shrinkage compensation,
thermal distortion, sharp edges, thin surfaces thickness limitations, etc. and
also the manufacturing challenges Viz., support material removal, part size
limitations, hole irregularities, achieving fine tolerances and good surface
finish, internal porosities, insufficient melt due to power shutdown, etc. The
inspection challenges viz., creating datums and reference surfaces were also
discussed in this paper.

Case studies were covered highlighting the design, manufacturing and
inspection challenges. Also the best practices to mitigate each of the
challenges were also elaborated.
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Abstract— Wire Arc Additive Manufacturing (WAAM), also known as Directed Energy Deposition
— Arc (DED-Arc), is an additive manufacturing technology that utilizes arc-welding process to melt
and deposit the metal-wire feedstock, layer upon layer, to achieve the required near-net-shape part.
Unlike a vast majority of Metal Additive Manufacturing techniques, WAAM operates without the
constraints of a rigid build chamber, thereby enabling the production of parts that are larger than those
which can be produced through the other techniques. This dimensional freedom, in conjunction with
higher productivity, shorter lead times, lower cost per part, and the variety of compatible materials
readily available in wire format, makes WAAM the most promising manufacturing process for large
structural components, especially in the aerospace sector. The objective of the research is to explore
whether WAAM process is adequate to produce parts of required quality, for critical applications such
as Gas Bottles, Fuel Tanks and Grid Fins made up of Ti-6Al-4V. This paper presents the methodology
adopted, the process variables selected, and the effect of each of these variables on the stability and
quality of the deposition process, along with the mechanical properties achieved with heat treat
treatment process and the resulting microstructure observed on the printed coupons.

Keywords— Wire Arc Additive Manufacturing « DED-Arc « Near-net-shape manufacturing « Titanium
Alloys « GTAW « Heat Treatment « Microstructure « Mechanical Properties
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Abstract

The announcement of Human spaceflight from Indian soil has opened a Pandora’s Box of
opportunities and challenges. Space biology experiments, propelled by the inquisitiveness to
understand life in space, demands huge engineering support in terms of customized
hardware to meet the functional requirements of each experiment[1]. Any
designconsideration for space biology hardware need to fulfil invariably two prerequisites-
i) requirements specific to the biological specimen under study and ii)ability to withstand
launch load vibration with minimal/null disturbance to the experiment.In the case of an
internal payload with animal subjects, contamination of crew module is a concern which
need to be addressed by providing multi-level containment and life supporting systems.
Considering the demands of customisation, complexity, and specific strength for design of
the spaceflight hardware, additive manufacturing was explored as a promising technology.
By applying the philosophy of Design for Additive Manufacturing (DfAM)[2], we designed
and developed a spaceflight hardware as an internal payload to conduct autonomous
biology experiment in the LEO for 5-7 days. The envisaged biocompatible hardware could
support whole animal models enclosed in experimental vials. The designed hardware could
hold 20 vials and was provided with two levels of containment, vents for proper airflow and
dampers to withstand load vibrationsduring launch and splash down. First level of geometry
design was done with all the requirements of hardware followed by different
iterationsperformed by considering minimum mass and volume and proper air flow
conditions.The final design (Fig.1)was optimised by following the design for Additive
Manufacturing philosophy, wherein the geometry of window and air flow vent was changed
to elliptical to minimise the use of support material during printing. All the vibration
analyses were carried out using Ansys Workbench 2020 R1 Academic. First modal analysis
frequency was 893Hz, which was far above the critical frequency. From the all
analyses,maximum stress (VonMises) of 105 MPa was obtained from Random vibration
analysis in normal mounting plane (Fig.2). The Margin of Safetywas calculated and found to
be 0.31, indicating the capability of hardware to withstand the vibration launch loads.For
evaluating the biological experiments on Earth, an optimised geometry prototype was
manufactured by Fused Deposition manufacturing.
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Did we “build” it correctly ? — Exploring automation possibilities of
on-orbit inspection for in-space additive manufacturing
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For most space exploration missions, it cannot be denied with veracity-based reasoning that
there does exist an analogous similarity between the same with an excursion visit executed by
the likes of the public. The stance is that the journey with ardent possibilities of potential
mishaps and unaccounted anomalies must be equipped with all possible and cautionary
precautions — be it in the number of resources that could be carried or the reason why they are
being carried. However, lately, since the focus of major space agencies has been distracted
towards the clearer understanding behind the lack of any reasoning for such idiosyncrasies of
the kind, the question of whether the products and tools we require in space, be manufactured in
space ?

Whilst the same does exist as an interesting question to ponder upon, it also acts as a possible
opportunity for the field of additive manufacturing to take the step on leading strides in the
same. Consequently, in-space additive manufacturing became a research discipline for
individuals, organizations, and governments as the possible aim for harnessing the next space
revolution [6]. The attention of various space agencies in the same was reflected in how various
sub-teams, dedicated research groups, and individual research objectives occupied the official
stance for many space agencies [4].

While the opportunity of building tools and products required for space in space appeared
lucrative, its mechanical and technical feasibilities were a perspective to be explored. Ranging
from the likes of polymers for simple mechanical tools to metal for aerospace engineering
operations, in-space additive manufacturing opened possibilities of enabling sustainable,
flexible, and environment-friendly space exploration missions [5]. In 2014, under the
partnership and collaboration with Made in Space, NASA successfully established the first 3D
printed on the International Space Station with the capacity to print in three different polymer
materials. in 2021, ISRO’s Research Goals document Yukti Sanchita identifies on multiple
locations the need for additive manufacturing for producing aerospace superalloys with
enhanced fracture properties, PCBs, etc [2-3].

However, post-production of in-space additively manufactured tools, an eminent challenge that
arises is that of in-process monitoring and on-orbit inspecting. It essentially translates to the fact
that given the in-space crew does not own the same technical capacities to assess, inspect, check
and qualify the manufactured products in-space, their certification for use in space and further
deployment becomes difficult. Consequently, the need to inspect these tools in orbit for
dimensional and volumetrical accuracy becomes crucial.

In this paper, we explore the possibilities of the same. At first, we review the existing literature
available on on-orbit inspection techniques for AM tools. We carry out throughput analysis for
each of these techniques to analyze their potentials and drawbacks. Finally, we divert our
attention towards ML-based automation of on-orbit inspection techniques using strides made
recently in the field of computer vision [1].
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Topology Optimization of Additively Fabricated VTM brackets using SS316L
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Additive Manufacturing (AM) with its unique Layer by Layer Fabrication methodology is often
considered as a disruptive technology to the conventional manufacturing processes. The ability
of AM to fabricate complex designs without the need for any tooling or fixtures has resulted in
application of design concepts such as Topology Optimization and Design for Additive
Manufacturing. This enables the fabrication of lightweight structures, parts consolidation,
conformal cooling channels etc, which were previously considered infeasible using conventional
manufacturing processes.

The presented paper demonstrates the use of L-PBF (Laser Powder Bed Fusion) process to
fabricated load bearing VTM brackets for in-flight application. The paper also discusses the
application of topology optimization on the VTM brackets in order to achieve lightweight
structures critical for apace applications. L-PBF, classified as a direct metal AM process, uses high
intensity laser beam to selectively melt micro sized metal powder in order to achieve fully dense
3D structures. Parts fabricated using L-PBF have demonstrated mechanical characteristics
equivalent to conventionally fabricated parts. This enables the use of AM process for end use
applications in critical sectors such as space technology.
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Abstract— The main objective of this research effort is to study a methodology for topology
optimization by using numerical methods such as Finite Element Analysis, and a mathematical model
of the topology optimization problem is brought out here. Optistruct is used as solver for optimization
and finite element analysis. The objective function is to minimize the weight of the components
keeping the shape of the component as design variable. The stress developed in the structure due to
gravity loading is defined as constraint in the topology optimization problem. Weight saving of 20%
is found out during the study.

Keywords: Gravity, Minimize, Optimization, Optistruct, Stress, SIMP, Topology, Weight
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Performance optimization and production of U-Fitting bracket using LMD
technology
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First titanium 3D-printed part installed into serial production aircraft 3D-printed parts are already flying
on some of Airbus A320neo and A350 XWB test aircraft. These include metal printed cabin brackets and
bleed pipes. Value proposition: CATEC & CiTD Engineering started experiencing the potential of Meltio
LMD technology for aircraft and aerospace parts from the very beginning. As application example to
explore capabilities, part proposal was an aircraft U-fitting bracket. Several units of the bracket were
manufactured with the M450 metal 3D printer with Stainless Steel 316L pursuing to verify dimensional
and mechanical properties of Meltio’s metal wire printing at different layer heights and with/out Heat
Treatment. The first study stage concluded that dimensional deviation was really low (+ 0,2 mm), thus
the part had really few excess/lack of material vs. nominal CAD. Moreover, brackets were not influenced
by distortions typically caused by thermal stresses associated with laser based metal AM processes. The
promising results motivated to follow further investigations with most suitable lightweight materials
such as Aluminum and Titanium.
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ABSTRACT

Fasteners are the devices that mechanically join two or more objects together and they play an important
role in the assembly of aerospace structures. A typical bolted joint is held together by a clamping force
which must be retained for the entire duration of its service. Clamping force is created when we tighten
the bolts by torquing during assembly to create tension in them, by turning the nut or bolt while holding
the other. Reliability of a bolted joint is highly dependent on magnitude and stability of this clamping
force and some critical joints require precise clamping force owing to design requirements. In such
critical joints, the torquing process has to be accurately controlled to control the accuracy with which the
clamping force is provided.

In a typical launch vehicle, there are numerous critical joints and nut factor is necessary to be evaluated
for each such joint. Nut factor evaluation is an involved process with unique test setup, measurements and
analysis. It is reported that a scatter of about 26% is expected in the preload achieved at a given input
torque for as-received steel fasteners from a large number of sources, as reported by Bickford. In order to
have better pre-load control, each batch of fasteners can be tested for the same joint configuration, which
is a rigorous and mundane task. By testing enough samples and getting a statistical mean value of K, a
desired level of confidence can be achieved even with corresponding scatter for in the values. In such a
scenario, latest state of the art techniques can be applied to predict the nut factor based on the data of the
fasteners from a particular batch. Over the years, different types of fasteners in numerous combinations
have been tested and voluminous data is available. This paper proposes machine learning based algorithm
for such an application to predict the nut factor through systematic simulation.
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A new approach to Electrical System Design for Aero and Space platforms
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Modern day Aero and Space platforms present a tremendous challenge in terms of Electrical
complexity due to exponential rise in the Electronic content. Data Integrity and collaboration
across domains and in all phases of product development is a key concern. On top of it ever-
increasing need to innovate and shrinking development cycles, brings in additional risk.

As E/E content increases in all aspects of the platform, semi-automated development methods
and information silos are no longer adequate and, in many situations, counterproductive.
Moving to an Integrated and digital approach provides a way forward.

This paper explores many challenges Aero and Space companies face today vis-a-vis Electrical
System design and how a Model based approach and cross domain collaboration can help
address these challenges.
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Abstract-A Digital Risk Twin (DRT) is a model of a system used to simulate the functional and
physical risks that can impact safety and mission assurance (SMA) attributes of platforms, stages, and
equipment in a space environment. The Digital Risk Twin enables digitization of System Engineering
processes and ensures that design decisions are made with an understanding of the implications for
system reliability, availability, and cost of ownership.

The DRT plays a crucial role throughout the Systems’ lifecycle from requirements and conceptual
design to operation. Various pieces of engineering specifications are captured through these phases to
iterate and concurrently analyse the system to ensure systems’ operational reliability and sustainability.
A typical DRT subsumes the function of requirement management and enables traceability of the
intended design, ensuring compliance with design specifications. This paper will explain how a Digital
Risk Twin can be integrated with other engineering environments like PLM etc to analyse and mitigate
these risks concurrently during the design phase and verify that system SMA requirements are met
with a specific design configuration.
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Abstract— Burnishing is a super finishing operation which not only improves the surface finish but
also induces residual compressive stress on the surface. Alloy steel fasteners of AISI 4140, AISI 8740
and AISI 4340 are generally used in landing gear applications. All these fasteners have the stringent
fatigue life requirement as these fasteners undergo cyclic loads. The effect of roller burnishing on
fasteners made of AISI 8740 for the fatigue life improvement was studied. The results show that fatigue
life of fasteners improved drastically after roller burnishing is introduced in the manufacturing process.

Keywords—Roller Burnishing, Fatigue Life, Alloy Steels Residual compressive stress
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ABSTRACT-Investment casting process also known as lost-wax casting process is widely used for
the realization of aerospace cast components with complex geometries, close dimensional tolerances
and good surface finish. Proper metal feeding and gating system plays a significant role in realization
of good quality castings with minimal defects. With the advancement of computing technology
and simulation process, casting simulations are widely used in the modern foundries to predict and
eliminate casting related defects. This paper explains the simulation iterations done using ProCAST
software to optimize the gating system and actual casting pouring trials done for realizing aerospace
quality turbopump investment casting.

Keywords-Gating system optimization, Hot spots,Investment casting, Niyama, ProCAST.
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Abstract— Air storage vessels of Trisonic wind tunnel aresized to provide the required run times for
the blowdown facility. The vessels have a length to diameter ratio of 11 and dimeter to thickness ratio
of 132. The vessels are designed meeting the requirements of ASME Boiler and Pressure vessel code.
These vessels are intended to be used for a period of 50 years (or two lakh cycles of operation). The
number oflife cycles of the vessels is estimated using the results of finite element analysis at two extreme
operating conditions that gives the highest stress range, along with the design fatigue curves of the
ASME code. Being slender in nature, the vessels are handled with techniques to prevent distortions
while fabrication, transportation, assembly and erection. The vessels are fabricated following a rigorous
quality assurance plan. The design, fabrication, transportation, alignment, erection and testing of the
air storage is executed meeting the relevant standards.

Keywords — Pressure vessels, wind tunnel, design, fabrication

140 souveNr

BOOK OF ABSTRACTS



T8
1-15

PiMSS

2021

Design of Forging Process for Manufacturing Inconel 718
Hemispherical Forgings for Oxygen Storage by Modelling and

Chenna Krishna S
Materials and Mechanical Entity
Vikram Sarabhai Space Centre,
Trivandrum, India
chenna.sk@gmail.com

Nitesh.N
Materials and Mechanical Entity
Vikram Sarabhai Space Centre,
Trivandrum, India
n_nitesh@vssc.gov.in

Simulation

Karthick N.K
Materials and Mechanical Entity
Vikram Sarabhai Space Centre,
Trivandrum, India
karthick nk@vssc.gov.in

Ramesh Narayanan P
Materials and Mechanical Entity
Vikram Sarabhai Space Centre,
Trivandrum, India
ramesh_narayanan(@vssc.gov.in

Pravin Muneshwar
Materials and Mechanical Entity
Vikram Sarabhai Space Centre,
Trivandrum, India
pravin_muneshwar@vssc.gov.in

Mohan M
Materials and Mechanical Entity
Vikram Sarabhai Space Centre,
Trivandrum, India
m_mohan@vssc.gov.in

Abstract— This paper deals with the design of forging process by optimization of technological
parameters for closed die hammer forging using modelling and simulation with an aim to produce
defect free forgings. This approach has been applied to hemispherical forgings of nickel based
superalloy (Inconel 718) with nominal size of 300 mm diameter with a wall thickness of 25 mm.
Simulation has been used for the optimization of process parameters such as forging temperature, die
temperature, amount of deformation, transfer time and forging equipment. Metal forming simulation
software FORGE has been used to visualize the metal flow in the die cavity and distribution of the
temperature, strain, strain rate, and stress. Based on these parameters, an optimized process was
designed and implemented in industry for the manufacture of hemispherical forgings meeting the

metallurgical requirements.

Keywords— Forging, Inconel 718, Modelling and Simulation
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Transforming Manufacturing Work Instruction in Digital way- Efficiently
Srinivasan K S, Siemens DISW

Abstract

In today’s competitive world manufacturers are seeking solutions to address the challenges
in manufacturing process and Quality. Regulated industries such as in aerospace must
invest significant efforts to define and implement high standard shop floor documentation. In
many cases, government regulations mandate that shop floor documents meet certain
criteria. Even today companies are following inexpensive software tools to author
documents. These tools do not connect to the engineering design and manufacturing
planning processes. The work instructions are often difficult to understand and wvisually
insufficient. In addition, its not always clear if the instructions were up-to-date and
consistent. Moreover these standard tools & process do not satisfy intra-company formatting
and layout standards thus deviating compliance and paving way for quality issues. In order
to overcome these issues , Electronic work instructions (EWI) is the solution to have
computerized visual tools to instruct shop floor workers to perform their jobs. Unlike paper-
based work instructions, EWI may also include 3D models of the parts to be assembled,
information about the tools as well as product and manufacturing information (PMis). In
addition, EWI may be interactive, allowing the reader to manipulate the 3D view, play
animated assembly sequences as well as browse through a sequential list of steps to be
performed per job order. Electronic work instructions has become a standard for many
manufacturers. To get the most from this tool, companies should implement a reliable
system that allows smooth change management, minimizes data conversion and provides
state-of-the-art, 3D-based, interactive authoring. Various publishing strategies can be
applied, according to the company’s needs. Wisely implementing enterprise work instruction
authoring tools may lead to significant savings in engineering time as well as minimizing
time spent by manufacturing experts on the shop floor.
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Abstract—The cylindrical & conical structures are integrated for launch vehicles to place satellites in
the definite orbit. During launch, the cylindrical & conical structures experience aerodynamic friction
which results in heat generation to the tune of 500 degree Celsius. Thermal Protection System (TPS)
application is needed on outside surface of cylindrical & conical structures to withstand aerodynamic
friction and heat.

Conventionally, the TPS application is carried out by manual spray / brush application along the length
of cylindrical & conical structures zone wise for launch vehicles using skilled workforce. The process
is time consuming, laborious, hazardous and expensive approach. Further, various quality issues like
thickness variation & weight variation, variation in paint deposition used to be observed with manual
application of TPS.

For technological advancement (to optimize the process of Thermal Protection System, to minimize
variation of thickness, to control the deviation in weight above its specification, to minimize the
paint dripping / sagging and obtain better texture/glossy finish), the TPS application is mechanized
and automated for finding the process parameters for linear feed of manipulator boom and rotary
speed of turn table in automation using Computer Numerical Control (CNC) to get the exact closed
helical path of spray pattern while carrying out TPS application throughout the large sized cylindrical
& conical structures for launch vehicles to reduce cycle time, operation cost, operators fatigue due to
exposure with hazardous chemicals and also to increase the effectiveness of the process.

Keywords—TPS, PSLV, GSLV Mk2, GSLV Mk3, Isoscope FMP 30 & Probe FA 14, Curator, critical
path, MOS, AOS, DBTL, LR grade, Polysiloxanes, PC-10 Red, PC-10 White, Eddy current, Heating.
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Abstract—Nickel based super-alloy XH67MBTIO (~67% Nickel) in various forms is used for
fabrication of ISRO’s liquid engine main turbine parts for launch vehicles. Higher nickel content in
this alloy compared to conventional nickel based super-alloys gives superior ignition and oxidation

resistance at higher working temperature. Post Weld Heat Treatment (PWHT) is an essential process
on this material after forming/welding to relieve the stresses. Also, being a precipitation hardened alloy,
post weld heat treatment is essential to achieve adequate strength. During the process of realization
of main turbine components, material exhibited severe cracks after post weld heat treatment. For
nickel based super-alloys, this problem is known as Strain Age Cracking or PWHT cracking. Based
on studies carried out, welding in over-aged condition and solution heat treatment with very high
heating rate (> 60°C/min) are the two solutions to overcome above problem. Due to metallurgical
complexities of welding in over aged condition, a cycle with higher heating rate was selected to avoid
cracking problem. Hence study towards different heating techniques was done to achieve heating rates
greater than 60°C/min with the available furnaces. Initially induction heating followed by transferring
the assembly to resistance furnace was envisaged. A technique to carry out induction heating was
developed with multiple trials. All components heat treated with above established technique did not
exhibit PWHT cracking phenomena thereby establishing the developed process. This paper brings
out the details highlighting the methodology for achieving higher heating rate in Nickel super alloys.

Keywords: PWHT Cracking, Induction Heating, Solutionising, Over-aging
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Abstract-Chromic acid anodization (CAA) process based on hexavalent chromium (Cr6+) is
widely used for the corrosion protection of aircraft aluminium alloys. Due to carcinogenicity and
toxicity associated with Cr6+, CAA process need to be phased out by eco-friendly alternatives. In
this direction, modified tartaric-sulphuric (TSA) process followed by sealing in permanganate based
bath has been proposed. Towards this, optimization and initial evaluation of sealing formulation was
carried out in a Lab scale setup. The coating process leading up to certification was carried out in a
pilot scale anodizing plant (400 L) and subsequent evaluation was carried out as per MIL-A-8625F
specifications. The performance of the permanganate sealed TSA anodized aluminium alloys was
found to be comparable with that of the conventional CAA coatings. This paper elucidates the overall
process evolution spanning from the conceptualization of novel formulation to setting up of a pilot
plant to demonstrate bigger area substrates/components and further, to obtaining of process clearance
certification.

Keywords- Anodization; corrosion protection; eco-friendly; RoHS; self-healing
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ABSTRACT

Welding produces residual stresses near the weld region. These self-equilibrating stresses
often result in distortion and loss of performance. This can be seen in the reduction of
fatigue life and early component failures. In this study, the evolution of residual stresses
and distortion for maraging steel (M250) multi-pass weld will be predicted using
mathematical models. A coupled thermal and structural transient numerical model is
developed to simulate the welding process in Comsol. This model can account for a moving
heat source as well as the transient metal deposition occurring during welding. A material
model is also developed to account for melting, elasto-plasticity and thermal expansion
behaviour. The thermal results are validated using the experimental melt pool dimensions.
The thermal results do show the cooling rates and maximum temperatures experienced due
to each pass. Maximum temperature and cooling rates decrease as we move away from the
weld. Distortion in the plate is observed to increase with each pass. The heat-affected zone
(HAZ) exhibits higher von Mises stress than other regions.

Keywords: Welding, Model, Multi-pass, Heat affected zone, Maraging
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Abstract—Any Airborne surveillance system has multiple sensors and communication links on
board for detection, tracking, Identification and classification so as to provide a Recognizable
Air Situation Picture (RASP) of a scenario of interest. All the airborne sensors work in a cohesive
manner to provide effective surveillance over the region of interest. In addition, the system also has
communication links to transfer RASP to the ground station. The performance proving of such system
is challenging and requires deep knowledge about sensor behavior under different dynamic scenarios.
Such an Airborne surveillance system is complex and has a long life cycle. An important aspect is to
characterize the performance of such a system against the Measures of Effectiveness (MOEs). Also
the individual Measures of Performance (MOPs) needs to be evaluated. Another important aspect is
operationalization of such system which requires trained operators. Training in air is time consuming,
costly and restricted due to the environment.

This paper provides the architecture of integrated sensor simulation for operator training and
performance evaluation in Airborne surveillance systems. The representative sensors that are consider
are Primary Radar (PR), Identification of Friends or Foe (IFF), Electronic Support Measure (ESM)
and Communication Support Measure (CSM). An important aspect of such sensor simulator is the
fidelity with which the simulation matches the actual sensor output. Hence the simulation has to be
built around an architecture that can transfer the statistical performance of the real system to the
simulated system. Also it needs to be have a modular architecture to be scalable with respect various
interfaces and other components.

Keywords—FPT, Primary Radar(PR), Identification of Friends or Foe (IFF), CSM, ESM
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Abstract-Lightning zoning process detects the surfaces/zones of the aircraft, susceptible to lightning
strike and identifies region susceptible to stroke attachment and the regions which would only carry
the stroke current. Lightning zoning is the prime input for implementing the lightning protection
scheme to protect the aircraft from both direct and indirect effects of lightning. Rolling Sphere Method
(RSM) is a conventional method used for the design of suitable shielding to ground based structures.
This method has been applied for detection of initial lightning attachment regions of fighter aircraft.
The current work outlines application of RSM on digital product definition data of fighter aircraft, for
upfront identification of lightning-prone zones. The paper mainly brings out the CAD data usage for
lightning attachment evaluation of fighter aircraft.

Keywords- Lightning Zoning, Rolling Sphere Method
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Abstract— Ceramic heaters are in great demand for various applications including space. The electrical
power requirements of a spacecraft are met by the clean and environmentally friendly photovoltaic
conversion system. It utilizes a Solar Array Restraint and Release System (SARRS) consisting of
a Kevlar cord and thermal knives for controlling and releasing the solar panels. Before the launch,
the solar panels are held in their folded configuration by securing them with a Kevlar cord around
the spacecraft. On reaching the orbit, the electrically powered thermal knives cut the Kevlar cord
within seconds on command and thereby the solar panels will be deployed. Basically, the thermal
knife consists of a ceramic substrate heater element, with a distinct electrical resistance trace pattern.
Ceramics like alumina or aluminum nitride are used as substrates and the heater is made by screen
printing Pt paste. It is very important to optimize the ceramic heater design as it determines the
uniform distribution of heat and also ensures the life of the ceramic heater. In the present study, a
ceramic heater that finds application in a thermal knife has been modeled and the results of the same
will be presented.

Keywords— Ceramic, heaters, Modeling, Pt paste
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® Abstract. Modern Rockets Used In Space Missions Have Thrust Generated Of
Thousands Of Newtons. Thrust Generated Due To Burning Of Propellants And Oxidiser
Results In Huge Temperature And Heat Generation. Most Heat Flux Occurs Near
Proximity Of Nozzle Throat Which Needs Cooling As Combustion Temperature And
Heat Is A Threat To Structural Metals. This Paper Reviews Different Cooling Methods
And Efficacy On Rocket Chambers And Nozzles. In This Paper Experimental And
Numerical Modelling Investigation Done By Researchers Is Also Highlighted With
Results And Discussions. This Paper Also Brings In Light Of Critical Research Gap To
Be Addressed By Future Generations.

e Keyword : Rocket Thrust, Nozzle, Propulsion Engine, Heat Transfer, Cooling.

150 SOUVENIR = BOOK OF ABSTRACTS



TB
2-5 pumss

2021

Enhancing Space System Design and Modelling

Avinash Gangaiah
Portfolio Development
Siemens Digital Industries Software
Bangalore, India
avinash.gangaiah@siemens.com

Abstract— We are living in a time full of technological advancements in the products, manufacturing
technology and the move to Industry 4.0 are changing the way systems are made. The emergence of
5G and connected technologies are gaining traction and are going to play a key role in next generation
technology. This has opened doors for a lot of private organizations backed by venture firms and
billionaire investors in launching Satellites and putting the Man in Space missions.

The key to designing for purpose is to ensure first time right. Today’s software solutions are on the
forefront of innovation for developing a comprehensive product digital twin that can turn ideas
into reality in record times. These solutions help address multiple engineering challenges which are
introduced by the new age products. It is important to embrace new age digital solutions that help
reduce the overall product development cycles with comprehensive digital twin and upfront validation
increasing the confidence on the integrity of the system and achieving the goal of first time right faster.
This paper will highlight current product development methodologies and how new technological
trends can be utilized to devise a faster comprehensive digital product development process for
realizing better products.
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ABSTRACT

Crew Escape System (CES) mainly consist of different types of solid motors which are sized
and fired such that the Crew Module (CM) is pulled away from the Launch Vehicle during
any exigency occurring while the Launch Vehicle (LV) is on the launch pad or during its
initial ascent phase. Four numbers of CES Escape Motor (CEMs) are mounted on Thrust
transfer Structure and are covered by Ogive Shroud. Cutouts are provided on the Ogive
Shroud for the assembly of CEM Nozzle divergent which are projecting outwards. Multilayer
sealing is proposed to fill the gap between CEM and Ogive Shroud which allows differential
deformation of the interfacing structure. Multilayer Sealing also provides adequate thermal
protection and prevents CEM exhaust gas entry into CES compartment and protects the
avionics packages assembled inside and maintain safe environment. An innovative way of
sealing the interface between the nozzle region and shroud was conceived along with
assembly procedure with complex interfaces. By combining different materials and taking
into account their thermal and mechanical resistance as well as their fatigue properties,
multilayer fabric is proposed to meet the functional requirements. Kevlar material coated
with Polychloroprene is planned for impermeable structural layer, Aluminised silica cloth for
thermal/heat resistant layer Fabric level testing at room temperature and elevated temperature
are carried out for generating design inputs. Towards this product development, detailed solid
modelings of the components are generated; assembly sequences are worked out and
demonstrated the feasibility of realisation and assembly operations through mock hardware.,
This technical paper describes the criticalities and challenges in configuring the sealing
configuration, characterization of the fabric material at room temperature & -elevated

temperatures and assembly sequence between the CEM nozzle and Ogival shroud.

Keywords:Crew Escape System, Ogive Shroud, CEM, Sealing
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Abstract— Aerospace industry is one of the fastest growing industries. In this emerging market,
speed and efficiency are quintessential, along with highest quality requirements. Various aspects of
the supply chain management and life cycle management of this industry are very well studied to
understand the ways and means to achieve these requirements. It is a well known fact that fasteners
play a vital role in the assembly of aerospace structures and that their supply chain is not often given
the importance it deserves. Though there have been few studies on the supply chain management of
fasteners in aerospace industry, their life cycle management is largely overlooked. A large number of
fasteners in numerous types are used for each launch vehicle and each type of fastener has a unique
lifecycle. Considering their importance and also the variety of fasteners used in aerospace applications,
particularly in launch vehicles, it is an essential requirement to study the life cycle management of
fasteners in detail. With their variety and quantity, they pose unique challenges in meeting the quality
and schedule requirements. Fasteners have the potential to disrupt the entire supply chain, if all the
factors are not considered while managing their supply chain. A proper understanding of the fastener
life cycle is essential to manage it effectively, which can help immensely in maintaining an effective
and an efficient fasteners supply chain. This paper presents a comprehensive and sustainable approach
towards the PLM practices for fasteners in launch vehicles.

Keywords— Fasteners, PLM, launch vehicle, aerospace, supply chain management
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Abstract— The world is racing tech savvy right from ordering food to building rockets. Today
we've moved into digital era where we are constantly surrounded by new apps and tools and project
management is becoming largely a digital experience. With the advent of mega scale projects there
is a need for better project management tools, to achieve greater performance through good project
management practices. It's time project management paces in the tech race. Traditional project
management practices are being forgone and it is important for organizations to improve their
practices. A project manager today is asked to not only to keep up with ever-changing goals and to
manage a team with tasks and priorities but also to launch innovative products with demand and value.
A project manager is also compelled to handle several projects at a time. Project managers report that
they do not have access to adequate tools dedicated to project managers. The common issues faced by
todays project manager in PLM are, there is no reserved space for him to manage the project, to define
and describe all policies and directions for a project, secondly, he has time limited knowledge on the
vast information available in PLM, subsequently, he is only able to partially associate the available
information for decision making, and most importantly, he is not effectively sure what all the users are
performing in PLM. Finally, at the closure of the project all the information lies scattered all around in
PLM. This calls for an open framework where the project manager has an explicit workplace for himself
to define all the project needs and tools for effective Project Management. He can formulate all the
required information to flow along with him throughout the project. As a first step towards this, is the
concept “Project HandBook”. This distinct module includes handling the project requirements, holds
guidelines as defined by Project Manager and selected tools for project execution and monitoring.
Through this, a project manager gains knowledge and authority just as an “Air Traffic Controller”
(ATC) in an airport on his project. The ATC in PLM is the “Project HandBook™ A Project Manager
once inside the Project HandBook will be able to establish and manage guidelines for the project,
have access to all required information effortlessly in the form of chapters, analyse information from
all round for assessment, manage users through the logs and reminders and when a project gets over
Project HandBook will be the only source of information that will be needed to know about the entire
project. So a “Project HandBook” is an all exclusive record managed by the project manager.

Keywords—Project Manager, PLM, Project HandBook, Module, guidelines, chapters, information.
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ABSTRACT

The objective of this study is to disembark at a cumulative solution which facilitates accurate content
extraction from a cascade of varied content of Gas Turbine Research Establishment (GTRE) aero engine
applications across various data sources. The whole focus is to enable the user to create, manage, share
and archive various kinds of content with flexible but secure and authorized access, thus moving towards
a complete information management system which delivers digital content across platforms.

Content Management is an integral part of Product Lifecycle Management which can pose a challenge
when there is a need to stored & manage content of GTRE’s heterogeneous aero engine applications, with
restricted access. While the system demands that the development efforts of any product needs to be in
sync with the development process, a quick & controlled access along with the support of various formats
are also the necessities of a decent Content Management system.

Information Technology Group (ITG) of GTRE is one of the major stakeholders in the PLM
implementation along with design module groups and Project Management Office. ITG has tackled this
challenge by deploying the Teamcenter Active workspace Client (AWC), which is an innovative and an
easy-to-use intuitive user interface. It eliminates the factual confusion by leveraging a single source for
secure content authoring, review and access to ensure proper distribution. The user access request is
authenticated by Teamcenter Single Sign-On (SSO) through Windows Domain Control. Since AWC is a
part of Teamcenter, the integration is seamless and simple.

The Content Management implementation using AWC is intended to secure the GTRE’s digital assets,
there by preserving the intellectual capital of the Organisation and also to reduce time and costs involved
in search-and-retrieval of content, besides reducing the need to protect physical document storage and
movement.

Keywords: Active Workspace Client (AWC), Content Management, Product Lifecycle Management,
Single Sign-on (SSO)
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ABSTRACT

In this paper, the focus is on the interpretability aspect of a futurist tool i3PLM -
interpretability, interoperability and interaction. Right from the design stage up to product
development, every product undergoes host of changes. Though several strategies have bee
put in place to reduce the cycle time through product life cycle management (PLM), we
believe that the use of powerful new tools machine/deep learning have not been effectively
used in PLM. Along with traditional simulations, this work aims to show how the idea of
‘interpretability’ can be integrated in PLM.
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Abstract: The paper describes a simple and cost-effective production management tool. A simple
production management software which offers easy-to-use Graphical User Interface is described here.
The software PROduction Growth Reporting & Evaluation Software System (PROGRESS) is used to
streamline the entire Avionics Production process and manage product traceability. The work flow in
production management and product life cycle of Avionics packages for operational launch vehicles
are described in brief. The need for the production management tool and implementation aspects are
covered in detail. The software is developed using Excel as a low-cost inventory management solution
to meet the customized requirements of Avionics production. Coding is in Visual Basic Application
(VBA) based Excel tool and Data is organized in excel files. The hurdles and deployment issues are
also listed. The feasibility of linking with Electronic Production file software is also covered as avenues
of future work.

Keywords: Avionics, Production Management, Advanced Mission Computers (AMC), Advanced
Telemetry Systems (ATS), Graphical User Interface (GUI), Production Work flow
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Simulation studies on the interaction of cutting edges and
machining induced defects in CFRP composites

Danish Handa
Department of Aerospace Engineering
Indian Institute of Space Science and Technology
Thiruvananthapuram, India
danishhandal991@gmail.com

V.S. Sooraj
Department of Aerospace Engineering
Indian Institute of Space Science and Technology
Thiruvananthapuram, India
sooraj@iist.ac.in

Abstract—Carbon fibre reinforced polymer (CFRP) composites are generally classified as a “difficult/
unfriendly to machine” material due to its anisotropic and nonhomogeneous behaviour. Defects such
as fibre pull-out, fibre bending, fibre matrix debonding are commonly observed while machining
these composites. Several experimental studies have provided useful information regarded damage
mechanism for these composites. However, repetition of experiments for each and every situation
under different process variables may be technically monotonous, time consuming, expensive and even
health hazardous due to high amount of carbon dust. Numerical simulation studies may provide better
alternative for understanding damage mechanism in CFRP while machining at various processing
conditions. Hence, present work investigates the cutting behaviour and machining-induced defects
on CFRP composites by modelling its interaction with single-point cutting edges. The simulation
presented in this paper provides useful information regarding material removal mechanism of CFRP
via plastic deformation/brittle fracture. The model was developed with proper consideration of actual
mechanical characteristics of CFRP, considering fibre, matrix and fibrematrix interfaces individually.
Experimental verification was performed using single point cutting tool at various processing
conditions. Micrographs of machined CFRP surface were also analyzed to understand the machining
induced defects. The proposed simulation study and its theoretical justifications may pave a platform
for the researchers to understand failure mechanisms during machining of CFRP composites.

Keywords—CFRP, micro-cutting, defect, finite element mode
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Functional Hazard and Fault Tree Analysis for a Transport Aircraft

Ganesh Madhuranath A C Pankaj
Systems Engineering Division Systems Engineering Division
CSIR-National Aerospace Laboratories CSIR-National Aerospace Laboratories
Bangalore, India Bangalore, India
ganesh79@nal.res.in acpankaj@nal.res.in

Abstract—The paper presents the process of developing functional hazard and fault tree analysis at
the Aircraft Level for a typical 19 seat twin engine Light transport turboprop aircraft. The Functional
Hazard Analysis (FHA) has been performed at the aircraft level to identify and classify hazards that
may compromise safe operation during flight. Further, a Fault Tree Analysis (FTA) has been performed
for the catastrophic and severe major hazards identified from the FHA. The critical failure events that
would lead to the loss of aircraft has been identified and the probability of occurrence of catastrophic
events has been shown to be less than 1le-9 through a detailed fault tree analysis. The procedures
to meets the requirement as outlined in FAR 23 Advisory Circular 1309-E has been explained in
detail. The advantages of redundancy in design to avoid single point failures and satisfy the regulatory
requirements for the catastrophic events has been explained through the functional hazard and fault
tree analyses.

Keywords— Aircraft Level Functional Hazard Analysis, Fault Tree Analysis, Preliminary System Safety
Analysis
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Role of Non-destructive Testing in the Life Cycle of
Space Composite Structures — Current and Future

Perspectives
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VSssC VSssC VSSC
Trivandrum, India Trivandrum, India Trivandrum, India
shkris@rediffmail.com mathew_sebastian@vssc.gov.in m_premdas@yvssc.gov.in
Usha KM Bijudas CR Priyadarshan H
Formerly with Composites Entity Dept. of Aerospace Engineering Dept. of Avionics
VSSC 1IST IIST
Trivandrum, India Trivandrum, India Trivandrum, India
ushakodanat57@gmail.com biju@iist.ac.in priyadarshnam@iist.ac.in

Abstract— Composite structures are being used in space structures for their advantages such as
higher specific strength, specific stiffness, tailorability of properties specific to required directions,
realisaibility of near net shaped products. Non-destructive testing (NDT) plays a significant role in
the product life cycle of these composite structures. Its use starts from the process feasibility studies,
screening of specimens for mechanical property evaluation, feature based joint qualification studies,
individual component as well as product (assembly) level quality assessments, at different stages of
product qualification or acceptance tests, till its flight use and re-use if required. NDT methods for
the composite products are varied, diversified and their application at each stage is dependent on
the applicability and feasibility. This paper provides a brief summary of the contributions of NDT in
the product development of a composite camera structure. Current and future perspectives provided
on how the NDT and its results can be integrated into a digital twin for better product life cycle
management (PLM).

Keywords— Composite, qualification, NDT, digital twin, PLM
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Wire Arc Additive Manufacturing of SS 321 for
Aerospace Applications to Bear Static and Cyclic
Loads
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Department of Mechanical Engineering Department of Mechanical Engineering Department of Mechanical Engineering
National Institute of Technology, National Institute of Technology, National Institute of Technology,
Tiruchirappalli Tiruchirappalli Tiruchirappalli
Tiruchirappalli, India Tiruchirappalli, India Tiruchirappalli, India
sanjeevi0606@gmail.com rajesh.nitt88@gmail.com prdshankar@gmail.com
N. Pravin Kumar N. Siva Shanmugam
Department of Mechanical Engineering Department of Mechanical Engineering
National Institute of Technology, National Institute of Technology,
Tiruchirappalli Tiruchirappalli
Tiruchirappalli, India Tiruchirappalli, India
npkumar.pr@gmail.com nsiva@nitt.edu

Abstract— Wire and arc additive manufacturing (WAAM) process is a fast-growing technology for
the mass production of near net-shaped components with complex geometry. In this study, a multi-
layered wall was fabricated via Gas Metal Arc Welding (GMAW) based WAAM process using ER321
filler wire. Optimal parameters were obtained from iterative trials. The as-deposited SS 321 wall was
free from defects. The mechanical properties and microstructural evolution of the WAAM processed
SS 321 wall was examined. The micrographs revealed the existence of columnar and equiaxed
dendrites along the building direction, and recrystallization of grains was observed due to the re-
melting of former layers. The microstructure was dominantly austenite with a small fraction of ferrite
within the austenitic matrix. Comparable tensile properties were noticed for as-deposited SS 321
WAAM samples in comparison to wrought grade. This is attributed to the presence of equiaxed and
columnar dendritic microstructure with a small ferrite fraction (FN). The hardness gradually reduced
from bottom (250 HV) to top (199 HV) region in SS 321 wall and is attributed to the difference in
microstructure with varying ferrite fraction (5.9 to 3.6 FN). The fractured tensile samples revealed the
ductile mode of fracture. In addition, the cyclic loading behavior of as-built WAAM specimens along
with fatigue crack growth analysis was performed in accordance with ASTM E1820-20b standard. The
fracture toughness of wrought alloy and WAAM processed SS321 is 162 kJ/mm2 and 180 kJ/mm?2.
This study demonstrates the potential of WAAM technology for the fabrication of free-form structural
components with comparable tensile and fracture strength in comparison to wrought alloy.

Keywords— Fracture toughness, Mechanical properties, SS 321, wire arc additive manufacturing,
welding.
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Tailoring the microstructural characteristics and
mechanical properties of Austenitic Stainless Steel
308L overlays deposited using Gas Metal Arc Welding

process
N. Pravin Kumar A. Rajesh Kannan R. Pramod
Department of Mechanical Engineering Department of Mechanical Engineering Department of Mechanical Engineering
NIT Tiruchirappalli NIT Tiruchirappalli NIT Tiruchirappalli
Tiruchirappalli, INDIA Tiruchirappalli, INDIA Tiruchirappalli, INDIA
npkumar.pr@gmail.com rajesh.nitt88@gmail.com prdshankar@gmail.com
K. Sanjeevi Prakash N. Siva Shanmugam
Department of Mechanical Engineering Department of Mechanical Engineering
NIT Tiruchirappalli NIT Tiruchirappalli
Tiruchirappalli, INDIA Tiruchirappalli, INDIA
sanjeevi0606@gmail.com nsiva@nitt.edu

Abstract— Gas metal arc welding (GMAW) based weld overlaying is an efficient and economical
repairing process. In the present study 308L stainless steel was deposited on the 321 stainless steel
substrate using the above technique. The mechanical properties: uni-axial tensile test and the
microhardness analysis along the weld overlay and the interface section were investigated. The
microstructural characteristics were studied in detail using optical microscope (OM) and scanning
electron microscope (SEM). XRD analysis was made to examine the primary phase composition
present in the weld overlay and the interface section. Tensile studies were conducted along three
different orientations: 0° (LD), 45° (ID) and 90° (TD) along the welding direction. Tensile test results
were higher for the interface section in ID orientation (IF-ID; UTS- 655 MPa, YS-404 MPa and EL-
56.8%. In the case of HF sample ID orientation was higher (HF-ID UTS-571 MPa, YS-366 MPa and
EL-55.2%). Alignment of ferrite phases in the overlay side to the loading direction has the effect on
the strength. Microhardness values were higher on the overlay section (230 HV) and the interface
section exhibited 218 HV. The results acclaim the good metallurgical bond between the 308L stainless
steel and the substrate. At the interface between the overlay and substrate, microstructure featured
epitaxial growth. The weld overlay is composed of mainly columnar and equiaxed dendrites as an
effect of the cooling rate and the thermal gradient during the overlay process. Also, ferrite content
usually increases on the overlapped weld beads. Hence a suitable deposition strategy shall be followed
for repair applications to enhance the properties of the substrate.

Keywords— Austenitic stainless steel, Mechanical properties, Microstructure, Weld overlay.
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3D Printing / Additive Manufacturing (AM)
Digital Transformation with the EOS’s
Digital Tools (Software) & Training

Prakasam Anand Daniel Amos
Country Manager - EOS GmbH Director — Delta Rapid 3D
anand.prakasam@eos.info daniel@deltarapid3d.com

Abstract—The Covid Situation, and the increasing Digitization of the Technologies all over World
Industries, Business owners and Leaders of the Nations are given a challenge to manage business
remotely in order to manage the global demand in the Manufacturing.

This crisis is hitting companies who have not implemented the Digital Transformation in their
production processes. Digital platform companies like Google, Amazon, Apple, Facebook, Swiggy,
Zomato, Alibaba etc.. are running their business due to the digital nature of their business without
much impact. So companies around the world are now looking to transform their production set up
into digitally managed distributed work cells to handle the current crisis and also the future.

This is where Industrial 3D Printing / Additive Manufacturing from EOS GmbH offers great flexibility
in providing a digitally managed facility. What this means is even your factory /R&D people can work

from anywhere in the Globe and get components manufactured at any time across the clock.

This is been made possible with the Digital Tools and the Print Farm that has made it possible with
the following advantages.

* Easy Entry To Industrial AM- without any Greater Challenge.
% Data Protection — Only Sharing a Task File to the Service Provider.
) Digital Inventory — Access to the technology Across Globe.

Q)

o' Complete Access - To All the EOS Platforms (Metal & Plastic)

-
,(15:’ EOS Print farm - Attractive MHR (Machine Hour Rates)
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Larsen & Toubro is honoured to have been associated
with India’s Space Programme since the 1970s.

Our galaxy of contributions to this vital sector includes
Solid Stage Motor Casings, Light Alloy Inter-Stage
Structures, Heat Shields and Deck Panels for Launch
Vehicles, Satellite sub-systems, SATCOMM Infrastructure,
Deep Space Antenna and Radar Systems for Space
Navigation and Exploration, Ground Testing Stations
including Hypersonic Wind Tunnel and Shock Tunnel,

Larsen & Toubro Limited, L&T Defence
Missiles & Aerospace Business

Tel: +91 80 6774 5191

Fax: +91 80 6693 6333

Email: defence@Larsentoubro.com

www.Larsentoubro.com

High Altitude Testing Facility and Thirty Meter Telescope.

Going forward, Larsen & Toubro is gearing up for
providing complete launch solutions. Our focused R&D in
Advanced Composites & Additive Manufacturing will be
leveraged to provide futuristic & cost effective aerospace
solutions.

Committed to building the nation, we are proud to assist
India in her journey towards the stars.

@ L&T Defence

A brand of Larsen & Toubro Limited

Regd. Office: Larsen & Toubro Limited, L&T House, N.M. Marg, Ballard Estate, Mumbai - 400 001. INDIA

CIN: L99999MH1946PLC0O04768
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Shri G. K. Devarajulu, more famously known as GKD established Lakshmi Machine Works 'Ta" Boom \. Bay Door
Limited (LMW) in the year 1962 to enable indigenous manufacture and supply of Textile Y
Machinery in India — with a vision that is quite similar to the wishes today of the
Government of India— “SELF RELIANCE’. LMW today is a global player and one among the
three manufacturers of the entire range of Textile Spinning Machinery. LMW has
successfully diversified into making CNC Machine Tool and is a brand leader in
manufacturing customised products. LMW’s Foundry makes environment-friendly
Precision Gastings for industries the world over. LMW has won the Top Export Awards in 90° sector stiffened  2m dia, Interstage
. . structure for EB Shroud  structure for SSLV
Textile Machine exports for the past several years.
Since 2004 LMW and its associate companies manufacture and supply components and -

Nose cap
panel

products for the Indian Space programs and to the Defence Aerospace PSUs as well as
global Aerospace Industry. Research and Development is the bedrock on which this
conglomerate has been built. LMW and its associated entities have developed and ]
delivered many critical systems to ISRO. LMW guidance from ISRO has designed and el

developed Solenoids, Control Valves, Fluid Control Components,Torque Motors, Gear -

Antenna Reflector

Head Motors, Electrical Actuators, Pressure Transducers since 2004. These components

are fitted and flown in every ISRO mission. Apart from ISRO, many precision systems and Payload Fairing
components for Aviation segment both Defence and Civil sector are being manufactured for GSLV Mk Il
by LMW. These include Gimbals for Electro-Optic Payloads, Power Take-off Shafts and
. . . . . COMPOSITE PRODUCTS TO
Retractable Landing Gear Systems. This manufacturing unit has been engaged with many DEMONSTRATE CAPABILITY AT LMW

DRDO projects as well.

In 2010, LMW has added the Advanced Technology Centre (ATC), a new plant to produce
systems, modules, assemblies and components for Aerospace sector. The facility spans

the composite and metallic arena. Aerospace Composite facility has international class Proof of concept for  Hat Stiffened Cylindrical

processing and assembly facility to deliver a spectrum of composite and hybrid structures Optical Structure Shell Assembly
for space, aviation and strategic requirements meeting all the quality protocols. ATC is one

stop solution to the Aerospace customer. In terms of infrastructure and capability, ATC

has world class manufacturing facilities and its Quality Assurance standards are aligned

to AS 9100 D Certification and NADCAP for special process viz chemical process, NDT,

welding and Heat treatment. NADCAP qualification for composite is in progress. ATC has Proof of concept for

ongoing projects with Indian Space Research Organisation - Vikram Sarabhai Space Small Satellite Satellite Deployer

Mounting Structure

Center, Defence Public Sector Units, Defence Research and Development Organisation
and major OEMs in US, Europe. ATC has been identified as Indian Offsets Partner (I0P) in

afew significant programs.
LAKSHMI MACHINE WORKS LIMITED

ADVANCED TECHNOLOGY CENTRE
489 - 511, Sathy Road, Ganapathy, Coimbatore - 641 006, INDIA. Phone : +91 422 719 8800 | Fax:+91422 719 8889
E-mail: chana.shirkoli@lmw.co.in | info@lmwatc.com | www.lmwatc.com
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Bharat Forge is a technology driven global leader in metal forming, having a transcontinental presence across ten
manufacturing locations, serving several sectors including automotive, aerospace & defence, power, oil and gas, construction
& mining, locomotive and marine. Bharat Forge has the largest repository of metallurgical knowledge in the region and offers
full service supply capability to its geographically dispersed marquee customers from concept to product design, engineering,
manufacturing, testing and validation. The world's largest forging company with manufacturing facilities spread across India,
Germany, Sweden, France and North America, Bharat Forge manufactures a wide range of high performance, critical & safety
components for the automotive & non-automotive sector.

Bharat Forge is the first Indian company to secure NADCAP approval for heat treatment of Titanium alloys. Bharat Forge is
AS9100D, DGAQA, Cemilac and Testing Lab ISO-IEC 17025 certified and has over the past few years manufactured critical
components for the Aerospace sector.

Bharat Forge Limited, Mundhwa, Pune - 411 036, INDIA, Tel: + 91-20-67042777, Email: info@bharatforge.com Website: www.bharatforge.com, www.kalyanigroup.com
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5 Listed in the Forbes Asia’s 200 Best Under Billion List in 2015

Auokbiited Kingdom
\Eentum Efectronics Linited
Ground Floor, Nosth Warehouse
Bloucester Docks -
ploucester, GL 1 2FB

a ew. Toim,
Bangalore Hh0T06

%) +9180414 36000 (= sale
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@centumelectronics.com

Customer list include Fortune. 500 companies

80% of revenue from Exports to 17 countries World-Wide
Sales & Support offices in France, UK, USA

Public Listed Company (BSE, NSE)

E Warld Economic Foram - Top Global Growth Company 2014

France

Centum Blectranieslimited
13 rue Camille Resipoulins
kssy les Molilpsaing
D244 Cedex |

www.centumindia.com
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/A AGI /Ansys

fAn Ansys Company

Redefining Digital Mission Engineering
with AGI: Systems Tool Kit (STK)

Design trajectories

Use STK Astrogator to design trajectories,
including nominal maneuvers and
station-keeping strategies.

Estimate orbits and update
maneuver planning & £
Use ODTK to estimate orbits based on observations. f/ﬂ ‘
You can use the updated orbit estimates in STK Astrogator
_‘, \

to re-plan station-keeping or other maneuvers.

Update planned maneuvers

Uplink maneuvers from STK Astrogator to
the spacecraft and use them in ODTK to
prepare for the next orbit determination run.

Update mission planning data

Use your latest orbit solution from ODTK to update mission-planning
products like ground-site acquisition times, eclipse predicts,
payload access times to the areas of interest on the ground,

and communication link margin analysis.

Fill in the gaps

Use STK Components to fill information gaps and generate
data products that you can use in other software tools or
operational status displays.

ANSYS, Inc.
Southpointe, 2600 Ansys Drive, Canonsburg, PA 15317, U.S.A. 724.746.3304, info-india@ansys.com, ansysinfo@ansys.com

WWW.aNsys.com, www.agi.com
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LA? +91 94955 47747

B S B C O (0) 2266 459 136
Plot no. 19, Samuha Aerospace Park

Estd. 1969

Adibatla (PO), Ibrahimpatnam,Ranga Reddy District,

Telangana State, India - 501510

ASACO has more than 5 decades of expertise in

manufacturing precision components & sub-assemblies for

space, aerospace, and defence industries.

Intricate machining of complicated components is one of
ASACO's proven forte. Based on years of experience in
manufacturing, ASACO has acquired expertise and production
technology for the manufacturing of world-class
products/assemblies and ‘intricate’/’complex’ CNC machined

components and sub-assemblies.

We have NADCAP accredited state-of-the-art "Electron Beam
Welding machine" (Chamber size IM x 1.2M x 2M - Electron Gun
of 15KW - 70KV) equipped with a "Helium leak detector."

“Nadcap

asaco.in | asaco.space welding
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INDIA

X AVDEL

Fasteners & Hardware | Advanced Composites | Aviation Services

Avdel (India) Pvt. Ltd was established in 1961 and is apart of a well established group of
companies with interests in various business sectors including Aerospace, Aviation,
Automotive, Rail and Defense. With head quarters in Mumbai (India), Avdel India has regional
offices in Bengaluru (the aerospace hub of the country) and sales offices across India.

OUR PRODUCTS & SERVICES

ATD
DIVISION

Aerospace,
Transportation
& Defence

AVIATION
DIVISION

m I
VIP CONCIERGE
SERVICES

AIR CHARTER
SERVIES

- MANUAL
HARDWARE s

MRO -3
{ —SURBORT; PRODUCTS
- —

MECHANICAL
CONTROL
CABLES

AIRCRAFT
ACQUISITION
AND SALES

INDUSTRIES WE SERVE

AEROSPACE

TRANSPORTATION BUSINESS AVIATION

Avdel (India) Private Limited: Ramon House, 6th Floor, 169 Backbay Reclamation, Mumbai 400 020.

Tel: +91 022 66345611 / 12 | Email: info@avdel.com | Website: www.avdel.com
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CACPL

Satellites \»

*
-
Ll

<=,
L1

Y |

Aircrafts

Ghakradhara Aerospace and Cargo Pyt Ltd was established in 1968 as LTE and in 2004 Q
ventored exclusively into AEROSPACE business, E

CAGPL - Agrospace Division(earfier LTE )expertise in Pressure Sensors, Accelerometers, .
Solenouds, Torque Motors. Actuators. Caontrol Valves & Maodules and Precision = e [
Machining Components for Space, Our in-house faciities for design & development, :"_/3 | L
machining, special process, assembly & testing under ane roof made us to facilitate our h
customers by delivering our products & services with utmost quality and on time ii’ “ .
dellvaries

Launch
With the technical support &guidance from 1SRO. GACPL has defivered more than 2500 Vehicles f 6:
<\ W

sets. of Control system Components for mulliple missions. Since: our Inception of \ b
Agrospace business we are part of all the {SRO's launches and we are continuing our " b
successiul association with mulliple husiness onits of 1SR over the past 17 Years,

We are privilaged to be associated with ISRO's special missions: (ke Chandrayaan, A .--.Ilu- 'l
Mangalyaan and the on-gaing nation's prestiqiaus human space program "Gaganyaan”, g

With the technical expertise fromiSRO projects. CACPL - Aerospace Division extended

its business presence into Aviation segment both Defence and Civil seclors. Realised I i ﬁ
many precision systems. sub-system and high precision components for Indian and = =,
Internationat customers. These include, Solenoid Yaives, Flow Contrel Valves, Gimbals Oe

for Electro-Optic Payloads. Power Take-off Shatts for LCA and Retractable Landing Gear 00

Siystems for UAV's, ‘

Chakradhara Aerospace and a—
Cargo Private Limited w

Aerospace Division
Formerly
{Lakshmi Techniclogy and Engineering Industries Ltd..) .
Regd. Office: “Lakshmi", 34-A, Kamaraj Road, Coimbatore - 641018
Factory: 20, SITRA - Kalapatti Road, Kalapatti, Coimbatote - 641048, INDIA, -
Phone: +91 422 2664100 | Fax : 491 422 26864221 W

Emall: vijayakannan@lakshmitech.com | marketing@lakshmitech.com T - w

www.lakshmitech.com )
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Craftsman Automation started the journey in
the year 1986 as a small scale industry in the
southern Indian city of Coimbatore, has grown
to become a leader in precision manufacturing
in diverse fields such as Automotive Power
train, Automotive Aluminium & Industrial
engineering (High End Precision Products &
Storage Solution).

The years of experience we have in the field of
Engineering has strengthen our commitment,
determined customer focus, culture of quality,
and unique emphasis on social responsibility
empowers Team Craftsman Automation.

Craftsman Storage systems, a Division of
Craftsman Automation provides efficient
storage solutions to optimize space and
provides easy accessibility depending on the
handling methodology of your SKU.

www.craftsmanstorage.com
Email: storage@craftsmanautomation.com

Automated Storage &
Retrieval System

2 -"—?"@Lﬁ__::__‘- o e

www.craftsmanautomation.com
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HI Q ELECTRONICS PVT. LTD.

Plot No: 9, Industrial Estate, Hosur 635 109,
TamilNadu, INDIA

| Contact : V. Sendyl , Mob : +91 9880231355

Quality PCBs serving for ISRO more than a decade

PCBs are supplied to various ISRO units including 1ISU, lIST,
LEOS, LPSC, SAC & URSC

PCBs are supplied for various applications including space and
ground use of ISRO , Aerospace, Defence applications
manufactured in India

Advanced automated manufacturing facilities located at Hosur

Rigid Multilayer PCB's upto 38 layers
Flex and Rigid-flex Boards
HDI Laser Drilled Microvia PCB’s

Materials including Polyamide, Rogers,High Tg FR4 and Flex .

Prototype [ Medium guantities of PCB's

Quality testing as per Space and Aerospace standards
Quick deliveries-starting from 7 working days
Comprehensive Quality testing including reliablity testing
Minimum trace width / spacing : 3.2/3.2 mil

UL Listed File # E156972

Approved supplier to ISRO as per ISRO PAX 304
AS9100 Rev D /150 9001:2015 certified with LCSO approval

Our major other customers are Elbit Systems israel, Rafael Israel,

Thales, BEL, Safran,Honeywell, Bosch, NPCIL,etc
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WITH BEST COMPLEMENTS from
~J.J. ENGINEERING PRIVATE LIMITED

29A JUSTICE CHANDRA MADHAY ROAD, KOLKATA — 700020,

Phone : 033 - 24745869, 24867202 M itS F
Email : yogeshjethwaGl@yahoo.com : SR Jensorax, trance

Authorized Distributors for
Meggit Sensorex, France

Manufacturer of LVDT with Multiple
redundancy  Simplex, Duplex, Triplex &
Quadruplex LVD1's

Other  products :  MEMS  based
Accelerometers, Tilt Sensor, Rate Sensor &
High-performance IMU units.

Authorized Distributors for
ROLLVIS SA, Swilzerland

Manufacturer of Satellite Roller Screws for
Flight Control Actuation Systems of
Satellite Launch Vehicles, Unmanned
Airborne Vt:hii'.lEs, Satellites & Aircralls.

Roller Screws used on Thrust
Vector Contral tor launch vehicles

Fuilnisnnra
L B e ey

Roller Screws used on
Cryogenic valve for

Differential Roller Screws -
Extremely high precision & resalution — Short strokes

12mm A0mm space launcher
e —
0,00mm
Leads
Omm
James Webh Space Telescope

Precision Actuaters for the +0.Sinm
i ’ : i pesitioning [
Spherical Primary Optical Telescope mirrar 2000 "

......

219 lacd 0.0208mm
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TECHNOLOGIES PRIVATE LIMITED ENGINEERING SERVICES PVT LTD

ADTL fully owned subsidiary M/s Alpha - TOCOL

ALPHA DESIGN W KORTAS INDUSTRIES ALPHA-TOCOL

PSLV/ GSLV Launchers and Parts
ADTL alongwith other Consortium partners

selected to bid for PSLV Launcher

Aluminum Shell panel of size 5000 x 2400 x 12.1 mm which houses

the Bus Structure, power systems, fuel and distribution systems

MERIDIAN WELDING &
TOP cor‘(l;Esl:‘?inEKl\lnl:BLY FOR GSLV MARK IIl PANEL SUB ASSEMBLY SEMI CRYO ASSEMBLY JIG MACHINING FIXTURE FOR

TANK DOMES OF PSLV & GSLV
STAGE 2

Kortas Industries Pvt Ltd., Thiruvananthapuram is a new subsidiary company of ADTL ,

who are already suppliers of critical parts of launcher sub systems for more than 10 years to VSSC

Alpha Desian 09, Service Road, HAL Il Stage, Indiranagar, Bangalore - 560008
pha Le g Tel: +91-80-4255 6909 Fax: +91-80-2521 6541
TeChn0|09|eS Pvt Ltd E mail: alphacorp@adtl.co.in Website: www.adtl.co.in
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%; Pl PERIYASAMY INDUSTRIESS

A Perfect Place for High
Precision Manufacturing

Periyasamy Industriess is committed to providing excellent products and services, where
a focus is on high precision machining deriving the strength from its unique standalone
machines and closely monitored robust system and processes. Periyasamy Industriess
is having a strong experience catering to the needs of the Aerospace, Defence and
Engineering industries.

& CNC 3-Axis turning centre and Multi axis turn mill centres:
» B-Axis Milling machines.
» Horizontal boring machines
* Plasma cutting and Robotic welding machines.
» Shearing and bending machines,
® In-house 3D Coordinate-measuring machine and
all type of measuring instruments and gauges.

© +9196328 28470, +91 95245 88888 # marketing@periyasamyindustriess.com
@ www.periyasamyindustriess.com ? 1/588, Anna nagar, Neelambur, Coimbatore-641062.
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SEC Industries Pvt Ltd

Hyderabad, Telangana

About Us:

Manufacturing industry accredited with
ISO 9001, ISO 14001, ISO 27001,

ISO 45001, AS 9100 quality standards
Committed to excellence in airborne,
ground support and Naval products
Maintanence, Repair and Overhaul
(MRO) activities for AN32 and Dornier
aircrafts.

Alternate workcentre for Manufacturing
and supply of 4000mm diameter and
above closed isogrid structures.
Established production source for
manufacturing motor cases with
15CDV6 and MDN-250 steels in the
rolled and welded route

Production source for manufacturing
Tanks with 15-5-PH steel

Vision:
e Excel in manufacturing and supply of

specialised products for Global
Defence and Aerospace requirements

Highlights:

o Defence offset partner approved by
Government of India

e Supplier to Israeli defence companies
for the past 15 years

Infrastructure

the Aerospace division

1) CNC Lathe: Max Dia 3500mm ABC: 10500mm
2
3

4

CNC Drill Station: Max Dia: 3500mm

Auto Tig Welding Station (AC/DC): Dia 3600mm, ABC: 10000mm
5 Axis CNC VTM: Max Dia: 4500mm, Max Z axis stroke: 2000mm

Products
Airbone Systems
Light Alloy Structures:
e 4000mm dia X 2500mm height closed
isogrid structures

Motor Casings:
¢ Motor casings with diameter ranging
from 400mm to 2000mm and length
from 1000mm to 7000mm with
MDN250 and 15CDV6 steels in the
rolled and welded route

Other Aerospace products:
e Nose cones, Engine bays, Thrust
frames, Fuel Injection tanks, other
welded and riveted structures

Ground Support Systems:

e EMI/EMC shelters, MIL grade
Command and Control shelters, UAV
Storage and Transport containers,
Mobile launchers, Article containers,
large Vacuum Test chambers, Pressure
vessels, Radar turntables, Refueling
systems, GDT trailers, Etc..

Naval Systems
¢ Weapon Handling & Loading systems,
Main Thrust blocks, Ballast vent valves,
Buoy release systems, Hull hatches,
Cofferdam doors

MRO Operations
e Total Technical Life Extension activities
of AN-32 Aircraft, Fuselage
Construction of Dornier aircraft

e Equipped with state of art Manufacturing, inspection and testing facilities. The following facilities have been augmented for

5) CNC Router: Table size: 4020mm X 2520mm
6) CNC Router: Table size: 6080mm X 2540mm
7)3D CMM

8) Pressure test facility

Customers (Partial)

: -
o OFF oons G G

SEC Industries Pvt Ltd

Aerospace . Defence . Naval . MRO

6-25, Opp. IDPL Projects
Balanagar, Hyderabad,
Telangana- 500037
India

P: +91-40-23770260, 23773520
F:+91-40-23773613

E: marketing@secindustries.com

Contact: Mr. Revikumar Nanu- V.P Aerospace
Mobile: +91-9496020053, 9100033359
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pys DASSAULT . )= CADmarC

SYUSTEMES fmmmﬁs Software Pvt Ltd

ENGINEERING
YOUR DREAMS

CAD CONSLILTING TRAINING

OUR WORLD CLASS PORTFOLIO

g;EEETﬁhﬁ;ﬂg (g soconnexion  f§\ AUTODESK /k|p ExrCAD (@ makerBot

OUR MOTO:

Drive customer delight & grow with our esteemed customers

far mane info:

TRIVANDRUM (HEAD OFFICE)

@ I Floo | Ehandrodayam Helghts | Thytsod
Thiruvananthapomm - 595014

0«91 9895769246 X, +91471 1328529
@ 491471 2378578 =0 sales@cadmarc.com Mail us:! @ info@lcadmarnc.com

BANGALORE PUMNE HYDERABAD COCHIN CHEMNAI COIMBATORE TRVANDRUM
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CNC FILAMENT WINDING MACHINES AND PRODUCTS

CNC Technics is well established to take up composite products using CNC filament
winding technology with winding capacities from Diameters 50 mm upto 3000 mm
and lengths from 100 mm upto 13000 mm

¢ Polymide Pipelines e Poles

o Convergent-Divergent Tube e Pressure Vessels
« Composite box section e Pressure Filters

e Tapered Pipes e Pipes

¢ High Pressure NON-Metallic Cylinders * Oxygen Cylinders
¢ Low pressure water treatment vessels e Stretcher Rods

* Epoxy Pipes e CNG Tanks

e Special products

We manufacture world class CNC filament winding machines and related accessories
in our 34,000 sq.ft facilities spread over 3 units in Hyderabad and Vizag in India.

CNC FILAMENT WINDING MACHINE SPECIFICATIONS
+ DIAMETER 10mm to 6000mm ¢ 2 AXES to 6 AXES

+ MULTI-SPINDLE
¢ LENGTHS 200mm to 19000mm + CADFIL Winding Software [ [T TR
+ SIEMENS Controls

Our Clientele for over 220 winders, includes customers from

+ Australia 4 Dubai + Netherlands ¢ Singapore + Venezuela
+ Argentina + Germany ¢ Qatar 4 Thailand + Vietnam

+ Abu Dhabi 4 India ¢ Russia ¢ Turkey

+ Brazil + Kuwait ¢ Ras Al Khaima ¢ Ukraine

+ Colombia ¢ Luxembourg ¢ Sweden + United Kingdom

+ Canada + Malaysia ¢ Saudi Arabia + USA

Our expertise is spread over three manufacturing units in India and equipped with
CNC Filament Winding Machines, Curing Stations, Moulds, Hydraulic Extractors
and Hydrotesters.

VESSEL WINDING

CNC TECHNICS PVT. LTD.

Composite High Pressure Cylinders

A" DUAL CONE WINDING

3A, Type-1, Kukatpally Industrial Estate, Hyderabad 500 072. INDIA.
Tel : +91 40-23078000, 23079414, Fax : + 91 40-23075498
e-mail : cnc@cnctechnics.com, Website : www.cnctechnics.com
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INNOVATIVE SOLUTIONS FROM LEADERS IN VACUUM SCIENCE AND TECHNOLOGY

Hind High Vacuum Company Pvt. Ltd. (HHV) is India’s premier high vacuum technology company,
contributing to Indian space technology development for over 50 years. The company has been
designing, developing, manufacturing a spectrum of highvacuum and thin film equipment and building

large infrastructure projects.

HIGH VACUUM EQUIPMENT AND INFRASTRUCTURE PROJECTS

CVD and CVI Furnace for Densification Cabin Environment Simulation System

of Carbon-Carbon Composites and to Carryout Functional Evaluation of
SIC Coatings Space Oriented Modules

Integrated Test Facility to Measure the Robotized Welding System for Aircraft
Thrust of lon-Propulsion Engines Engine Casings

THIN FILM TECHNOLOGY

Rotary Vacuum Brazing Facility

THIN FILM DEPOSITION EQUIPMENT THIN FILM & OPTICS PRODUCTS
Laser Optics Thin Film Night Vision Optics
Metallized Circuits
Magnetron lon-Assisted E-Beam -
Sputtering System Deposition System e&. I
-~ R - 8

— 'Y = Zinc Sulphide Domes Periscope Prism Optical Filters
——— i -_
= =

| \/ @
Plasma Enhanced Atomic Layer Multi-Purpose Thin Film . Black Absorb . .
CVD System Deposition System Deposition System UV Reflectors a%oatiiz;:; e EMI Shielding Coatings

Hind High Vacuum Company Pvt. Ltd., Site No. 17, Phase1, Peenya Industrial Area, Bangalore : 560058.

Phone : +91-8-41931000; Fax : +91-80-28394870; Email : info@hhv.in; Website : www.hhv.in
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VinVIsH

DERVATON T 2> Y PROOFOF |

OF SPECS JADEVELOPMENTA CONCEPT

VALIDATION
& GENERATION
OF PROTOTYPE 4

VOLUE PRODUCT
PRODLCTION | | ) Gl

Q‘ OUR SERVICES:

P~ Engineering design sevies é::::m%ﬁﬁ:ﬂ;ﬂ&;m&m
SECTDRS ~ P IR Design & PR Ass&n!blv Sumesstuiiy eweculted more than 300 projects |
SPACE AEROSPACE~» Embedded software development [BRSstestyeSsnas e

DEFEACE » Electronic Manufocturing Services

INDUSTRIAL » Mechanical design

TELECOM » CNC Machining

Regd, Office: C-16, Thejaswini Bulding, Technopark, Thiruwvananinapuram, Kerala - 695581, Indie. Ph # 8- 471- 40618361 39/40
Factory; Plot No. 510, Kinfra Industries Park, Thumba, Thiruvananthapuram, Kerala - 695 586, India. Ph: + 81-471- 2205040, 2705041
Wob: 9744008111 E-mail marketing@vinvish com, webste: wiwi vinvish.com
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1

-Counts!

Rethink Engineering
Additive Manufacturing lets you re-design and
develop complex geometries allowing:

 Weight Reduction

« Part Count Reduction

« Optimised strength to weight ratios

« Faster short-series production

« Payload Optimization

« Shorter re-design to rgalize life cycles

-~

¥ OFFERINGS

Consulting and Adoption | Additive
Engineering | Additive Manufacturing
Research & Development Solutions
Software Turnkey solutions

« North West Feed Cluster
« 250 x 250 X 319.85 mm
« 2 x 2 Cluster

« 2mm wall thickness

—

Additive Manufacturing proves Wipro 3D is AS9100 and
effective for wide range of space 1S09001 certified full'suite
applications like RF components, Metal Additive Manufacturing
Structural components ( Braekets and «= . global solutions provider and a
Frames) and applications such as thought leader in metal and
Thrusters, Main OxidizerValvess. advanced materials additive
Combustion Chamber Liners and manufacturing and
Propellant Injectors remanufacturing across
multiple technologies

SECTORS CORE COMPETENCIES

o e 06

Defence Aerospace Automotive CAPACITY __ BUILD POST
TECHNOLOGY PROCESSING

® o

Nuclear  Healthcare Industrial  Oil & Gas RESEARCH  TEST/ VALIDATION

Additive Manufacturing Plant
9-B/10 - A, 1st PhasePeenya Industrial
Area, Bengaluru - 560058, India.

Scan this QR Code to follow us on linkedin

www.wipro-3D.com | Email: info.wipro3D@wipro.com
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NATION BUILDING

Through Engineering Excellence
for more than 100 years

AEROSPACE

MISSILE

GEARBOXES
MINING & METALS

COAL HANDLING & WASHERY

PROCESS EQUIPMENT

- STEEL PLANT EQUIPMENT
Seth WALCHAND HIRACHAND

{23-01-1882 10 8-4-1953)

PRECISION INSTRUMENTS
A Patriot & A Visionary Industrialist -

FOUNDRY

() =4

wil@walchand.com | www.walchand.com
Tel.: +91 - 20 - 3025 2400

e rededicate ourselves lo
the Spirit of Entrepreneurship of our Founder

A Tradition of £ngineering Excellence

wos-2008  \WALCHANDNAGAR INDUSTRIES LTD.
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WAX PLASTIC

TN

.
A

ot -

PLASTIC METAL ELASTOMER CERAMIC

We bring the world of
Additive Manufacturing to your Industry

4h |
ADMEATEC | | o overens | | @Mardorged, | 12 bigrep wep MELTIO
HIET 3devo ProcTsini THOR™ ansa AT

Israel German: y

Monotech Systems Limited
114/1B, North Phase, SIDCO Industrial Estate, Ambattur,Chennai 600098, Tamil Nadu, India
+91 99401 85761 | +91 88840 52777
3dsolutions@monotech.in
www.3dmonotech.in
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Inception in 1992

Design and manufacture of
Space and defence equipment

Class 100K Clean Room with
SMT production lines

Digital & Embedded systems
EW systems & Simulators
Laser & Optical Systems

Sights for Tanks and weapons

>
>
>

>

ANANTH TECHNOLOGIES PVT LTD

AN AS-9100D & ISO 9001:2015 CERTIFIED COMPANY
Committed Partner for Indian Aerospace & Defence Programs

Contributed to 88 Satellites and
68 Launch vehicles

India’s premier private
defense and space player

In-house environmental test

facilities

Telemetry & Tracking systems
RF and Microwave systems
Sensor Systems

Navigation & Controls systems

Meeting Quality & Reliability Standards for Space & Defence programs

Dr. SUBBA RAO PAVULURI
CHAIRMAN & MANAGING DIRECTOR
Ananth Technologies Pvt Ltd., Ananth Info Park, Plot No: 39, Hitec City, Phase-Il, Madhapur,
HYDERABAD - 500 081
Phone : 040 — 6615 6615; Fax : +91-40-6615 6531
E-mail : subbarao@ananthtech.com; mail@ananthtech.com

Website: www.ananthtech.com
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Amphenol India
Connecting The World Together

2, Amphenol Ind
wn products and

Amphenal |nte nect [ndia primarily sy 1 £y, ABrOspace,
and other industrial markets

hed 1

care|

_ 105, Bhosari IndustnalArea, Pune - 411 026, India "
Amphenol Interconnect India Pvi. Ltd. Tel.. +81- 20 - GT3G0305, +31 (88200 52247 Fax _ +81 -20 - GT360321
Email - svpati@amphies _ www.amghenol-in.com
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JoJo Industries

Industrial Estate, P.B. No. 9, Ettumanoor,

Kottayam, Kerala State, Pin — 686 631
C.P. _ Jeev P Sebastian

Phone : 0481 — 2535235 | Mobile : 09387497937
Email : jojo@jojoindustries.com

Manufacturer’s of Precision Machined , Pressed & Deep Drawn Metal
components and Assemblies for Aerospace applications and
Aerospace grade fasteners like, Screws, Bolts, Nuts, Self lock Nuts
including Nyloc Nuts, Washers etc. from materials like Titanium, Inconel,
A-286, 35NCD16, etc. as per customer requirement.

ACE MULTI AXES SYSTEMS LIMITED @

Innovative machining at its best

*  CNC Milling up to 10,500mm x 4,500mm x
1500mm
e CNC Turning up to 4,500mm diameter x
2,500mm height
e Gantry CMM Inspection of size up to
5,000mm x 2,500mm x 1,800mm
*  High level assemblies
* 50 plus CNC Machines of different sizes
=  Five face Double column machines
= VMC’s
=  HMC'’s
= VTUs
= 5 Axis machining centers
* AS 9100 Rev D and ISO 9001: 2015
Certified
*  Aluminium castings:
=  Low pressure die castings
= Gravity die castings

Ace Micromoiic

Group
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{ Aircrafll Helicopter (Braking . g 5 0il & Gas
& Aero engines) . compenents) .

Defence Launch Vehicle
[Missile &Satellite Health Care
components) components

Hosur { amil Hndu

Hyland Industrial Estate, 11th lon Hosur Road, Bommanahalll, Bangalore 580 088- Karnataka, INDEA
Tel: BB0- 25731050/51, Fax | 0B0- 25733747 | Email @ amadoi@amadotod!s.con website: weww.amadotools. com

Our Vision:-

: ‘“ u = To be part of Aerospace/Defence industry in India to
I - l ‘ entact a major role in this sector by using our expertise

and technology.

Our Mission:-
To deliver high quality benchmark on demand
basis at very affordable and competent prices
within scheduled time.
BENDRA AEROSPACE PRIVATE LIMITED, SPECIALIST IN SPACE,AEROSPACE AND DEFENCE, one of the Space Electronics Manufacturing company incorporated in 2017
having AS 9100 D certified, IPC-610H Acceptability of Electronic Assemblies, Recoghised as Startup India in Aerospace ,Space technology & Defence sector,
AT 1SO 9001 : 2015 certified company based in Trivandrum,Kerala.

N 3

e BENDRA AEROSPACE PRIVATE LIMITED, Accredited by the Premier Space Agency of Government of India, ISRO

A SPECIALIST IN AEROSPACE ,SPACE & DEFENCE
P ACCREDITED BY ISRD

BENDRA AEROSPACE PRIVATE LIMITED Focuses on Design,Development of Electronic Packages, PCB Assembly, Reflow of SMT Lines along with reballing station
facilities and Re work station facilities for Ball Grid Array,Field Programmable Gate Array, Harness Preparation Integration,Testing and evaluation of all electronic
packages related to Aerospace and Defence Application. We provide Microsectioning and PCB Acceptance test which is the foremost step to
determine the quality of PCBs and standalone service provider in Kerala .

- b - __::-'.‘
Bendra Aerospace Private Limited focuses on the indigenization of electronic packages, supporting “Opportunity for Make in India in Defence” concept, espe-c.i';mor
Space and Defence applications.
BENDRA AEROSPACE’'s Empowered Team E - 'E
~ Well talented workforce
~ Well integrated team of Engineers, Technicians and workmen. -
~ Multiple domains of expertise and skills.

~ Continuous training programs to empower team to cater specific client requirements.

- Ok

Visit Us
== BENDRA AEROSPACE PRIVATE LIMITED Call Us - 0471-2505577, 2505555
R BC Y I S.P HEIGHTS,TC 84/2240(2),2nd FIOOR, 9846070804,9446093936
S.P LANE,ENCHAKKAL,VALLAKADAVU P 0, Email - bendraaerospace@gmail.com

TRIVANDRUM -695008 , KERALA, INDIA.

Website: www.bendraaerospace.com
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CINEBE PRECIWAY ENGINFEERING PYVT LT'D

I3 222  Sidoo Indastrial Esmmte | Thirvumazhisnid | Chonmnt = G 124
™o 379 /202 . Papponchathinam, € hennai - G600 123

SR FOIRTUNE ENGINEFRING CORPOIRATION
LINUT-11 Mo, & 7.8 Ellrms Mapar . Pappanchaibiramm, Chennai - GO0 123

Heavy Fabrication, Heavy Machining and
Precised CNC Machined Components,

> Hydraulic Press - 400 Tonne x 3000 mm Width.

» Various sizes of the
* Radial Drilling Machines
* CNC & Conventional Lathes.
* VMC’s
* HMC’s
*VTL’s
* HBM’s
* Milling Machines.

» 50 plus various brands in
* MIG / ARC / TIG / SAW / Robotic Welding Powersources
* Rotary Welding Positioners up to 10000 Kgs.

> We Certified
*1SO 9001:2015 (IMS),
*1SO 45001:2018(OHSAS) and ISO 14001:2015(EMS),
*1SO 3834-2 : 2021(FUSION WELDING).

GAGANYAAN MISSION
SIMULATED CREW MODULE

MADRAS SWASTIC ENGINEERS

E % mdiE@madrasswastic.com | +91 9584148474
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OUR MANUFACTURING HI-TECH PROJECTS
FACILITY BANGALORE

- o

A

» Established in the year 1997

. Manufacturers of Advanced Composite
{0 US> \iaterials

*Pianeer in manufacturing of radomes became

leader now
BﬂSKAR REDDY * Committed to provide high quality products
BUSINESS HEAD 9611936367 * 1S09001:2015/AS9100D certified company

Innovative
Solutions for
Total Manufacturing

Y

Peoples Steel Fabrics

AEROSPACE FABRICATION SOLUTIONS

Ganga Nagar, Industrial Estate, Pappanamcode, Trivandrum
Phone: +91 471 2495300, 9447344208, 9495192949
peoples.steel@gmail.com, www.peoplesteel.com

Precision CNC and Conventional Machining,
Precision & Structural Fabrication, Jig & Fixture,
Prototype Developing etc..
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S ONA zsmaier

Learning is a Celebration! E= E= A s

Programmes Offered

Vegsky o

Fusirers dvwosiviiui o

Mechanical | Mechatronics | Civil
Biomedical | Fashion Tech.| IT | CSE
| EEE|ECE| Al & Data Science |

CSE | VLS| Design | PSE | PED |
ED | ISE | SE | CEM | WC ©
IT | Data Sciene

RESEARCH

| | —
LIl

Cornne hivsithm

AWARDS
IN ONE

PLACEMENT

2504 componies yisited
nearly 95% of students +
placed in verious MMNCs,
Leading Companies & Storiups

International
fog [ o
24 e

SONA GROUP OF INSTITUTIONS, saiem
Sﬂﬂﬂﬁﬂiﬁ“&iﬂu SONAZ:%: | SON

FRBIE SOAGEL
a5 g

Highest
f Domestic CTC

12 n

Average

i" CTC
4.5 e

-

TPT Main Road (Junction),
‘Salem - 636 005. TN.

+01 4274099909 QOOQOO000
-+0] 98404 47392 www.sonatech.acin

MENICAL EOULEGE OF
HRTURDIATHY & YOED

THIAGARMIAR

FMYTECHNIC CRILEGE

SHRI VENKATESWARA HI-TECH
NMACHINERIES PRIVATE LIMITED
COIMBATORE

1ISO 9001-2015

Shri Venkateswara is an ISO 9001-2015

Contact : T.Kaalimuthu - Chairman Company equipped with heavy fabrication,
T.Ramachandran- Managing Director ining and handling faci ies. The main
T.Govindaraju - Director is to deliver quality products on

Address : SF.No. 518/1,2, Saravanampatti Main assured delivery schedule with team work.

Road, Vellakinar Post, Coimbatore
Pin: 641029, India
Tel : +91 90039 18024 to 90039 18029

The firm met all expectations of Indian Space
Programme.

Email : venkateswarahitech@gmail.com
Web : www.venkateswarahitech.com
Shri Venkateswara Entered the space science

Equipments fabrication by 1971 and from there on it is
continuously engaged and our unit had successfully
executed and commissioned many challenging
products for Indian Space Research Organization
(ISRO) in their SLV, ASLV, PSLV, GSLV projects.
Collapsible mandrels for motor case winding, PSLV- The industry received many appreciation
propellant casting mandrels, INSAT-II integration awards & certificates of merits from Indian
fixtures, INSAT-II, Horizontal Transportation & Vertical Space Research Organization (ISRO) for its
Transportation containers, GSLVv technological continued service with quality moto. And also
transportation container are some of the sophisticated manufacturing of other machineries and
items manufactured by the unit spares for Paper, Sugar, Cement and
Process Plants, etc.

« RH 560 mandrels and collapsible type fiber glass winding mandrels and moulds to S3 & S4 for
SLV project.

« Propellant casting mandrels and transport container systems for ASLV and PSLV.

« Technological transport systems, Throat entry mandrels, pressure chamber,

- payload adopter and Assembly fixtures, Ignitor casting mandrel, Vibration test fixture, Horizontal
integration fixture, Test rings, Ignitor castings fixtures etc. for GSLV project.

e Various types of Satellite integration fixtures and satellite transport container systems to INSAT
oxidizer tank, welding fixture of various type to satellite projects.

- Special Purpose Fixture , Spacecraft Transportation System, Large Manipulator and Vertical
Transportation Container
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Kerala SIDCO
Tool Room cum Training Centre

(A Government of Kerala undertaking)
Parapparakkunnu, Pantheerankavu P.0., Calicut - 673 019
Email: trtcolavanna@yahoo.in | Tel: 0495 2432555

“ We are equipped with the

following machinery in our factory:
1. CNC 5 Axis Machine

2. CNC Horizontal Machining Centre
. CNC High Speed Machining Centre
. CNC Vertical Machining Centre
CNC Turning Centre

EDM Wire Cut Machine

ZNC- Spark Erosion

. Conventional Tool Room Lathes

. Universal Milling Machines

. BFW Milling Machine

. Surface Grinder etc.

We have the state of Art Metrology Lab which includes a CMM.
Welding Facilities.

Our stores are designed for Bonded & Non-Bonded materials.
We are using Delcam software for Design and Programming.
We also handle drawings in IGS or STEP Format.

ToomNousw

All kinds of Moulds | Press Tools | Jigs | Fixtures
All kinds of Job works | CNC Machines up to 5 Axis
Wire Cut Welding | CAM Programming
Tools & Mould Designing | CMM Inspection & Training Courses

Uni-Automation

Providing POSITION SENSORS to India’s Leading
Strategic Agencies for Mission Critical Applications

LVDT Hollow Shaft Rotary Quadruplex Servo Servo/ Trim Linear
Potentiometer Potentiometer Potentiometer Potentiometer

< Pioneer Indian Manufacturer and exporter of wide range of precision rotary and linear displacement sensors
for last 35+ years.

» World class thick film conductive plastic resistance printing & precision wire winding facility for LVDTs.

« Inhouse MIL grade certification test facility available.

« Factory locations Pune & Switzerland.

Gat No. 37, Shindewadi (Shirwal), Taluka - Khandala, District - Satara 412801, Maharashtra, India. %g
Sales Enquiry - sales@uniautomation.com | upendra.shiradkar@uniautomatio.com

Contact No.: +91 9225573528/21 | Fax (+91) 20-24420890 FE
Technical Enquiry - nvm@uniautomation.com | Mob. No.: +91 9028477224 Link-Automation (13 Pyl Lid
www.uniautomation.com P -

risoE | #
2055 | d
CERTIFIED bY, !
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A RAGHAV
AEROSPACE

Manufacturing Technologies Pvt. Ltd.

COMPRG

AN ADAN) & RACHU VAML] SOINT VENTURE

A EROSPACE DEFEMNCE SPACE

ChNC PRECISION COMPOSITE
MACHININC WELDIMNC MOLDIMNCG

Comprotech Engineering Pvi. Lad. SY.No.l/1, Tmarath Kancha, Plot.No 38/B, Hardware Park, Maheshwaram Mandal,
Ravirvala Village, Ranga Reddyy, Telanaga -500 005, Email 1D infof@comprotechengineering.in
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Adhesives & Sealants

SordiprEanrS Mo eiiiho Aress

Our Products

Our Market

Since 1979...

!'_;g- 22 Anabond

Y

( @ Anabond Limited
36, Type Il, Dr. VS| Estate, Thiruvanmiyur,
Chennai 600 041 Tamil Nadu, India.

Ph. No: +91 (44) 23460041/42
E-Mail: marketing@anabond.com

Industrial Aerosals & Lubricants www.anabond.com

We Senve v G\oba\?y

[~ | KANNAN INDUSTRIES

K N _| Eravipuram, Kollam, Kerala, Pin- 691011 Phone/fax: +91-474 -2728682 2726253,
« | Mobile: +91-9447078682,  E-mail: info@kannanindustries.com, raji uhm@}'a]:m coin
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MECHANO ENGINEERING COMPANY

An 150 9001: 2015 Company

Established in 1983, with 30+ years of experience in
Fabrication & Machining heavy engineering & Precision
components for Aerospace, Defence and Power sactors.

- Built - Up area of 70,000 sgft spread across three facilities.
- 150 staff including 20 technical staff.

- 100% power backup.

- Strategic tie - ups for raw materials procurement, NOT and much more,

w
o
Q
-
Q.
®
1
o

Unit-1: No. 181, 11th Main Road, 3rd Phace,
Peenya Industrial Area, Bangalore - 560 058

Unit-2 : Plot Na,3 & 4, 4th Phase, Brindavan Alloys
Compound, Feanya Industrial Area,Bangalore-560 053
Website: www.mechir.com

Ph. :91-80-28395405 | AL156535 E-mall : marketing@mechir.com

|BESTALL

SHARP ENGINEERING SERVICES

CNC MACHINING | HEAVY & PRECISION FABRICATION | ASSEMBLIES
Bestall-Sharp Group is the one stop solution for all your Heavy , Large & medium precision CNC machining , fabrication &
assembly intergation requirements.

Agrospace Di & Gas Ganeral Engineering Steamn Torbines Gas Turbiries Hydro Turbh
= Laanch ¥ehade Riap + LG Jagte Frames * Gt forsethoreeeg -
+ Tebraitios Cones + Becgrocicng (e guizminlL = HPLLP P Casings + Turbing Casings ® Mhead (overs & Bottom rings
= Crew Madule Hardwere [ * Comyprwrds for warkine * Eebaust Casings = Exhaust Casings = Dascharge casings & blages
N !l;:"vi:s-r[w-lrl'i 0 :-up: I:mhiulﬂui ’ * Base Frames * Bave Frames ket & Stay rings
- A r Qi Lomprriacr ryivrion * Paity of sagesr simidies " - - o Thinvad
= 50 Pania B Flex plabes * alves = Lentrfagal decenbeframed erTWl&DMGﬂ o gk s g b':gm"

v Blefricd carmangel. = Disphragms & Mads carrien * Hoods & Wreppens » Stator Fraenes

= Gea components. » Cantec steam turbing casings = Liners& Ringy ® Wabve Bodies & Dhucs

Kindly contact us on +91 9545451357 or write us on info@bestallsharp.com for more information.

For updates & latest pictures of our activities click on the below LinkedIn icon or scan the QR code.

wwwi.bestalicharp.com

View my
Fead OfMics - /o Bestall Enginueiing Warks . Pict No 85, Biock OB MDGC, Chinctewnd, Pune - 411018 (Moborashtr), ndis. LinkedIn®
Pune Vioks | Shap Engineering Serviies . Dot No .02, Gut No.BY, Jyotiba Negar, Talewade. Fune - $12174 (Maharasitre). inde. v Pmﬁle
Vododers Works - Beatnd Moachining & Febrdeation Pvt Lo Piot No 734, Prinssdll, GIOC Savil Vododara « 391778 (Gajars), inda
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OTHER BUSINESS DOMAINS:

® DEFENCE
@ SECURITY SURVEILLANCE
e POYER

Edltrenihas praldly parnsred BSRE through the I-.iamq-i‘_ﬁrﬁzj'..a 5
spoce pragram;, Kight from tHg wmgeplion of Iﬁe eafly SL\’p‘ﬁﬁi"f
[raaram the suece sl 250y il GSIM launch ughicles, ml'ﬂu Msioric
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1 n-.l‘-'nELTREIN

3 q i\ i
lm -k 3
- L E — E i J | : Kienln State Elpbironics Devalopenent Corportion (il
OUR SERVICE
ELECTRONIC ASSEMBLY SMT REFLOW @ TESTING sseqkeckeitron org

150 ACCHEDITED FSRG ACCREBITED HIGH SOPHILTIEATED SRS b
ELECTRONIC ASSEMBLY CHIALITY SMT REFLOW INSTRUMENTS AND TRAINED +97-94096244528
FACILIFY FROCUETION FACILITY DECHCATED STAFF

GAGANYAAN MISSION
KRISH PRECISIONS SIMULATED CREW MODULE

Dedicated for best quality innovations

Precision Engineering & CNC Machining
CNC Multi Tasking Machine — DMG 5 axis
CNC Turn Mill - DMG MORI

CNC Bar Feeding Machine - CITIZEN

Heavy Fabrication in Stainless steel,
Aluminium, 15CDV6, M250, Titanium

KRISH PRECISIONS

NO0.2/217C, Narayanampalayam, Morur (P0O),
Karuveppampatti, Namakkal (Dist),
Thiruchengode-637304

TamilNadu

Contact: +9198427-52678, +91 99429-14646
Email: vishakarmani@gmail.com
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With best complements from

Hi-Rel Fabs

TC.NO.7/1183(3) Koottamvila - 270
Vattiyoorkavu. P.O, Thiruvananthapuram-695013

Tele: 04712363556/Mob:09447183211
Email: info@hirelfabs.in Web: www.hirelfabs.com

VSSC approved vendor for:

PCB wiring, Assembly and Integration
Harnessing and Cable Preparation
Screening/Lot Acceptance Tests (LAT)
Environmental tests
Quality Control and Quality Assurance Services
Test and Evaluation of Avionics Hardware

/WICRONEL

GLOBAL ENGINEERS

T: +91.80.41605685
Fax: 91.80.41669115
www.micronel.net

sco@micronel.net

e International Class Equipment e
e Superior Aerospace Products e
e Multitech Engineering Projects e
The Home of Desi Engineers!

i : N o t e C e Development and Deployment of Small Aircraft
e Stealth Technology
a._q . . e ElectroMagnetic Simulation
Dlgltal Englneel‘lng PVt Ltd e CAE Services and Solution for Aerospace and Automotive
T: +91.80 4160 5685/ 4166 9115 Small Aircraft and Advanced Software Company
.nfotecindia.com
Fax: +91.80. 4284 5201 E—

ss@nfotecindia.com / gfd@nfotecindia.com

“ MAKE IN INDIA “
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SERVOCONTROLS Aerospace (I) Pvt. Ltd. is one of the few
Indian companies which has the capability with respect to Men,
Machine, Technology and Finance to offer for Aerospace Industries.

SERVOCONTROLS Aerospace (I)

‘

Servocontrols has setup a 100% EOU brand new facility of 60000
Sq Ft in 14 acers of land, for Aerospace and defense systems,
sub systems, Electromechanical systems, Electrohydraulic systems,
servo valves, actuators, solenoid valves, manifold block systems,
test rigs and ultra-precision machined parts for various
applications.

We are a AS9100 Rev-D certified company backed by an| |
unparalleled reputation for quality and extensive field experience.
Servocontrols has the right combination of proven  system||
architecture and high tech innovation that will make it a leading
company in the field of Aerospace requirements and cater to
Indian customers and international customers (Israeli customers
like Israel Aerospace Industries (IAI), Rafael advanced Defense
systems etc.).

In-house Facilities
¢ Design Engineering & Made to Print
Servocontrols has the capability to design as per the specifications

and made to print products and systems, the Software’s used are
UG, CADCAM, SOLIDWORKS and AUTOCAD.

e Manufacturing

Machine Shop is equipped with 5- Axis, 4- Axis, 3- Axis CNC's
with milling capability, Milling, Turning, EDM, Ultra precision]| §
Grinding, Honing, Laser Welding which requires extremely closed
tolerances with very complex part designing on wide range of raw
materials like Aluminum Alloys, Stainless Steel  Alloys, Titanium
Alloys, Inconel and special Alloys.

¢ Inspection, Final Assembly & Testing

Electrohydraulic and Electromechanical systems and sub systems,
sub assemblies and complete assembly testing with jet fuels,
Kerosene, Red Oil, MIL5606 in cleanroom and using Laminar
Tables and variety of test rigs.

¢ Quality Control

As per AS9100 rev D established quality standards QMS with | St
continuous improvements with respect to our products and
processes.

Address: Contact: Dinesh Dhadute

SERVOCONTROLS Aerospace (I) Pvt. Ltd. Cell: 9845109022
Sy. No. 683, Industrial Estate, Udyambag, Belgaum—590008. E-mail: dinesh@servocontrolsindia.com

Tel:+91-831-2407501/2/3/ 2481734/4201132

Website: www.servocontrolsindia.com E-mail: dinesh@servocontrolsindia.com
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www.dabir.in

Dahir Precitech Put. Ltd. same Yok

Manufacturer of Investment Casting

We Serve : - W . m gp.l‘l
Orthopedic Implants )

Pump and Valve Industries
Defence

Crimping Tools

Switch Gears

General Engineering Components

Manufacturer of
Precision Machined Components

We Serve :

= Petrochemical Industries
= Aero Space

= Defence

= Pharmaceutical

= General Engineering

Dabir Industries Dabir Precitech Pvt. Ltd.

Thane : 11, Parag Estate, Upvan, Pokhran Road No. 1. Ambernath : F-60, Engineering Zone,

Thane (West) - 400606, Maharashtra (India) Additional Ambernath MIDC Area, Ambernath (E),
Telephone : +91 (22) 2588 8691 | 2585 5996 Thane - 421506, Maharashtra (India)

Fax : +91 (22) 2588 4594 Mobile : 98670 11744 / 46 Mobile : 91374 78226 1 98929 68290

E-mail : dabir.ind@gmail.com 1 dabirtools@gmail.com E-mail : dabir.precitech@gmail.com
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] " With best compliments from pre—

HARIKRISHNA INDUSTRIES

Engineering Manufacturer & Govt. Contractors

TC. 21/582 (1), Keezharannoor, Karamana PO,
Thiruvananthapuram - 695 02
MOB : 9387776361, 9633623881 | PH : 0471 2349841
Email : harikrishna.industries@yahoo.com

Branch : CNC CENTRE - 37/77, 7th Street, Ganapathypudur, Coimbatore - 641006

L www.mmtkollam.com GST No: 32ABIFMO002F173

MICROMECH MACHINE
TOOLINGS

@rmlnlau Solution For Precision animu'ng
KUZHIYAM, CHANDANATHOPE.P.O,
KOLLAM, KERALA, INDIA. 691014

Our Facilities : » CNC LATHE
= CNC MILLING
= CONVENTIONAL LATHE
= CONVENTIONAL MILLING
= Q.C LAB

1 mmtkollam@gmail.com
€3 +91 9895849368, 7558888817 micromech@mmtkollam.com
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Amphenol India
Connecting The World Together

Amphenol Interconnect India Pvt. Ltd. established in QUALIFICATION & APPROVAL
1972,manufactures high performance  connectors and Quality System Customers Approvals  Product Certification
interconnect products, cable assemblies and integrated 1SO 9001-2008 BrahMos MIL-STD-38999
solutions for Military / Aerospace, Industrial and MIL-STD-790 ISRO MIL-STD-24308
Telecom markets. AS 9100 Rev C LCSO MIL-STD-26482
. IRIS C-DOT MIL-STD-55181
CEMILAC CACT MIL-STD-55116
BEL MIL-STD-22992
ICF MIL-STD-24308
HAL VG 95234
SAE 85049
SAE 39029
SAE ITC UK-Backshell and
Bushes for Rolls Royce
UL- Underwater Laboratories

Amphenol Interconnect India Pvt. Ltd.

105, Bhosari Industrial Area, Pune - 411 026, India

Tel. : +91- 20 - 67360305. +91 (98230) 52247 Fax : +91 - 20 - 67360321 www.amphenol-in.com
Email : svpatil@amphenol-in.com
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