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M E S S A G E
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.
I 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.
I wish the Conference a grand success.

Dr. Pawan Kumar Goenka
Chairperson designate, IN-SPACe
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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 anInternational
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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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.

भारतीयअंतररक्षअनुसंधानसंगठन/ Indian Space Research Organisation
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PLMSS
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 8th International Conference on Product Life Cycle,
Modelling, Simulation and Synthesis (PLMSS-2021) and the PreConference with the Theme “Product Life Cycle – Space System
Perspective”, jointly with Indian Institute of Space Science and
Technology (IIST) in Thiruvananthapuram from Dec. 16th to 18th ,
2021. VSSC is 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, IISc 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, I 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.

Dr. R K Ramanathan
Hon. Secretary, PLMSS Trust

P R E FA C E

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, AI & 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

V

ikram Sarabhai Space Centre (VSSC) and Indian Institute
of Space Science and Technology (IIST) is jointly hosting
the 8th International Conference on Product Lifecycle Modelling,
Simulation and Synthesis (PLMSS - 2021) in collaboration with
PLMSS Trust during 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.
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about VSSC

V

ikram 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
is named in the fond memory of Dr Vikram 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.
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about IIST

I

ndian 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. IIST 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.
IIST 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.
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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/
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inauguration
1 7 TH D E C E M B E R 2 0 2 1
9.30 – 9.35

Invocation

9.35 – 9.40

Welcome Address

		
		

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

10.10 – 10.15

Release of Souvenir

Dr. V. Narayanan

		

Shri Mohan. M

Chairman, ISRO/Secretary DDS

		

Director, LPSC

10.15 – 10.30
Felicitations
		

Dr. V. Narayanan
Director, LPSC

Prof. Gurumoorthy. B
		

Co-Chair, PLMSS Trust

		

Dr. D. Sam Dayala Dev

10.30 – 11.00
Keynote Address
		

Dr. Tessy Thomas

		

		

11.00 – 11.05
Vote of Thanks
		
		

Director, IISU

Director General, Aeronautical Systems,
DRDO

Shri. Victor Joseph. T
Group Director, PPEG
Organising Secretary, PLMSS-2021
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DAY

17TH DECEMBER 2021, FRIDAY

1

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

14:00-17:15

Audi - 1

Audi - 2

Audi - 3

Session CP-1

Session CP-2

Session TB-1

Materials & Manufacturing Process
Development & Simulation

Space System Design

SESSION CHAIR:

SESSION CHAIR:

Shri. Saratchandran S, Former

Prof. Kurien Issac K

Dy. Director, VSSC

Sr. Professor & Dean, IIST

SESSION CHAIR:

Prof. Sivashanmugam
NIT, Trichy

RAPPORTEUR:

RAPPORTEUR:

RAPPORTEUR:

Smt. Nagapriya S, VSSC

Shri. Viswanath V, LPSC

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
DAY

18TH DECEMBER 2021, SATURDAY

2

10:30-13:20

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

Audi - 1
Session CP-3

Audi - 2
Session CP-4

Additive Manufacturing

PLM Aerospace & Aircraftapplication

SESSION CHAIR:

SESSION CHAIR:

Shri. Roy M Cherian, Former
Associate Director, VSSC

Dr. Reena Sharma

Former Proj. Director, CABS, DRDO

Shri. Suresh MS

Associate Director, LPSC

RAPPORTEUR:

RAPPORTEUR:

RAPPORTEUR:

Shri. A.E.Perumal, VSSC

Smt. Pooja Dutt, VSSC

Session CP-5

Session CP-6

Aerodynamic Mission design,
modeling & simulation

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

SESSION CHAIR:

SESSION CHAIR:

Shri. Sowmianarayanan

Associate Project Director,
Space Transportation System,
VSSC
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SESSION CHAIR:

Shri. Sandeep Verma, VSSC

13:30-15:15

16:00-17:10

Audi - 3
Session TB-2

Shri. Alex A

Dy. Director, LPSC

RAPPORTEUR:

RAPPORTEUR:

Dr. Desikan SLN, VSSC

Shri. Mankatiya Vittal Naik,

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

Topic : Product Life Cycle - Space System
Perspective
PANELISTS :

Dr. Sam Dayala Dev,
Director, IISU

Dr. Rajalakshmi Menon,
DRDO

Dr. Ramanathan RK,

PLMSS Trust

16:15 -17:00

Panel discussion

Dr. V Ashok,
VSSC

Shri. BH Laxmesh,
L&T

Dr. Sunil Kumar S,
LPSC

Shri. M K Mishra,

HAL

MODERATOR:

Dr. SVS Narayana Murty,

LPSC

17:00-17:05

Announcement of
Prizes

17:05-17:10

Vote of thanks

Mr. P S Subramanyam,

Former Director and PGD (CA), ADA
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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
Marketing Director, Mathworks

A & D Industry Global Market Leader
Dassault Systems
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Conference Presentations

SESSION: CP-1

MATERIALS & MANUFACTURING PROCESS DEVELOPMENT & SIMULATIONS
PAPER
NO

TOPIC

AUTHORS

CP1-1

Fatigue Tests under Simulated Autofrettage and Proof
Pressure Cycles for Commercially Pure Titanium (CP-70)
in Forged and Annealed Dome

Manikandan P, Sudrashana Rao G,Muthuraju
N, Pravin Muneshwar, A Venugopal, VMJ
Sharma, D Sivakumar, Ramesh Narayanan P,
Mohan M

CP1-2

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

CP1-3

Serrated plastic deformation and multi-necking
behaviour of 16Cr-6Ni Austenitic-Martensitic stainless
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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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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 stretchformed and deep-drawn cups of Cu-Cr-Zr-Ti alloy thin sheet
Dibya Ranjan Behera
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IIT Kharagpur, Kharagpur-721302, India
ranjan123dibya@gmail.com

Sushanta Kumar Panda

Department of Mechanical Engineering
IIT Kharagpur, Kharagpur-721302,India
sushanta.panda@mech.iitkgp.ac.in

K. Thomas Tharian
Liquid Propulsion Systems Centre Valiamala,
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k_thomastharian@lpsc.gov.in

Sujoy Kumar Kar

Department of Metallurgical and
Materials Engineering, IIT Kharagpur,
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S.V.S. Narayana Murty

Liquid Propulsion Systems Centre Valiamala,
ISRO, Thiruvananthapuram-695547, India
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Abstract— In the present study, the strain distribution profiles were determined by deforming the Cu-CrZr-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 μm 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 16Cr6Ni Austenitic-Martensitic stainless steel at 20K
T. Antony Prabhu1, SVS. Narayana Murty2, N. Murugesan1 and D. P. Sudhakar1
ISRO Propulsion Complex, Mahendragiri, India
Liquid Propulsion Systems Centre, Valiamala, India
1

2

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
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Sector Weld Repair Study on Ti6Al4V alloy in EBW for COPV
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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 R0 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*1, Ananthan A1, Harsh Kumar1, Sriranga T.S.1, Poomani D1
Engineers, URSC Satellite Centre, Bengaluru, India
* Corresponding author’s email: kharidas@ursc.gov.in
1

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 faroff 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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Abstract—Resistance Spot
Welding
(RSW)
has grown
in
welding
applications.
Sheet
is incredibly
significant
and
Abstract—Resistance
Spot
Welding
(RSW)
has grown
in popularity
as one
ofmetal
the most
efficient
methods
popularity as one of the most efficient methods for sheet metal
lucrative in today's building, manufacturing, and construction
for sheet
metalseveral
joining.
It offersranging
severalfrom
advantages,
from high
adaptability
of automation
joining.
It offers
advantages,
high speedranging
industries.
Sheet speed
metal isand
utilised
in many sectors,
including
and
of automationlarge-scale
and thereby facilitating
largeandadaptability
thereby facilitating
production.
Among
the
numerous
fields
in
which
RSW
findstools,
its
automobile production, aviation components,
scale production. Among the numerous fields in which RSW
agriculture,
mining,
catering,
shipping,
medical,
electronic
application,
the automobile
industry,
aerospace
industry and the marine industry are some of them where
finds
its application,
the automobile
industry,
aerospace
equipment, and construction. Tumuluru et al. [3] with the
industry
and theismarine
industryused.
are some
of them
where
the
the method
extensively
These
are the
domains
where mass
optimization
becomes
vital.
This will
Government
introducing
stringent
rules and
regulations
for
method is extensively used. These are the domains where mass
assured
safety
and quality,
the automobile
industry
has started
be
accomplished
in
general
through
the
proper
selection
of
materials,
design
optimization,
fabrication
optimization becomes vital. This will be accomplished in general
using joints
high strength
sheetsinfor
the purpose of
manufacture,
processthe
optimization
and
on. Efficient
designing of RSW
would help
considerable
reduction
on
through
proper selection
of so
materials,
design optimization,
with it being a constituent comprising of over 40% of the
fabrication
process
optimization
and
so
on.
Efficient
designing
structure mass without sacrificing the strength and rigidity
requirements.
This
project
work
mainly
focused
entire vehicle body. For sheet metal assemblies, two welding
of RSW joints would help in considerable reduction on structure
subgroups
out: resistance
spot welding
(RSW)and
and
on mechanical
property
analysis
of resistance
spot welded
lap stand
joint through
experimental
method
mass
without sacrificing
the strength
and rigidity
requirements.
friction stir welding (FSW). This project focuses on
This
project
work
mainly
focused
on
mechanical
property
compares the test results with mathematic model generated
through the software MSC Apex SP1. Here,
Resistance Spot Welding technique. In RSW, the heat created
analysis of resistance spot welded lap joint through
Finite
Element
Analysis
of
the
designed
software
model
is
done
with
theflow
helpofof
the software
Simufact.
by
the
resistance
to the
electric
current joins
the metal
experimental method and compares the test results with
sheets
that
are
held
together
under
pressure
in
an
overlapping
mathematic
model
generated
through
the
software
MSC
Apex
weld.6.0. and joint strength simulation is performed. On future aspects, it aims for design of resistance spot
manner by electrodes in one or more areas. The resistance to
SP1. Here, Finite Element Analysis of the designed software
weld isjoints
strength and
optimize
its stiffness.
current
flow determines
the heating required to generate the
model
done for
withimproved
the help of hardware
the softwareassembly
Simufact.weld.6.0.
and joint strength simulation is performed. On future aspects, it
welding tip in resistance spot welding (RSW). RSW technique
aims for design of resistance spot weld joints for improved
is applicable to various materials including carbon steel,
hardware
assembly
strength and
optimize
its stiffness.
stainless
steel, aluminium
as well itsDesign
alloys. High
strength low
Keywords—
Resistance
Spot
Welding,
Sheet Metal Joining,
Mechanical
properties,
Optimization,

Finite
Element
Analysis.
Keywords—
Resistance
Spot

Welding, Sheet Metal Joining,
Mechanical properties, Design Optimization, Finite Element
Analysis.

I.

INTRODUCTION

alloy steels, stainless steel, nickel, titanium and copper alloys
are also spot weld commercially. In terms of sheet metal
joining, RSW offers greater versatility for hard-to-reach
joining. RSW's fast speed and adaptability for automation and
big volume manufacturing are two more advantages that make
it an excellent choice. Despite of all these advantages,
inconsistency in the weld still remains as an issue in RSW.
This might have an impact on automation and jeopardise weld
quality. Due to the same reason, ensuring weld quality
becomes an inevitable factor. The quality of an RSW weld can
be assessed by three ways which include physical weld
attributes, mechanical properties and the failure modes.
Among these the analysis of the mechanical properties was
chosen to access the quality of the weld specimen. This was
done by destructive testing as well as the software-based
analysis of the specimen. On future aspects, the findings of
this project may be able to provide a leverage in terms of
designing spot weld joints that help to achieve improved
assembly as well as aid optimization during fabrication.

Cornu et al. [2] welding, the fabrication process of joining
materials, existed in its rudimentary form 4000 years back. In
ancient times, the Egyptians were the first to perfect the
process of combining two or more parts by the application
temperature or pressure. Until the nineteenth century, these
procedures persisted in their most elementary forms. Since the
second part of the nineteenth century, the process has evolved
into the present form through several stages owing to
technological improvement and ongoing increasing
refinement. Resistance welding, arc welding, friction welding,
electron beam welding, and laser welding are the most
common welding processes. Bond et al. [1] these are further
divided into many categories, with each technique having its
own set of applications. Choosing the optimum manufacturing
technique for a certain product, as well as optimising the
II. RESEARCH METHODOLOGY
design for manufacture and assembly, are all acts that have a
A. Resistance Spot Welding of the Specimen
direct influence on cost and quality. Finding a perfect fit
Commercial 15CDV6 chromium-vanadium alloy was
between the type of material used and a fabrication technique
employed in this research.
that meets
the specifications&must
be chosen
early
on in the
SOUVENIR
BOOK
OF
ABSTRACTS
design process. Sheet metal joining is one of the most essential
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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.

•

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
Space
Centre
(VSSC)
is is establishing
The fabrication
activities
the shell
involved
Abstract—
VikramSarabhai
Sarabhai
Space
Centre
(VSSC)
a Trisonic
WindforTunnel
(TWT)
at
establishing a Trisonic Wind Tunnel (TWT) at TERLS,
procurement of raw material plates, rolling, longitudinal seam
TERLS,
Thiruvananthapuram.
The
TWT
is
a
blowdown
type
wind
tunnel
capable
of
achieving
a
wide
Thiruvananthapuram. The TWT is a blowdown type wind
welding to form segments, joining segments by longitudinal
tunnel
capable
of achieving
a wide
range
of Mach numbers
and at wide
range
of Mach
numbers
and
stagnation
pressures
of attitudes
of the
models.metal
The air
seam range
welding.
Combination
of shielded
arc used
welding
stagnation
pressuresisatcompressed
wide range ofand
attitudes
thea models.
arcblowdown,
welding was used
employed.
for blowdown
storedof at
pressure of(SMAW)
20 bar and
(a).submerged
During the
pressure
in the
The air used for blowdown is compressed and stored at a
storage
In order
to maintain
the inmass
and stagnation
theisblowdown,
A meticulous
quality pressure
assurance of
plan
followed forathe
pressure
of tanks
20 bar drops.
(a). During
the blowdown,
pressure
the flow rate
pressure
valveto(PRV)
is the
provided
upstream
of
the settling
chamber.
The PRV
provides
fabrication
activities.
Quality
is assured
by variable
multi-level
storage
tanksregulating
drops. In order
maintain
mass flow
rate
in various
stages
of fabrication
material,
andarea
stagnation
pressure ofbased
the on
blowdown,
pressurefrominspection
during blowdown
pressure afeedback
the settling
chamber
to regulate
massviz.,
flowraw
into
the
welding, NDTs, heat treatment, testing, machining and
regulating valve (PRV) is provided upstream of the settling
tunnel.
It
is
also
designed
for
quickly
filling
the
settling
chamber
at
the
start
of
blowdown
to
increase
the
assembly. All the butt-weld joints are fully (100%)
chamber. The PRV provides variable area during blowdown
runon
time
of the feedback
tunnel. from the settling chamber to
radiographed. In case radiography is not possible in the
based
pressure
pressure bearing welds, ultrasonic examination (UT) is
regulate mass flow into the tunnel. It is also designed for
Perforated holes (cage) are provided within the PRV
and a sleeve progressively opens during the
performed. Die penetrant test (DPT) or Magnetic particle
quickly filling the settling chamber at the start of blowdown to
blowdown
to maintain
the constant mass flow in theexamination
tunnel. The
valve
stroke to
versus
opening
is also
performed
detect the
surface
defects.area
increase
the run time
of the tunnel.

is designed to cater entire range of mass flow and pressure of the tunnel operating envelop. A 1:10
Perforated holes (cage) are provided within the PRV and a
scale
model of the PRV is fabricated and tested at National Research Council,
Canada (NRC). 3 nos.
I. INTRODUCTION
sleeve progressively opens during the blowdown to maintain
perforated
cageinwith
different
hole stroke
orientation
and theWind
best Tunnel
case is isselected
meets
theof
constant
mass flow
the tunnel.
The valve
versus are tested
The Trisonic
designedwhich
to operate
from
thethe
opening
is designed
to cater requirements
entire range of mass
massarea
flow
and pressure
andflow
noise spectrum.
Mach 0.2 to Mach 4.0. A maximum stagnation pressure
and pressure of the tunnel operating envelop. A 1:10 scale
operate fabrication
the tunnel is 10
bartesting
(a). A state
of art
ASME
and Pressure
Vessel
CodeResearch
is followedenvisaged
for thetodesign,
and
of the
model
of theBoiler
PRV is fabricated
and tested
at National
low noise PRV is designed to carry out acoustic
Council,
Canada
(NRC).
of The
perforated
with using calculations are per Section VIII, Division 1
pressure
bearing
parts3 ofnos.
PRV.
PRV iscage
designed
measurements on the wind tunnel models in the Trisonic
different
hole and
orientation
are tested
and theis best
case out
is for the PRV parts as per Section VIII, Division 2 of
of BPVC
finite element
analysis
carried
Wind Tunnel.
selected which meets the mass flow and pressure requirements
PRV is fabricated using welding qualified as per Section
Non-Destructive
Examination
andBPVC.
noise spectrum.
As shownIX
in and
Figure
1, the air from the storage
tank enters
(NDE) as per Section V of BPVC. SA 516 Grade 70into
is used
for
the
pressure
bearing
cylindrical
andthe
the PRV and flows radially outwards through
ASME Boiler
and Pressure
followed for parts
the
exposed
holesviz.,
of the
cagecage
and fills
annular
conical
portions
of theVessel
PRV.Code
Theisfunctional
of
the PRV
theperforated
perforated
and the
sliding
design, fabrication and testing of the pressure bearing parts of
region and goes to settling chamber positioned downstream
sleeve
are made
of stainless
steel of grade
PRV.
The PRV
is designed
using calculations
are per50.
Section
of the PRV. The stroke of the PRV is 1000 mm.
VIII,
Division
1 of BPVC
and finite
analysis
is carried
The
fabrication
activities
forelement
the shell
involved
procurement
of rawoperated
material
plates,system
rolling,
longitudinal
Hydraulically
actuation
is provided
to move
out for the PRV parts as per Section VIII, Division 2 of BPVC.
the
stem
of
PRV
and
controls
the
opening
area
of the PRV
seam
weldingusing
to form
segments,
segments
by longitudinal seam welding. Combination
of to
PRV
is fabricated
welding
qualified asjoining
per Section
IX
maintain
constant
pressure
in
the
settling
chamber.
metal Examination
arc welding(NDE)
(SMAW)
submerged
arc welding was used employed. A meticulous
andshielded
Non-Destructive
as perand
Section
V of
BPVC.
SA 516
Grade 70plan
is used
for the pressure
inlet airline
is 2000ismm
in diameter
the outlet is
quality
assurance
is followed
for thebearing
fabricationThe
activities.
Quality
assured
by and
multi-level
cylindrical and conical portions of the PRV. The functional
2200
mm
in
diameter.
The
outer
shell
has
a
diameter
of 2900
inspection
various
stagescage
of fabrication
viz.,areraw material, welding, NDTs, heat treatment, testing,
parts
of the PRVin
viz.,
the perforated
and sliding sleeve
mm, 36 mm thickness and is made of SA 516 Grade 70.
machining
assembly.
made
of stainless and
steel of
grade 50. 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, 0.6%Cr,
made 0.04%Zr
out of a high-conductivity
[4]. Various Cu
Abstract—
Cu-Cr-Zr-Ti
(CRZT)
alloy containing
and 0.04%Ti iscopper
used alloy
for combustion
0.04%Zr and 0.04%Ti is used for combustion chamber of
alloy systems including Cu-Ag, Cu-Ag-Zr, Cu-Zr, Cu-Cr-Nb
chamber
of cryogenic
rocket
engines,
where the
temperature
is as high as 3000K This alloy is age
cryogenic
rocket
engines, where
the flame
temperature
is asflameand
Cu-Cr have been discussed for similar applications
hardenable
and
possesses
high
strength,
good
corrosion
resistance,
and
thermal
conductivity.
The Cr
high as 3000K. This alloy is age hardenable and possesses high
elsewhere [1-2, 5-6]. high
Cu-Cr
alloys containing
0.5-1.0%
strength,
good
corrosion
resistance,
and
high
thermal
strength of fully aged CRZT alloy is nearly twice that of
copper.hardenable
Regenerative
that by
arepure
precipitation
type cooling
which arerequires
strengthened
conductivity. The strength of fully aged CRZT alloy is nearly
elemental
Crcoolant
precipitates
[7-8]. channels
Precipitation
hardening
for
the
combustion
chamber
is
a
double-walled
construction
with
passage
in
between,
twice that of pure copper. Regenerative cooling requires that
this alloy
consists of of
solution
treatmentchamber,
near 990°CCRZT
for 10-20
fabricated
from
shells
joined
by
vacuum
brazing.
During
fabrication
combustion
the combustion chamber is a double-walled construction with
minutes followed by water quenching, and aging near 460coolant
channels
fabricated
fromstainless
shells
alloypassage
is brazed
with inTibetween,
stabilized
austenitic
steel.
alloy
is processed
through
induction
600°CCRZT
for about
3 hours
[9-10]. The
alloy used
in present
joined
by vacuum
brazing.
fabrication of combustion
melting
followed
byDuring
thermo-mechanical
processingstudy
to realize
plates
of required
thickness.
These
is
modified
by
additions
of
Zr
and
Ti
and
possesses
chamber, CRZT alloy is brazed with Ti stabilized austenitic
very
good
thermal
conductivity
comparable
to
binary
Cu-Cr
plates
are
multi-stage
deep
drawn
for
forming
the
convergent
and
divergent
sections
of
combustion
stainless steel. CRZT alloy is processed through induction
alloy
[2,7,9-10].
melting
followed
by intermittent
thermo-mechanical
processing
realize
chamber
with
annealing
andtoare
vacuum brazed at high temperature. In view of the large
plates
of required
thickness.
These
plates are
deephigh temperature
In recent times,
Cu-Cr-Zr-Ti
alloy hasoperation,
been developed
strains
involved
during
forming
andmulti-stage
subsequent
exposure
to brazing
the as
drawn for forming the convergent and divergent sections of
a
possible
candidate
material
for
the
inner
microstructures
theintermittent
initial material
andand
finalare
product are entirely different. Further, the combustion
combustion
chamber of
with
annealing
wall of a double-walled and re-generatively cooled
chamber
during
flight
undergoes
rapidofheating
and iscombustion
maintainedchamber
at the designed
temperature
for the
vacuum
brazed
at high
temperature.
In view
the large
of
the
cryogenic
rocket
strains
during
forming
and subsequent
entireinvolved
duration
of engine
operation.
In orderhigh
to establish
the
design
margins
on
the
strength
the be
engines and has been studied [3, 11-13]. The alloy of
should
temperature
exposure
to
brazing
operation,
material during
engine
operation
subjected
totherapidused
heating
in the
final vacuum
brazed
in peakconditions
aged condition
to achieve
the best combination
microstructures of the initial material and final product are
of
strength
and
conductivity.
However,
realization
of to
final
condition,
it
is
essential
to
simulate
the
transient
thermal
profile
on
tensile
specimens
subjected
entirely different. Further, the combustion chamber during
component
involves different
stages of forming,
intermediate
flight
undergoes
rapid heating
and The
is maintained
at the
brazing
heat treatment
cycle.
present work
compares
the indigenous
and imported
CRZT with
the
heat treatment, machining and brazing operation, which limit
designed temperature for the entire duration of engine
indigenous CRZT meeting all materials specifications,
manufacturing
and
application
requirements
the usage
of the alloy in
peak
aged condition.
During engine
operation. In order to establish the design margins on the
of
this
alloy
in
the
extreme
thermal
conditions
involved
in
cryogenic
rocket
engine
operation.
operation,
strength
of
CRZT
alloy
is
increased.
Forming of
strength of the material during engine operation subjected to
plates are performed in over aged condition (heat treated to
rapid heating conditions in the final vacuum brazed condition,
750°C-20mins) [12], where fine grain is achieved. Figure
it is essential to simulate the transient thermal profile on tensile
specimens
subjected
to brazing alloy,
heat treatment
cycle. The
1(a)cryogenic
shows a photograph
of cryogenic
engine. Convergent
Keywords—
Cu-Cr-Zr-Ti
age hardening,
brazing,
engine, thermal
simulation
present work compares the indigenous and imported CRZT
section of inner wall having helical channels is shown in
with the indigenous CRZT meeting all materials specifications,
Figure 1(b). Figure 1(c) shows divergent section before
manufacturing and application requirements of this alloy in
channel milling.
the extreme thermal conditions involved in cryogenic rocket
In the present study, the effect brazing thermal cycle and
engine operation.
Keywords— Cu-Cr-Zr-Ti alloy, age hardening, brazing,
cryogenic engine, thermal simulation

I.

INTRODUCTION

In high-temperature, high-pressure environments of
present day’s rocket engines, the combustion chamber hotgas wall must be fabricated from a high thermal conductivity
material and must be actively cooled with a propellant [1–3].
The combustion chambers of the cryogenic and semicryogenic engines used in the satellite launch vehicles are

cryogenic engine transient thermal conditions on indigenous
and imported CRZT alloys is evaluated. Mechanical property
evaluation at 582°C was also carried out, which is the
maximum operating temperature experienced by inner wall
of a cryogenic engine. Simulation of transient thermal profile
representing cryogenic engine operation like heating rate,
holding at maximum operating temperature and mechanical
testing have been conducted in a thermo-mechanical
simulator (TMS). Microstructural changes of CRZT under
different conditions have been evaluated through optical
microscopy, scanning electron microscope fitted with energy
dispersive spectroscopy as well as electron back-scatter
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Abstract— Lightweight composite overwrapped pressure
and mechanical properties of weldment were described. A
vessel is essential in aerospace applications because of their high
comprehensive research works related to the fabrication of
strength and stiffness
weight ratios.
The particular
work mainly pressure
liner for
aerospace
application
AA6061-T6
is sparse.
Abstract—
Lightweight
composite
overwrapped
vessel
is essential
in with
aerospace
applications
focuses on developing an aluminium alloy (AA) 6061-T6
Hence, an attempt is made in current study to develop a
because
of their
high strength
stiffness
weightpressure
ratios. vessel
The particular
work mainly focuses on
pressure vessel
liner intended
for its use inand
launch
vehicles. The
liner using a novel design and fabrication
present
approach
deals
with
the
development
of
punch
and
die
developing an aluminium alloy (AA) 6061-T6 pressure
vessel
for itswastage
use in
approach,
whichliner
helps intended
to reduce material
andlaunch
cost.
forming system, which can be repeatedly used to draw the sheet
vehicles.
The
present
approach
deals
with
the
development
of
punch
and
die
forming
system,
which
II. Materials and experiments
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profile and weld it using the EBW process. The minimum wall
thickness of the liner was in the range of 1.45 - 7.6 mm
thickness [9], and this was incurring huge loss in terms of
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I. INTRODUCTION
deals with the development of punch and die, which can be
repeatedly used to draw the sheet metal by forming process,
Pressure vessels are required to contain liquids or gases at
and develop hemispherical dome. An end boss is
high pressure. In the aerospace industry, particularly for
manufactured via machining route, and parts are assembled
launch vehicles and satellites to achieve weight reduction,
using the CMT welding process, thereby reducing the material
composite overwrapped pressure vessels (COPV) are
wastage, cost of various process involved, and lead time.
employed [1]. The Type-3 pressure vessel (metallic liner fully
Therefore, AA6061 material having a 3 mm thickness is
overwrapped with composite) consists of a metal liner mainly
utilized for fabricating the liner by deep drawing process, then
required to act as a permeation barrier and prevent leakage of
heat treated to T6 condition, and ER 4043 is used for CMT
gas [2]. Materials having less density and high strength are
welding.
preferred for fabricating aerospace structural components as it
helps in increasing the payload capacity of launch vehicles [3].
A. Development of liner and end boss
Titanium, aluminium, and steel satisfy the needs and
Optimum blank diameter was calculated as 740 mm for
requirements of aerospace quality metal liners where high
desired profile and depth of forming. Using water jet cutting
structural efficiency is desired. Due to higher density of steel,
process, AA6061 sheet is cut into shape of circular blank. The
the preferred choice of material is titanium and aluminum
blank is then taken for forming using a 400 ton BEMKO
alloys [4]. However, the fabrication of titanium parts results
hydraulic press. The die and punch is aligned and set in the
in poor material yield, high lead time, high forging and
press and the blank holder is kept on the die cushion pillars.
machining costs [5]. Therefore to reduce the comprehensive
Procedure for forming is as follows: Circular blank is placed
cost, aluminium is a highly preferred material for fabricating
between the blank holder and die. Lubriplate 1242, NLGIliner. Lee et al. [6] fabricated the spherical pressure vessel
Grade 2 (Lithium polymer type, non-corrosive, heat and
using two manufacturing processes. First is using spin
extreme pressure absorbing lubricant) is applied on blank,
forming to develop the Ti–15V–3Al–3Cr–3Sn hemispheres
blank holder, and die. The punch starts to make contact with
and joined using tungsten inert gas welding. Second method
the blank, and because of application of force, the material
is blow forming to develop Ti–6Al–4V liner and joined using
starts to flow and form the shape of punch. Subsequent to
the solid-state diffusion bonding process. Balch et al. [7]
forming, the formed domes were subjected to solution heat
fabricated an AA2219 pressure vessel utilizing the electron
treatment at 535°C, for 40 minutes, and quenched in water
beam welding (EBW) process and was qualified after clearing
with a quench delay of 15 seconds. At this stage, the material
the proof and leak testing. Pramod et al. [8] reported a study
will be in soft state, and the dome are immediately taken for
on CMTSOUVENIR
welding of 3.5 mm&
thick
AA6061-T6
After
BOOK
OFmaterial.
ABSTRACTS
form correction process using the same die and punch setup
achieving a defect free weld, an insight into the metallurgical
Keywords— AA6061-T6, CMT welding, high pressure
forming, mechanical properties, pressure vessel liner.

80

CP

1-11

Structural integrity assessments of Ni-Cr-Mo-V
Steel of Ni-Cr-Mo-V Steel
Structural integrity assessments

Satyaprakash Mishra
Department of Mechanical Engineering
Indian Institute of Technology Bombay
Mumbai, India
spmishra2107@gmail.com

Anish Ranjan
Department of Mechanical Engineering
Indian Institute of Technology Bombay
Mumbai, India
ranjananish44@gmail.com

Sushil K. Mishra
Department of Mechanical Engineering
Indian Institute of Technology Bombay
Mumbai, India
sushil.mishra@iitb.ac.in

Abstract— Ni-Cr-Mo-V steel finds applications in various

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

I. INTRODUCTION
High strength steel plays a vital role in manufacturing
aerospace structures like landing gears, shafts, and power
transmission devices due to its superior mechanical properties
[1,2]. These structures require high load-bearing capacity and
excellent fracture resistance and thus need good strength and
fracture toughness [3]. The fatigue crack growth of Ni-Cr-MoV steel has been explored in detail by various researchers,
including D.J.Smith [4], N Djafari [5], and Shi-Dong Liu[6].
The effect of prior overload on fatigue crack growth was
studied by DJ Smith [4]. He found that the fatigue crack
growth rate is a function of overload, temperature and
orientation. Samples with notch perpendicular to the rolling
direction (L-T) improved properties at all temperatures. But,
prior overloading is rather detrimental for higher temperatures
when orientation is changed to T-L (the notch is parallel to the
Rolling direction).
The impact of in-service overload on fatigue crack growth
rate in Ni-Cr-Mo-V steel is not analyzed. This work aims to
understand the effect of in-service overloads on the fatigue
crack growth and then explain the effects using techniques like
digital image correlation, fracture surface analysis, etc.
II.

Fig. 1. IPF map of as received Ni-Cr-Mo-V steel

B. Methods
A tensile test was performed on a 100 kN MTS axial
landmark system. Samples were prepared as per the ASTM
E8 standard [7] with a gauge width of 6 mm, gauge length of
25 mm and thickness of 3 mm. A 25 mm extensometer was
used to measure the strain during the tensile test accurately.
Fatigue Crack Growth Rate (FCGR) sample was prepared as
per ASTM standard E647 and is shown in Fig. 2. Pre-cracking
was done to make the crack tip sharp till crack length equals
22.5 mm at a constant stress intensity factor range. FCGR tests
were also performed on the same 100 kN axial landmark
system using Clevis provided by MTS.

MATERIALS AND METHODS

A. Materials
Ni-Cr-Mo-V steel has been used for the analysis of the
fatigue crack growth rates. Inverse pole figure map (IPF)
obtained using Electron Back Scatter Diffraction (EBSD) is
shown in Fig. 1. The specimen was first polished using various
grit-sized emery papers, then electropolished at 20 V for 20
seconds. The (111) planes are dominating and have a fine
lathlike structure.

Fig. 2 Dimension of FCGR specimens

We have conducted various FCGR tests (Load Ratio = 0.1)
with two baseline tests at a peak load of 10 kN and 20 kN and
a periodic overload cycle with a regular maximum load of 10
kN and 16 and 20 kN overload. The modified overload cycle
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Abstract— The 1.2 m Trisonic Wind Tunnel being established at VSSC, Thiruvananthapuram has
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I.

INTRODUCTION

bearing shell. Overall length is 18 m. The incoming subsonic
flow expands from a pipeline of 2000 mm diameter to the ϕ
4500 mm airline of settling chamber formed by liners. Figure
1 shows a schematic of the settling chamber.

Vikram Sarabhai Space Centre (VSSC) is establishing a
state of the art 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 while position the model to a wide
range of attitudes. The air used for blowdown is compressed
and stored at a pressure of 20 bar (a). For the simulation of
necessary aerodynamic parameters and acquisition of test
data, the flow inside the test section needs to be steady,
uniform and quiet. To achieve the necessary uniformity of
the flow, minimise the turbulent intensity and reduce the

82

SOUVENIR & BOOK OF ABSTRACTS

CP

2-1

Design and Development of thrust transfer structure –
NCA of LVM3-X/CARE Mission of ISRO
Phani Charan Nidamarthi
Sci/Engr-SE
Structural Design & Engineering Group
VSSC, ISRO, Trivandrum, India
nphanicharan@gmail.com

Rachel SKD
Retd- Head (Sci/Enr-G)
Lower Stage Structures Section
VSSC, ISRO, Trivandrum, India
nphanicharan@gmail.com

S Sirajudeen Ahamed
Group Director
Structural Design & Engineering Group
VSSC, ISRO, Trivandrum, India
siraj40@gmail.com
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 Mk-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 propellant 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 impermeability. 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 conditions 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 organization 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 vertical 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 AI 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. AI 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 (AI), raw data, Vertical
and Horizontal integration, Operational Effectiveness (OE), Industrial Internet of Things (IIoT), smart
Quality management system (sQMS),Docker, Kubernetes.
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Abstract—An upper stage cryogenic engine developed by
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I.

INTRODUCTION

Fig. 1. Schematic of gas geneator cycle cryogenic engine.

A cryogenic engine working on Gas Generator cycle uses
a cryogenic combustor to generate hot gas to run gas turbine
which powers the propellant pumps. The temperature of the
gas is maintained below the high temperature capability of
turbine blades by controlling the oxidiser to fuel mixture ratio
of the combustor. [1] A schematic of gas generator engine is
given in fig.1.
In a 200 kN thrust cryogenic engine developed by Liquid
Propulsion Systems Centre, a supersonic nozzle is designed
and developed for generating useful thrust from GG exhaust
gas before disposal. The nozzle design was done to meet the
design constraints of engine envelope and requirements of
supporting the nozzle on the engine and at the same time,
maximizing the thrust generated. Fig.-2 shows 3D model of
TEG (Turbine Exhaust Gas) nozzle integrated to the engine.
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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 environment. 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
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Abstract—Launch vehicle designers aim for optimum
Expendable launch vehicles generally use multiple stage
structural efficiencies for each stage in order to optimize the
configurations and the spent stages are separated after their
payload and this leads to a flexible vehicle design. As a
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I. INTRODUCTION
Aerospace Technology, unlike other areas of engineering
and technology, is challenging and it demands highest
performance with least expenditure. This is achieved by
adopting high strength/stiffness to weight ratio materials,
high specific thrust in propulsion systems and highly
efficient configuration from aerodynamic point of view.
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the flight load simulation, which is the more realistic
considering vehicle modes instead of augmentation factors.
Loads at critical location estimated using this simulation are
a major input for clearing the launch. Flight experienced
loads are measured and compared with analytical values and
is described in section-II.C.
II. ANALYSIS
A. Preliminary Load Estimation
To design a launch vehicle, the structural loads are
required to be estimated prior to the design. Necessary inputs
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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 temperature 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-III launch vehicle for payload improvement. As semiCryo 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 ANSYSTM. 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
engineering and additive manufacturing to extend the life 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),
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I. INTRODUCTION

Laser additive manufacturing (LAM), developed in the
last few decades, is an advanced material processing
technology that can directly fabricate high-performance
metal components with high geometric freedom. Laser
powder bed fusion (L-PBF) is an important LAM technique
with high manufacturing flexibility, advantageous
throughput as well as high precision resulting in attractive
“buy to fly” ratio. Manufacturing via LPBF route is gaining
momentum with the process being explored to manufacture
stainless steels, titanium, nickel and aluminum alloys
majorly [1]. Following Spierings et al. review on the grain
refining and age strengthening effect of Sc in Scalmalloy
processed through selective laser melting (SLM) route [2],
the weldable 5XXX Al series has gained lot of interest to
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properties of LPBF route specimens in 3D printed + stress
relieved condition in different heat treatment conditions.
Calorimetric studies are also undertaken on the as-built
samples to understand the phase evolution in the alloys.
Activation energy of the precipitating phase is calculated to
understand the ease of Sc diffusion in the LPBF processed
Al-4.8Mg-0.3Sc alloy.
II. EXPERIMENTAL PROCEDURE

A. Materials & LPBF Process

Virgin powder of the composition in Table1 was used
to print the coupons. The apparent density of the powder
was 1.38g/cc with a flow of 50gm/14.2 Sec (Canary,
Ø4mm). Sieve analysis shows the size of 98.5% of the
powder was between 20-63µm.
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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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I.

INTRODUCTION

Manufacturing processes have always focused developing
new methods for building complex components and at the
same time increase the production speed while retaining the
quality of the component. Conventional manufacturing
techniques such as the subtractive manufacturing techniques
like machining and the formative techniques like forging
have high production rate but the production rate is high
only for the fixed standardized designs[1]. Additionally, the
subtractive manufacturing process are also plagued by
excessive material wastage[2]. The problems of limited
customization and material wastage can be overcome using
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lasers with small beam diameter, LPBF can be used to build
near net shaped components with unlimited shape design
freedom[8]. Due to its unlimited shape design freedom,
LPBF will be the disruptive technology which will move the
industries from mass production towards mass
customization[9]. Despite, the limitless shape design
freedom provided by LPBF, its production capability is
limited by poor build rate. The industrial production of
different engineering components using LPBF would
require the process to have increased build rate. Build rate
of the LPBF can be improved by increasing the scan speed,
layer thickness and hatch spacing. The extent to which these
parameters can be increased are limited by degree of
penetration of the laser beam.
Many studies are reported on the improving LPBF build
rate. It is observed that there is a limit to increasing the build
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Characterization of Laser Powder Bed Fusion AM Processed
AlSi10Mg Components for Liquid Engines
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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 AlSi10Mg 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. AlSi10Mg 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 AlSi10Mg 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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Understanding the Effect of Interlayer Delay on
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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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Characterization of L-PBF 3D Printed High Strength Aluminium
Alloy Al4.8Mg0.3Sc Bracket for Aerospace Application
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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 Al4.8Mg0.3Sc 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 (sBOM), 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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I.

INTRODUCTION

Biomechanics of a human limb during walking/running is
a highly sophisticated process which involves effortless
synchronization of vertical and horizontal loads, vertical
displacement as well as swing motion. In a trans-femoral
amputee fitted with prosthesis, the human hip stump delivers
the appropriate loads, vertical displacements and swing
motion to the prosthesis, which in turn uses its control
element to appropriately offer resistance, to achieve the
desired gait. VSSC is developing a prosthetic limb, ‘ISRO
Smart Limb’, comprising of a microprocessor controlled
prosthetic knee and a multi-axial foot for amputees. Further,
human trials with amputees are planned to characterize the
prosthesis for different modes of human activity like
walking, running, ramp climbing, etc. To exhaustively
characterize the prosthesis and demonstrate its endurance, it
is necessary to verify its performance under conditions like
varying speed, weight and height of the amputee, etc. during
walking and running. Since such an endurance testing for

Figure 1. Product life cycle of Test Rig
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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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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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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
The Digital twin consists of artifacts produced during the
platform as opposed to physical documents offers many
design process of the product starting from top level
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I.

INTRODUCTION

CSIR-NAL intends to create a “Digital twin” of the small
transport aircraft under design throughout its life cycle on a
PLM tool. The Teamcenter PLM tool which was chosen
supports all the activities of the engineering design process
by providing a platform for communication between
stakeholders, management of design artifacts and control of
the design process via stage gates.
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criteria for each stage gate (e.g., design reviews, milestones
etc.). These artifacts and associated performance data are
used to evaluate Key performance indicators (KPI’s like fuel
efficiency, range etc). A comparison between distinct
variants of the Digital twin created with different design
solutions for the same operational requirements will help the
organization to undertake value engineering and arrive at an
optimal engineering solution.
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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
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requirements, primarily meeting the objectives and
coordination of various design aspects

An explosive nut is a high explosive based pyro device
used in the stage separation systems of launch vehicles.
Functioning philosophy is generation of high pressure due to
detonation of a high energy material and converting it to
useful work for severing a notch. The chain of pyro elements
used in the device are squib, an initiator, a primary explosive
and a high explosive. Due to the versatile nature of the
device, the Explosive nut is extensively used in various
separation systems of launch vehicles. The increasing
demand of the device calls for optimizing the production
processes with an assessment of its life cycle. Further, when
the application of the device is extended to manned space
vehicles, a need for human rating of the device arises, which
also demands a long shelf life period.

minimum, achieving the required objectives

(ii) Product design stage where the preliminary design
Keywords— Explosive
Nut, Product Life Cycle, Development
lifeiscycle,
Operational life cycle, Human rating
I. INTRODUCTION
arrived at and the limitations are reduced to the

Product life cycle is a generic term representing the
whole lifespan of a product, right from its inception or
“birth” of the product, passing through the “growth” phase,
attaining “maturity” and finally ending with the “decline”
phase (Fig. 1).

(iii) Manufacturing process management (MPM), which
focuses on the manufacturing aspects of product.
Traditionally, a great deal of resources spent for
optimizing the product where the manufacturing
aspects are overlooked. Incorporating MPM
provides a robust design.
(iv) Product data management aims at capturing and
maintaining information on products and/or services
through their development and useful life.
II. FEATURES OF A HUMAN RATED DEVICE
Human rating of a device can be defined as the process of
designing, evaluating, and assuring that the total system is
capable of safely transporting humans and bringing them
back safely to earth[6]. This also includes incorporating
design features and capabilities to enable safe recovery of the
crew from hazardous situations. Different human rating
approaches used in aerospace industries are highlighted
below: 8TH INTERNATIONAL CONFERENCE ON
PRODUCT LIFECYCLE MODELLING,
SIMULATION & SYNTHESIS
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Abstract: One of the most important missions of ISRO is
System (LES) designed by Maximum Faget in 1961. The
Gaganyaan mission where ISRO is aiming to put human in an orbit
system was prevalently used during the Mercury and Apollo
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I.

INTRODUCTION

Scientists and engineers started working to explore space to
increase performance and mission quality by mitigating
risks associated with endangering the life of humans in
space. The path to expanding human presence in space is
undoubtedly not absent from any failures and many lives
could be and have been lost in the pursuit of this endeavor.
One way to mitigate catastrophic failures on future
generation spacecrafts is to provide the crew with a Launch
Abort System (LAS) that could propel the crew module
safely away from the launch vehicle in an event of an
emergency at the launch pad or a malfunctioning solid
rocket booster during ascent.

vehicle (GSLV-MK3) during 2010. The mission called
Crew Module Recovery Experiment (CARE). ISRO also
designed, developed and successfully tested its Crew Escape
System (CES) on 5 July, 2018. In Fig. 2, different phases of
flight are shown. All these successes give the confidence
and boost to Human Space Program.

The first crew abort system was the “Aerial
Capsule Emergency Separation Device” or Launch Escape
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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
(expected in real experimental environments) needs to be 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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I.

INTRODUCTION

Modern-day aviation involves incredibly sophisticated
technologies. Simulations play a significant role in the
development and testing of any new aircraft technology.
Any aircraft program encompasses different flight
simulators throughout its design, deployment and
maintenance life cycle. The fidelity and complexity of a
simulator depends on the application requirement [1]. For
example, batch mode simulations are used for aircraft
dynamics evaluations, real time simulators for handling
qualities evaluation, hardware in the loop simulators for
testing flight critical hardware interfaces and pilot in the
loop simulators for pilot training. In general, simulators are
developed for a specific aircraft program and are part of its
entire program life cycle. As more hardware interfaces get
added to the simulator, the cost to build and maintain a
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already being used for cockpit/cabin design evaluations in
terms of reachability and visibility, for providing inspection
and maintenance training to engineers [5] and even
considered for real time deployment [6]. Thereby VR based
system makes it easier to test new systems and interactions
iteratively; thereby reducing the time and cost of design
considerably. Furthermore, it allows us to evaluate these
interactions
through
a
human-in-the-loop
approach. Additionally, new modalities of interaction like
brain-computer interface or eye gaze-controlled systems
present new challenges and opportunities for HMI inside
cockpit.

Any new HMI design evaluation necessitates human
engineering methods to understand the variations in the
cognitive load experienced by the users. Many researchers
have studied different means of measuring cognitive load [
7, 8, 9]. Cognitive load may be quantified by subjective,
physiological and performance-based measures. User’s
assessment of the system is captured through questionnaires
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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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II. DESIGN METHODOLOGY
Structures.

I.

INTRODUCTION

Electromagnetic (EM) absorption is one of the main
applications of graphene in the stealth platform. The
properties of graphene investigated for this application is
tunable and frequency independent surface conductivity. The
fractal metamaterial structures are self-repeating metallic
patterns, which yields multiple resonances in the spectrum.
The EM power absorption in this structure was increased by
adding a sheet of surface conductivity tunable graphene
beneath the metallic strips. It matches the impedance of the
metamaterial screen to that of free space, resulting in
maximum absorption over a wide frequency range. Hilbert
curve metal strip array has been used as the fractal structure
for this design. Intra band contribution is responsible for
graphene sheet's frequency independent surface conductivity,
which makes it ideal for broadband impedance matching.

Graphene is a relatively new material that has uses in
advanced technologies such as THz/optical modulators,
electronic mixers, super capacitors, transistors, and so on [12]. Graphene is a two-dimensional material made up of
hexagonally organized carbon atoms. They are considered as
cutting-edge technology in the research field due to their
unique optical, electrical, mechanical, and thermal qualities.
Graphene is around 200 times stronger than steel and has
superior electrical and thermal conductivity than copper
despite its thickness being on the order of a carbon atom. The
superior properties of graphene include high electron
mobility, sheet conductivity, flexibility and optical
transparency. Its tunable sheet conductivity is the most
fascinating aspect. Shifting the electronic fermi level, either
A. Modeling of Graphene
by electronic doping or chemical doping, allows the sheet
The Kobo formula [6] is used to compute graphene's
conductivity to be adjusted for a wide frequency range. This
complex surface conductivity in the microwave frequency
enables on-chip integration and faster electrical modulation.
range. The surface conductivity is computed using
As a result, continuous or patterned graphene sheets have
𝜎𝜎0
𝜎𝜎 =
(1)
been identified as a promising candidate for the design of
1+𝑗𝑗𝑗𝑗𝑗𝑗
tunable electromagnetic absorbers [3-6].
−𝜇𝜇𝑐𝑐
𝑒𝑒 2 𝑘𝑘𝐵𝐵 𝑇𝑇𝑇𝑇 𝜇𝜇𝑐𝑐
⁄𝑘𝑘 𝑇𝑇
𝐵𝐵 + 1}
Graphene-based EM absorbers have previously been
𝜎𝜎0 =
{
+ 2ln (𝑒𝑒
(2)
2
𝜋𝜋ℎ
𝑘𝑘𝐵𝐵 𝑇𝑇
studied from the lower terahertz to optical frequency range
e- electron charge
[1]. Ribbon graphene and periodic patterned graphene
metamaterial structures have better absorption qualities in the
h- reduced Planck’s constant
terahertz range than continuous graphene sheet structures. In
kB-Boltzmann’s constant
a low observable platform, a radar absorbing structure with a
wide bandwidth, strong absorption, and a low profile is
µc- chemical potential
required. Traditional metamaterial-based absorbers have a
T- temperature(300K)
narrow bandwidth; however, incorporating advanced
materials such as graphene into metamaterial structures
SOUVENIR & BOOK OF ABSTRACTS ω- operation frequency
improves bandwidth and absorber performance [2].
τ- electro-phonon relaxation time (0.2ps) [6]
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Study of Controlled Fragmentation of Cylindrical Warhead Casing
Jai Prakash Kamal

Abinash Kumar Swain
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Chandigarh, India jaiprakash@
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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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Hot Shut Off Valves for Hypersonic Wind Tunnel
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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
——
Through
this document
we would likewe
youwould
to walk like you to walk along with us on our journey to
Abstract
Through
this document
along with us on our journey to switch from the traditional
switchmodel
fromtothe
traditional
waterfall
to Agile development. How the agile mindset helped the
waterfall
Agile
development.
How the model
agile mindset
helped
the organization
to adapt
agilescrum
scrum from
team
to team
organization
to adapt
agile
from
team
to team there by achieving the best productivity with
there
by achieving
the best
productivity
with
high quality.maintain
We
high
quality.
We
also
ensured
to
consistently
the level Delivering
of productivity withDesigning
regular trainings
also ensured to consistently maintain the level of productivity
and
support
to the
to the
newtoPLM.
with
regular
trainings
andteams
supportto
to stick
the teams
to stick
the
new PLM.

As part of the PLM, we employed new application lifecycle management tools that helped using

As in
partcapturing
of the PLM,
employed new
lifecycle
ourwecustomer
painapplication
points, challenges,
new advanced features they want to build into
management
tools
that
helped
using
in
capturing
our
customer
their product. Once we capture our customer voice, our R&D gets into action and does a rigorous
pain points, challenges, new advanced features they want to
brainstorming
session
requirements
or features as per customer needs and requests.
build
into their product.
Once to
we come
captureup
ourwith
customer
voice,
ourWe
R&D
gets
into
action
and
does
a
rigorous
brainstorming
then break those requirements into EPICs and the epics are broken
into small units
Testingfurther down
Developing
session to come up with requirements or features as per customer
as STORIES
which
are owned
the requirements
respective associate
and delivered story by story to epic; from there
needs
and requests.
We then
break those
into
epicand
bythe
epic
toare
thebroken
final further
product
ininto
iterative
manner
using Agile Scrum.
EPICs
epics
down
small units
as
STORIES which are owned the respective associate and
Fig. 2. Agile Model
delivered story by story to epic; from there epic by epic to the
Keywords
— Agile,
Epic,using
Iteration,
Scrum, Story, Velocity.
final
product in iterative
manner
Agile Scrum.
Keywords — Agile, Epic, Iteration, Scrum, Story, Velocity.

I. INTRODUCTION (HEADING 1)
Software Delivery Life Cycle (SDLC) is a process of
producing a high-quality software that exceed customer needs.
The life cycle consists of different phases like designing,
developing, testing, and delivering.
There are two major SDLC models/methodologies for
managing a program/project i.e., Water Fall and Agile. Water
fall model is a step-by-step approach for software
development. This model is based on the traditional
manufacturing industry process which is very linear, and it
involves having a clearly structured approach, each phase
would start only after the previous stage is complete, the
completed software is delivered at the end of the program,
customer is usually involved at the start and end and have well
defined roles.
Designing

Developing

Testing

Fig. 1. Software Delivery Life Cycle
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In the Agile model instead of dividing it into steps, it is called
time boxes is run as an iterative model. These timeboxes
involves flexible teams, highest priority software, modules
are delivered during each of these timeboxes, and customer is
involved from the start of these iterations. If the customer is
available throughout the life cycle and there is an expectation
of constant requirement changes throughout the life cycle,
then agile is the right model for you.
II. EMBRACING AGILE
In last 2 decades agile has emerged as one of the strong,
reliable, and proven process for software development. Most
of the Information Technology organizations in the world are
moved to agile.
Agile solves most of the problems with waterfall model like
larger development time, less room for feedback and no early
engagement with customers. It improves time to market,
opportunity for evaluation with customer, increased quality
and finally increases motivation and productivity in teams.
As per Agile manifesto, Agile mainly focuses on
- Individual and interactions over processes and tools.
- Working software over comprehensive documentation.
- Customer collaboration over contract negotiation.
- Responding to changes over following a plan.
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Abstract—Airborne
EO/IR
camera
system provides
multi-spectral,
high definition
Abstract—Airborne EO/IR
camera
system provides
multiconditions.
This enables
them to (HD)
reduce imagery
operator of
load,
spectral,
highofdefinition
an essential
area of interest
continuously
scan for
targets,
operational
insights and
an area
interest(HD)
and imagery
are thusof an
sensor system
in both
aerial
andextract
maritime
surveillance
and are thus an essential sensor system in both aerial and
reduce
human error
the routine
surveillance
tasks.
scenarios.
They capture
images
a plethora
of inoptical
sensor
payloads
inThe
therest
maritime
surveillance
scenarios.
They simultaneously
capture images using
of the paper is organised as follows – Section II discusses the
Visible (VIS),
(SWIR)
cameras
spectrum.
Exploitation
simultaneously
usingShort-Wave
a plethora ofIR
optical
sensor
payloadsand
in Medium-Wave
progress of AI IR
in (MWIR)
EO/IR; Section
III presents
the system
theofVisible
(VIS),
Short-Wave
IR
(SWIR)
cameras
and
architecture
we have used
AI-based
the images/videos from this gamut of sensors can have
a forcethat
multiplication
effectforforrealising
the operator.
Medium-Wave IR (MWIR) spectrum. Exploitation of the
airborne
EO/IR domain
systems;inSection
IVoflists
out various
While
Artificial
Intelligence
has
made
great
strides
in
the
civilian
the
task
exploitation
images/videos from this gamut of sensors can have a force
capabilities that have been envisaged for advanced video
multiplication
effect
for the operator.
While
Artificial
of the output
images/videos
of these
systems,
translating
thisinvolving
successthe
into
the military
domain
is still
analytics
EO/IR,
followed by
Conclusion.
Intelligence has made great strides in the civilian domain in the
a major challenge. In this paper, we propose an AI-based, segmented, modular system architecture
task of exploitation of the output images/videos of these
II. ARTIFICIAL
EO/IR
that can
be interfaced
with
Airborne
EO/IR
display,INTELLIGENCE
for effectiveINexploitation
systems,
translating
this success
into the
the military
domain
is stillCamera and tactical
a major
challenge.
In
this
paper,
we
propose
an
AI-based,
of its multi-spectral output. This provides force multiplication
effects in terms
Automatic
Target of
Artificial Intelligence
(AI) hasofpenetrated
all spheres
segmented, modular system architecture that can be interfaced
life where AI applications are being deployed on a large
Recognition
(ATR).
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
Keywords—Artificial Intelligence, MWIR, SWIR,
Recognition (ATR).

RNN.

Keywords—Artificial Intelligence, MWIR, SWIR, Airborne,
Maritime, Surveillance, ATR, MTI, CNN, RNN.

I.

INTRODUCTION

The airborne EO/IR camera system typically comprises
of a multi-axis mechanically stabilized electro-optical
payload that captures images simultaneously in the visible,
SWIR and MWIR spectrum. This provides imagery that
gives greater situational awareness that is much needed for
aerial and maritime surveillance. The system can be installed
on a variety of platforms including rotary and fixed-wing
airborne platforms - in both belly up/down positions,
aerostats, naval vessels and land applications. Due to their
fast area sweep, availability of multiple channels and oblique
incidence, the operational load on the sensor operators tend
to be very high. Conventional analysis by operators over
running streams of video/image data require cutting edge
training involving thousands of man-hours. Moreover, the
effectiveness of the analysis finally comes down to the adept
skills of the operator. In addition, in sparse scenarios such as
in maritime surveillance, majority of the video stream
comprises of uninteresting objects such as blue waters. In
such scenarios, Artificial Intelligence (AI) can be used as an
effective tool for reducing the operational load, while
significantly improving the effectiveness of analysis tasks.
Additionally, AI also enables extended range performance
without increasing size and weight, thereby making the
system operable day and night and in adverse weather

scale in the civilian world. Object detection and classification
in images/videos is one of the widely studied area in AI.
Airborne,
Maritime,
ATR,
CNN,
Deep learning
based Surveillance,
techniques based
on MTI,
CNN and
RNN
have shown promising results for classification of EO/IR and
SAR images [1], [9] and [16]. State-of-the-art deep learning
algorithms like YOLOv5 [1] have achieved almost 98%
accuracy in the task of object classification. Leclerc [2] used
transfer learning [16] on CNN with ImageNet features to
obtain maritime multi classification with the combination of
integration of tracking. By applying hyper parameter tuning
on Inception algorithm, the highest valid accuracy obtained
is 78%. Mario [3] considered ship spotting maritime ship
dataset with 5 classes and conducted a comparative study of
pre-trained networks VGG19, Inceptionv3, Xception and
ResNet50 and the maximum test accuracy achieved is 78%
with VGG19. Quentin [4] proposed architecture applies PCA
as a pre-processing step to reduce dimensions. This is then
followed by an attribute learning framework that uses
DenseNet as a classifier pre-trained with ImageNet weights
and achieved accuracy of 89.08%. Victor [5] proposed a
novel neural network approach to identify military ground
vehicles by considering object detection using PCNN
segmentation which includes feature selection using Gabor
filtering followed by PCA and classifier as SVM improved
by using virtual training data generation (VTDG) with
concurrent self-organization maps (CSOM) and got accuracy
of 97.36%.
Modern military EO/IR systems [6] incorporate state-ofthe-art AI-suite that are engineered to apply automatic target
recognition (ATR), moving target indication (MTI),
automated video motion detection (VMD), automatic multitarget video tracking, advanced image/video processing, HD
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Abstract— Designing an automotive automatic transmission
transmissionisdesigns.
The engine
power isskilled
transmitted
Abstract—
Designing an automotive automatic transmission
a complex
and highly
task.to the
is a complex and highly skilled task. Depending upon the various
AT through torque converter, which commonly uses hydraulic
Depending
upona the
various speed
ratios
needed,
engineer
thefrom
gearthe
dimensions,
speed
ratios needed,
transmission
engineer
decides
the geara transmission
power to shift
the gears.decides
The power
torque converter
dimensions,
number
of
individual
components
like
planetary
usually
transmitted
to the
first planetaryand
gearsequence
set. After that,
number of individual components like planetary gearisset,
clutch
& brake
components,
gear set, clutch & brake components, and sequence of their
with
the
various
combination
of
clutch
of their engagements.
isearly
usually
done phases
in early
phases of product development, aand
termbrake
engagements.
This is usually This
done in
conceptual
of conceptual
engagements, multiple forward and reverse speeds are
product
development,
popularly engineering,
known as generative
popularly
known aasterm
generative
althoughproduced
the generative
engineering
also addresses
thetools
by the AT.
There are various
algorithm and
engineering, although the generative engineering also addresses
likechallenge
AMESIM which
helps
an engineer
to design
and and
optimize
later part of design (for example controller design). The
here is
to make
a cost
effective
the later part of design (for example controller design). The
the As
AT the
system.
One such
algorithm
hasincreases,
been proposed
compact
transmission
design
with
minimal
power
loss.
number
of
speed
ratio
the by
challenge here is to make a cost effective and compact
Reference
[1]
which
explores
the
combinatorial
possibilities
transmission
design withincreases
minimal power
loss. As the
number
design complexity
manifold.
There
are ofvarious
an engineer
of algorithm
a two-stageand
ATtools
to which
generatehelps
automated
innovative
speed ratio increases, the design complexity increases manifold.
to
optimize
the
design.
Once
a
design
is
ready,
it’s
architecture
needs
to
be
created
in
the
form
of
a 2D is
architectures
of
the
AT.
The
output
of
this
algorithm
There are various algorithm and tools which helps an engineer
listOne
which
consists
of challenges
the detail ofduring
individual
tolayout,
optimizewhich
the design.
Once a design isprojection
ready, it’s architecture
is axisymmetric
of the actual adjacency
3D design.
of the
biggest
components, their valid connections. The adjacency list is
needs
to be created
in ensure
the formthat
of anone
2D layout,
2D layouting
is to
of thewhich
lines isintersect
each
other
as it violates
assemblability
obtained
using
automated
concept the
design
methodology [1].
axisymmetric projection of the actual 3D design. One of the
constraint,
also
known
as
planarity
violation.
In
this
work,
authors
are
proposing
a
methodology
to the
First, set of components is defined depending upon
biggest challenges during 2D layouting is to ensure that none of
number
of
speeds.
Then
its
connections
in
the
form
the
lines intersect each
other 2D
as itgraphs
violates for
the the
assemblability
automatically
generate
automatic transmission. The methodology has been tested of
architecture is made. The architecture should meet
constraint, also known as planarity violation. In this work,
on fewaredesigns
ranging
from 4totoautomatically
9 speed automatic
It successfully
finds
the architecture
authors
proposing
a methodology
generate transmission.
transmission and
assemblability
constraints,
which should
without
violating
the planarity
condition.
2D
graphs for
the automatic
transmission.
The methodology has
lead to viable speed ratios. Due to the number of parts
been tested on few designs ranging from 4 to 9 speed automatic
associated with these components, there are trillions of
transmission. It successfully finds the architecture without
architectures possible. And if we need to evaluate all these
Keywords—
2D Graph,
check, Generative engineering, Conceptual
violating
the planarity
condition.Auto layout, Line search, Planarity
possibilities, it will take months & years for evlaluation. Thus,

exploration
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I. INTRODUCTION
Automatic transmission (abbreviated as AT) of an
automotive powertrain is used to provide multiple speed to the
vehicle without the intervention of driver. It consists of
multiple planetary gear sets which are connected by shafts,
clutches, and brake components. This system of components
in different layouts create opportunities for multiple speed

122

any algorithm has to be intelligent enough to evaluate only
those solutions which are worth evaluating and therefore,
reduce the computation time. The authors used symmetry
breaking and cube & conquer methodologies to eliminate
redundant and infeasible architectures thus drastically
reducing the number of architecture evaluation. The output of
the approach finally gives unique transmission architectures
in just few minutes.
Once the adjacency list is generated, a two-dimensional
layout has to be created. It is called transmission layout which
consists of the basic information needed to develop a design

Figure 1. An automotive automatic transmission layouting
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Abstract—Multidisciplinary Design Optimization of Space
INTRODUCTION
Launch
Vehicle Systems involves many iterations
design change
Abstract—Multidisciplinary
DesignofOptimization
of Space LaunchI.Vehicle
Systems involves many
within the feasible design space to capture the optimum design
In the
design oftheaerospace
structures,
mass is
iterations
of
design
change
within
the
feasible
design
space
to
capture
optimum
design intent.
In an
intent. In the process, it results in repetitive Computer Aided
important limiting factor. In launch vehicle applications,
Design
baseditmodeling
often leadsAided
to
the (CAD)
process,
resultsofincomponents,
repetitivewhich
Computer
Design (CAD)
modeling
ofimportant
components,
optimizing
stiffnessbased
to weight
ratio is an
criterion,
simple but repetitive and tedious tasks resulting in human errors,
which
often
leads
to
simple
but
repetitive
and
tedious
tasks
resulting
in
human
errors,
procedural
delay
to
ensure
better
payload
capability,
without
compromising
procedural delay and less productivity in the quality of output
and cost.
Interstageisstructures
are cylindrical
and less
productivity
in theis quality
of tool
output
delivery.onInreliability
such cases,
Automation
a powerful
tool to
delivery.
In such
cases, Automation
a powerful
to reduce
shells connecting
two stages
in launch
vehicles
through
human
dependency
speed up theand
entire
process.
The entire
main process.
reduce
humanand
dependency
speed
up the
The main purpose
of this
work is
to develop
purpose of this work is to develop a simple Knowledge Based
metallic end rings and fasteners. The method of introducing
a simple(KBE)
Knowledge
template
CAD
Automation.
parametric
modeling
Engineering
template Based
for CADEngineering
Automation. A (KBE)
parametric
ribsfor
is quite
popular
to stiffen A
thin
cylindrical panels
used as
modeling
approach
comprising
a Multi
ModelGenerator
Generator (MMG)
approach
comprising
of aof Multi
Model
is developed
which is
of generating
Interstages.
This is because
of capable
the increase
in the lateral
(MMG) is developed which is capable of generating a family of
bending
they offer
dueapplications
to disproportionate
a family of cylindrical panels having Orthogrid/Waffle
and stiffness
Isogrid which
structures
having
in
cylindrical panels having Orthogrid/Waffle and Isogrid structures
increase
in
second
moment
of
area
combined
with less
Interstages
ofinLaunch
Vehicle
Projects
per the
having
applications
Interstages
of Launch
Vehicle as
Projects
as iterative design requirements by reusing the same
increase in mass [1]. This reduces the effects of buckling
perparameters.
the iterative Inbuilt
design requirements
reusing Based
the same
kernels andbyFeature
Modeling
tools
are used
instructures
3D EXPERIENCE
(CATIA)
related
failures
on such
[2, 3].
parameters. Inbuilt kernels and Feature Based Modeling tools are
Software.
The
design
inputs
are
collected
from
the
designer
and
stored
inside
the
parameters,
which
used in 3D EXPERIENCE (CATIA) Software. The design inputs
Grid stiffened
structures
can broadlyfor
be defining
categorizedallinto
areare
collected
the designer
stored inside
parameters,link different
usedfrom
to model
theand
features.
Thetheformulae
dependent
parameters
which are used to model the features. The formulae link different
Orthogid
structures
and
Isogrid
structures.
The simplest
possible inputs required for 3D modeling. Thus, the repetitive task of modeling a large number
of
dependent parameters for defining all possible inputs required for
Isogrid structure consists of a network of ribs forming a
features
can
be
avoided.
Also,
the
edition
of
features
and
their
locations
in
the
structure
becomes
3D modeling. Thus, the repetitive task of modeling a large number
repetitive pattern of 60° equilateral triangles. The triangular
of features
can bebased
avoided.
edition of features
andof
their
automated
onAlso,
thethe
minimum
number
independent
design
parameters
enabling
us to reduce
ribs behave
as an isotropic
material
with Poisson’s
ratio 0.33
locations in the structure becomes automated based on the
and
such
structures resist
both compressive and bending
human
errors
and
improve
the
overall
output
quality
and
productivity
significantly.
minimum number of independent design parameters enabling us to
loads and a combination of both. Orthogrid structures have a
reduce human errors and improve the overall output quality and
network of ribs in 90° orientation. The design of grid
productivity
significantly.
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configuration requirements, interface requirements and
fabrication aspects [4].
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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
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properties
such compared
as high toughness
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stiffhigh toughness
stiffness
to that
theirvisible.
constituent
at theshear
basicchain
level.(TSC)
Thesemodel
excellent
The tension
proposed by
ness compared to that of their constituent at the basic level. These [1] is adapted to carry out this study. In a TSC model, it is
mechanical properties are attributed to various factors such as the material and geometry of the
excellent mechanical properties are attributed to various factors
that the platelets
stress transfer
through
shear atBiothe matrix
constituents,
especially
the hierarchical
arrangement
the staggered
inside
the matrix.
such
as the material
and geometry
of the constituents,
especially ofassumed
located
at
the
platelet
ends
is
negligible.
Therefore,
the
hierarchical
arrangement
the staggered
platelets inside
the design is inspired by biological composites. Inthe end
inspired
composites
areofsynthetic
composites,
whose
matrix. Bio-inspired composites are synthetic composites, whose matrix is removed as shown in Fig. 1, for carrying out the
this study,
we conduct
a finite
element
analysis
out the stiffness of a two hierarchical (2H)
design
is inspired
by biological
composites.
In this
study, to
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conduct
a
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element
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of
a
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results
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for different
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[6]–[8]
the
works on
results
analyzed
for different
combinations
platelet aspect
resultsareare
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ratio and volume fractions. Also, the results are compared with non-self-similar hierarchical structures are less. In this study,
design
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of could
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the
available
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model.inThese
results
help thehierarchical composites.
we conduct a finite element analysis of the 2H SR composite

advancement of design strategies adopted in the field of bio- shown in Fig. 1, to compute the stiffness and further analysis
inspired hierarchical composites.
Index
Terms—bio-inspired, hierarchical, regular staggered, stairwise staggered
Index Terms—bio-inspired, hierarchical, regular staggered, by varying the parameters such as the aspect ratio and volume
fraction of the platelet. Also, the results are compared with the
stairwise staggered

I. I NTRODUCTION
Materials with a high strength-to-weight ratio are always
welcome in different fields of engineering. Even though there
exist many such materials, as time and technology advances,
the demand for more improved materials also increases. Nature
has always been a great inspiration for the development of such
materials. Bio-inspired materials refer to materials inspired
by biological composites like bone, nacre, spider-silk, and
bamboo which possess excellent mechanical properties such
as high toughness, strength, and stiffness, characterized by the
material properties of the platelets and matrix as well as the
staggering type and the overall hierarchical structure [1]–[4].
Fig. 1(a) shows a two hierarchical stairwise staggered
composite with regular staggered composites as platelets (2H
SR). The stairwise and regular staggering types are known
to be found mostly in the natural composites owing to their
optimum mechanical properties [5]. In Fig. 1(b), the zoomed
view of the platelets is shown in which the regular staggering

available analytical solutions to compare the error percentages
in the study.
II. F INITE E LEMENT A NALYSIS

The finite element analysis is carried out using the commercially available software suite ABAQUS [9]. The stiffness
matrix [Q] and thereafter the compliance matrix [S] is obtained
by manipulating the ABAQUS output database. To find the
stiffness matrix coefficients, the average stresses in the composite are found out from the output after which it is divided
by the corresponding strain applied. Fig. 2 shows the boundary
conditions applied in the finite element representative volume
element (RVE) of the stairwise and regular staggered composites at the first and second levels of hierarchies respectively.
Symmetric boundary conditions (SBC) are applied for computing the stiffness matrix coefficients of the regular staggered
model (RSM) in the first level of the hierarchy, as shown in
Fig. 2 (a) and (b).
To find the shear modulus of the RSM in the first hierarchy,
the regular staggered FE model was subjected to shear by
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Additive manufacturing process development for realization of
Fuel Pump Impeller of LOX hydrocarbon based
rocket engine using 17-4 PH material
Rajeev Verma
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Valiamala, Trivandrum, India,
Email: raazeev15196@gmail.com

A Alex
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Liquid Propulsion Systems Centre,
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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 04X13H5M5K9Л. 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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I.

INTRODUCTION

A Challenges of Conventional Manufacturing Methods
In case of conventional manufacturing methods like
casting, forging, metal forming, machining, etc., for
components manufacturing, following common challenges
are encountered in availing non-standard components, in
small quantity, for the prototype development and repair
parts for maintenance activities [1]
1. High manufacturing cost per unit component
2. High lead time
3. Inventory carrying cost of repair components to cater
unpredictable maintenance needs Cost of manufacturing per
component and production lead time, using conventional
manufacturing methods, are

to as WAAM [3] and has been investigated for Additive
Manufacturing (AM) purposes since the 1990s [4],
Although the first patent was filed in 1925 [5]. unlike the
more common metal powder AM process, WAAM works by
melting metal using an electric arc as heat source. The
process is controlled by a robotic arm and the shape is built
upon a substrate material (a base plate) that the part can be
cut from once finished. The wire when melted, is extruded in
the form of beads on the substrate. As the beads stick
together, they create a layer of metal material. This process is
then repeated, layer by layer until the metal part is completed
repeated.
C. Wire arc additive Manufacturing of Titanium alloy
Wire+ arc additive manufacture (WAAM) for titanium is a
process which is gaining interest in several industry sectors
due to its capability to produce near-net-shape preforms for
parts of medium to high complexity in medium to large,
complex tooling using relativity simple and readily available
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Development of Hardware for Biology in Spaceflight: Exploring the Prospects
of Design for Additive Manufacturing (DfAM)
Akhil Madhavan K and K G Sreejalekshmi*
Department of Chemistry, Indian Institute of Space Science and Technology, Valiamala Post,
Thiruvananthapuram*
Corresponding author: sreeja@iist.ac.in
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 prerequisitesi) 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
Ajay Agarwal
School of Computing, DIT University, Dehradun 248009, India
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
Objectify Technologies Pvt Ltd: Bhrigu Ahuja
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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Performance optimization and production of U-Fitting bracket using LMD
technology

Brian Matthews, Spain Meltio
Manju Pravin, Monotech Systems Ltd
Maria Garcia-Cosio, Spain CiTD
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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Prediction of Fastener Nut Factor Value using Machine Learning
Technique
J Srinath*1, Amaljith TH1, S Mariappan1, Dr. S Christopher Solomon1
1 Materials

and Mechanical Entity, Vikram Sarabhai Space Centre, ISRO, INDIA

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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Submission 89
A new approach to Electrical System Design for Aero and Space platforms
Siemens: Prashant Gandhi
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 everincreasing 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-à-vis Electrical
System design and how a Model based approach and cross domain collaboration can help
address these challenges.
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Model Based Digital Risk Twin for Space Systems

Authors
• Daniel Chan, Engineering Operations Manager, PHM Technology
• Dinesh Tallur, Portfolio Development lead, Siemens Digital Industry Software
• Syam Kumar, S., Engineering Head, Aetos Design & Engineering Pvt Ltd
• Monisha Mohandas, Application Engineer, Aetos Design & Engineering Pvt Ltd
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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Effect of Roller Burnishing on Fatigue Life of Alloy Steel
Effect ofFasteners
Roller Burnishing
on Fatigue
LifeApplications
of Alloy Steel
for Landing
Gear
Fasteners for Landing Gear Applications
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I.

INTRODUCTION

Fasteners for landing gear applications are critical in nature
which requires stringent fatigue requirements. The fasteners
are manufactured to meet the fatigue requirements in line
with Goodrich Engineering Specification, ES 21.1. The
specification clearly mentions the materials to be used for
landing gears are AISI 4140, AISI 8740 and AISI 4340. AISI
8740 was chosen as it has a combination of better alloying
elements as well as ease of cold forging.
The typical manufacturing process involved is cold heading
of fasteners from the coil with consecutive operations of
Heat Treatment, CNC Machining, Neck Rolling and
Grinding of Thread rolling diameter & finally thread rolling.
Fatigue testing trials were conducted on fasteners made out
of AISI 8740 thread rolled with 3/8”-UNF threads.
A. Abbreviations and Acronyms
For understanding purpose the following abbreviations are
used as manufacturing codes.
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1312-11. The high load and low load used for tension fatigue
are 7860
lbs and 786stress
lbs respectively as per Goodrich
Residual
compressive
engineering specification ES21.1. The stress ratio is 0.1 (low
load/high load) which is a stringent requirement. As per the
specification the number cycles required is average of 65,000
cycles and no bolt shall fail below 45,000 cycles and the test
can be stopped after 1,30,000 cycles. But for the study
purpose the tests were conducted till 6,50,000 cycles (i.e
Endurance limit). Three sets of trials were conducted with 5
samples each in a set. Each set belongs to different
processing route. First set of trials were conducted with CFHT-CNC-FR-CG-TR and fatigue life of the fasteners were
reported. Second set of trial was conducted with an
additional operation of Burnishing with the pressure of 20
Kg/cm2 on the thread rolling diameter i.e CF-HT-FR-CGRB-TR and one more set of trial was conducted with the
Burnishing pressure of 40 Kg/cm2 and all the results were
studied. The surface finish of thread rolling diameter has also
improved after burnishing operation in comparison with the
CG (Centreless Grinding).
III.

RESULTS AND DISCUSSION

The fatigue life of fasteners was studied with the different
processing routes with and without the addition of Roller
Burnishing. The samples of fasteners processed in the
conventional manufacturing route showed an average fatigue
life of 49,000 cycles (Ref. Fig.1) where as the samples
burnished at 20 Kg/cm2 exhibited an improved average
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Gating design for Complex Casting using ProCAST and its
validation
Jishnu Padman1*, SaumyaP.Singh1, Elamurugu S1, AlokAgarwal1, R.K.Gupta1, Govind1,
RameshNarayanan P1
1Materials and Mechanical Entity, Vikram Sarabhai Space Centre, ISRO, Trivandrum,
India2Affiliation details

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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other factors like the availability of space, safety distances to

and testing of the air storage is executed meeting the relevant
standards.
Keywords — Pressure vessels, wind tunnel, design, fabrication

I. INTRODUCTION
A state of the art 1.2 m Trisonic Wind Tunnel (TWT) is
being established at Vikram Sarabhai Space Centre,
Thiruvananthapuram. The TWT is a blowdown type
aerospace wind tunnel capable of achieving Mach numbers
from 0.2 to 4.0 while position the model to a wide range of
attitudes. The air used for blowdown is compressed to a
pressure of 20 bar (a), dried to a humidity level of 0.05 g/kg
and stored in six air storage vessels whose total volume is
4550 m3. The storage pressure and volume are selected to
achieve the required mass flow and stagnation pressures for
specified run time.
ASME Boiler and Pressure Vessel Code (BPVC) is
followed for the design, fabrication and testing of the vessels.
The vessel is designed using calculations are per Section
VIII, Division 1 of BPVC. Fatigue analysis of the vessel is
done as per Section VIII, Division 2 of BPVC. Vessel is
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be maintained, overall time and effort required for
fabrication and installation as well as easiness of inspection
and maintenance during operational phase.

Considering the above factors, the air storage vessels
were chosen to be cylindrical.
B. Configuration
The storage system consists of six cylindrical vessels
with their axes parallel to the axis of the wind tunnel and are
provided with hemispherical dish ends on each side. The
storage is split into two parallel banks, each containing 3
vessels interconnected in series. Each vessel has an internal
diameter of 4500 mm and total length of 50 m. Figure 1
shows the schematic of the slender air storage vessels.
Compressed air is fed into the two vessels at the centre,
which are also the vessels which supply air into the tunnel.
Manual isolation valves are provided between the vessels for
maintenance operations.
Figure 1 shows the general arrangement drawing of the
air storage vessels. The wind tunnel is present towards the
RHS of the figure.
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II. MATERIAL AND METHODS
requirements.
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A. Modelling and Simulation
In order to design forging processes, modelling and
simulation has been employed to optimize important process
parameters such as forging temperature, die temperature,
transfer time, amount of deformation and forging equipment.
Simulation of metal forming processes requires following
input: geometrical parameters (3D model of die and billet),
process parameters (forging temperature, die temperature,
friction conditions) and material properties (flow stress and
thermal properties). A typical workflow in process modeling
of closed die forging is shown in Fig. 1. The output of the
process model will provide information on the metal flow,
distribution of state variables (temperature, strain, strain rate
and stress) and the response of the forging equipment (load
estimation and ram velocity). The 3D models of the die and
billet were generated using SolidWorks. The forging
simulation was performed on metal forming simulation
software FORGE.
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and Simulation
Keywords— Forging,
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I. INTRODUCTION
Inconel 718 (IN718) is an age hardening nickel based
superalloy with an excellent mechanical properties in a wide
range of temperatures (-253°C to 650°C) coupled with good
corrosion resistance [1]. IN718 is a widely used in the
aerospace, nuclear, power and space sectors as rotating parts,
blades, shafts, pressure vessels, injector plates, thrust
chamber jackets, bellows and tubings [2,3]. In addition,
IN718 has the best balance of ignition resistance, oxygen
compatibility, weldability and strength, which makes it a
suitable candidate for oxygen storage which is the envisaged
application of hemispherical forgings [4,5]. Hemispherical
forgings can be produced through cold forming, hot forming,
spinning and closed die forging [6–10]. Mechanical working,
better grain flow and metallurgical properties are the
advantages of closed die forged products. Two types of
forging equipments are widely employed for closed die
forging namely press and hammer. Closed die forging was
employed to produce different components of IN718 such as
blade forging [11], turbine disk [12,13], and compressor
disk[14].

The accurate prediction of metal flow and forging load
demands reliable material parameters that relate both
deformation and heat transfer. The flow curves as a function
of temperature, strain, and strain rate are important for the
prediction of metal flow. The heat transfer modelling
requires material parameters like thermal conductivity, heat
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Abstract—The cylindrical & conical structures are integrated
Protection System. Additional thermal loads are act
for launch vehicles to place satellites in the definite orbit. During
radioactive and convective heating as given below:
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I. INTRODUCTION TO THERMAL PROTECTION
SYSTEM (TPS)

A.2. TPS: PC-10 White
The composition of PC-10 White is same as P
except the pigment Titanium Oxide (TiO2) that imp
color to the TPS, instead of Fe2O3. It is applied
coats, used to impart white appearance to the stru
aesthetic look of finishing coats.

The launch vehicle experiences, temperatures up to 500
A.3. Raw materials and Intermediates used:
Degree Celsius on the outer surface during the ascent phase
1) Poly Dimethyl Silioxane
of the flight in the thick atmospheric regime due to
2) Silica filler
atmospheric drag, hence leads to aerodynamic heating.
3) Ferric oxide
Therefore, it is necessary to provide thermal shield layer on
4) Zinc oxide pigment
the outer surface of all structures to prevent them from
5) MOS (MethylEthylketOxime Silane)
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I. INTRODUCTION

XH67MBTЮ is a Nickel
based Russian grade superI. INTRODUCTION

Nickel) in various forms is used for fabrication of ISRO’s
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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

1. INTRODUCTION
Welding is the process of joining metals with the aid of fusion. The lack of additional fasteners
means that welded joints also have lower weights. A major drawback in welding is the
formation of residual stresses, which can reduce the integrity and life of the component. These
stresses are a result of incompatible strains that develop due to non-uniform thermal and
metallurgical loads acting on the structure during a welding operation.
The process of welding starts with heating using an electric arc. This heat is partitioned between
the base metal and the filler metal rod. The heating and cooling cycles, give rise to metallurgical
transformations, i.e, ferrite to austenite and back to martensite which can result in
transformation strains. Additionally, thermal conditions also result in strains due to thermal
expansion and contraction, which must be accommodated by plastic deformation if they exceed
the yield limit. The thermal, transformation and plastic strains are the main sources of residual
stresses.
This study aims to model the transient thermal and structural response of a maraging steel plate
during a four pass welding operation. This operation is a part of the manufacturing process
used for constructing aerospace casings.
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Abstract—Any Airborne surveillance system has multiple
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Keywords—FPT, Primary Radar(PR), Identification of
Radar Performance. On the other hand, Luke Rosenberg [13]
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described the key trade-offs in designing a scanning maritime
radar with details of how the radar return can be simulated.
I.
INTRODUCTION
None of the above works considers integrated sensor
Any Airborne surveillance system is a complex system of
simulation intended at test & evaluation and operator training
systems and has a long life cycle. It has multiple sensors and
of the sensor outputs.
communication links on board for detection, tracking,
Identification and classification so as to provide a
8TH INTERNATIONAL CONFERENCE ON
PRODUCT LIFECYCLE MODELLING,
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is ainput
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used forprotection
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lightning
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When an
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effects
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Sphere
Method of
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vicinity
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due todata
increasing
intensity
of electric
The current
workRolling
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application
RSMisona digital
product
definition
of fighter
aircraft,
for
conventional method used for the design of suitable shielding
field, a positive leader emanates from the extremities of
upfront
identification
of lightning-prone
zones.forThethe
paper
mainly brings out the CAD data usage for
to
ground based
structures. This
method has been applied
aircraft and is propelled in the direction of the
detection
of attachment
initial lightning
attachmentofregions
fighter
lightning
evaluation
fighterofaircraft.
downward negative stepped leader. The point of discharge
aircraft. The current work outlines application of RSM on
acts as an entry point to the lightning leader.
digital product definition data of fighter aircraft, for upfront
Keywords- ofLightning
Zoning,
Rolling
Sphere
Method
identification
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

I.

INTRODUCTION

A fighter aircraft should be able to function effectively
even under adverse environmental conditions. During the
design phase of any fighter aircraft all such adverse
environments are considered. One such condition is
lightning, which is a safety hazard for the aircraft. Any
lightning attack may damage the aircraft by direct or
indirect effects. Direct effect takes place when the aircraft
forms a part of lightning channel's path and carries the
entire lightning current. This causes physical damage on
the aircraft surface by melting or burning, degradation in
properties of outer skin composites, fuel ignition hazards,
physical and functional damages of external units which
are mounted on outer surface of the aircraft such as
antennas and probes. Indirect effect causes damages to the
sensitive electrical and electronic units, which may affect
the functionality of the units as well as the aircraft.
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Fig. 1: Initiation of lightning strike

I.B

LIGHTNING ZONES

Aircrafts are designed to withstand the effects of lightning
by implementing lightning protection scheme. The main
input for lightning protection scheme is the lightning
zones. Lightning zoning segregates the surface into the
region where the lightning can attach, run-over and the
regions that only carried the stroke current. The spatial
distribution of zones depends on the complexity of the
aircraft geometry. Structural protrusions such as pylons &
SOUVENIR & BOOK OF ABSTRACTS
elevated regions such as canopy and stabilizers are typical
examples of locations with the probability of direct
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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.
● Keyword : Rocket Thrust, Nozzle, Propulsion Engine, Heat Transfer, Cooling.

● INTRODUCTION
Most Commonly Used Rocket Engines In Space Missions are TurboPump Fed Liquid Propellant
Engines With Solid Propellants Boosters Due To Higher Thrust. Liquid Propellant Engines
Consists Of Liquid Oxidiser i.e Oxygen And A Liquid fuel Such As
Kerosene/Methane/Hydrazine.In Combustion Chamber Propellants React Producing Hot Gases
Which Is Finally To Be Accelerated Through Supersonic Nozzles And Imparting Thrust To
Vehicle Whereas In Solid Propellant Engines Propellant To Be Burnt Is Stored In Combustion
Chamber In Form Of Grains. Once Ignited There’s No Stopping As Internal Cavity Grows
Larger[1]
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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)

1. INTRODUCTION
The need to find the right information at the right time and in the right place out of a gamut of
information has always been a requisite for any organization whose critical business information is locked
in analog or digital documents. And thus the search for a tool to tactically handle GTRE’s growing
content, data and document needs, was on. The requirement also extends to necessitate creation,
collaboration, rapid sharing and leveraging that content in business processes of GTRE.
The difficulty arises when the authors governing their content in diverse environments often have little or
no association to their product data. As a result, contents are inconsistent
with the products/prototypes in
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i3PLM- A futuristic Product Lifecycle Management framework
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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.

1. INTRODUCTION
Traditionally, businesses involved in the development and usage of PLM focused very much
on data management activities like product data management, engineering change and change
management, configuration management and workflow managements.
PLM architectures
were primarily focused on data management and control. While data management focuses on
collection and storage of information in a secure, efficient and cost-effective manner, data
control revolves around the information policies. With the advent of AI across various
industries, evolutionary shift from data management and control to data intelligence will
happen over the next decade in the PLM industry.
In the last decade or two, many OEM’s have spread their product development operations
across the globe, and there is a natural shift from product development in silos to
collaborative product development. There are many other factors like time to market, cost,
traceability and quality which have accelerated the rise of collaborative product development.
Given these factors, our current research priorities and the core concept of this paper are
driven by the aspects of interpretability, interoperability and intreraction (i3PLM).
The i3PLM envisages a futuristic PLM system that empowers the designers to leverage the
full power of simulation and machine learning technologies to bring in new product
innovations faster to the marketplace. There are three elements to i3PLM that are addressed
in the project, though only the interpretability element will be elaborated in the paper.
1. Interpretability: the system should enable designers to interpret and explain the
outcomes from every stage of the PLM tool chain.
2. Interoperability: this looks into technologies for data standardization and seamless
data exchange between various formats of the PLM tool chain.
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Implementation of A Simple Production Management Tool for
Avionics Systems
Smitha Jose*, Sheena Abraham, Jeyapaul K
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Vikram Sarabhai Space Centre (VSSC),
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*E-mail: smitha_jose@vssc.gov.in, smithalal06@gmail.com

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
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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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At each of these stages, discontinuities and differences in
material characteristics are more effectively found by NDT,
which can provide the reasons for variations and deviations
from the expected behavior.
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Abstract— Wire and arc additive manufacturing (WAAM)
components such as jet engine parts, flanges, exhaust ducts,
process
is a fast-growing
technology
for the mass
production of (WAAM)
and pistonprocess
engine exhaust
manifolds [4][5].
Also, the SS
Abstract—
Wire and
arc additive
manufacturing
is a fast-growing
technology
for321
near net-shaped components with complex geometry. In this
stabilized grade having Ti has excellent thermal resistance,
theamass
production
of near
net-shaped
components
with
complex
geometry.
this study,
a multistudy,
multi-layered
wall was
fabricated
via Gas Metal
Arc
and
better
weldability
[6][7]. AMInmethods
are classified
in to
Welding
(GMAW)
based
WAAM process
using
ER321
layered
wall was
fabricated
via Gas
Metal
Arcfiller
Welding
(GMAW)
based
WAAM
using ER321
different
types on
the basis
of heatprocess
source, material
form, etc.
wire. Optimal parameters were obtained from iterative trials.
[8]. The wire
additive
manufacturing
(WAAM)
wire. Optimal
from iterative
trials.arcThe
as-deposited
SS 321
wall wasuses
Thefiller
as-deposited
SS 321 parameters
wall was freewere
from obtained
defects. The
electric arc as heat source , metal wire as feed stock material
free from
defects.and
Themicrostructural
mechanical properties
evolution
of the
the wastage
WAAMofprocessed
mechanical
properties
evolution of and
the microstructural
[9]. WAAM process
reduces
material and
WAAM
processed
SS
321
wall
was
examined.
The
micrographs
SS 321 wall was examined. The micrographs revealed
of columnar
and
equiaxed
overall the
cost existence
of the manufacturing
time. In
WAAM
process
revealed the existence of columnar and equiaxed dendrites along
layer
by
layer
deposition
of
metal
is
achieved
by
feeding
filler
along the
direction,
and recrystallization
of grains was observed due to the rethedendrites
building direction,
andbuilding
recrystallization
of grains
was
wire
against
the
heating
source
over
the
substrate[10][11].
observed
due
to the re-melting
former layers. was
The dominantly austenite with a small fraction of ferrite
melting
of former
layers. Theofmicrostructure
Wang et al. fabricated SS 316 via WAAM process and
microstructure was dominantly austenitic with a small fraction
within the austenitic matrix. Comparable tensile properties
forarc
as-deposited
SS 321
analyzed thewere
effectsnoticed
of different
modes on the mechanical
of ferrite within the austenitic matrix. Comparable tensile
properties
and
microstructure.
In
addition,
comparable
tensile
WAAM
samples
in
comparison
to
wrought
grade.
This
is
attributed
to
the
presence
of
equiaxed
and
properties were noticed for as-deposited SS 321 WAAM samples
properties were noticed for high speed arc and high pulse
in columnar
comparison dendritic
to wroughtmicrostructure
grade. This is attributed
to
the
with a small ferrite
fraction (FN). The hardness gradually reduced
conditions [12]. Kumar et al analyzed the microstructure and
presence of equiaxed and columnar dendritic microstructure
from
bottom
HV)(FN).
to top
HV)gradually
region in SS
321 wallbehaviour
and is attributed
to the625difference
in
mechanical
of SS321/Inconel
FGM fabricated
with
a small
ferrite(250
fraction
The(199
hardness
through
the WAAM
process
[13].samples
Osipovich
et al. examined
reduced
from bottom (250
to top (199
HV) fraction
region in SS
321to 3.6
microstructure
withHV)
varying
ferrite
(5.9
FN). The
fractured
tensile
revealed
the
wall and is attributed to the difference in microstructure with
the tensile
properties
of SS 321
manufactured
usingalong
electronductile mode of fracture. In addition, the cyclic loading
behavior
of as-built
WAAM
specimens
varying ferrite fraction (5.9 to 3.6 FN). Ferrite fraction in
beam additive manufacturing and reported that the mechanical
with fatigue
crack
analysis
performed
withdepend
ASTM
E1820-20b
The
wrought
SS 321 was
less growth
than 0.5 FN
and thewas
fractured
tensile in accordance
properties mainly
upon
the surfacestandard.
quality [14].
From
samples
revealed
ductile
mode
of
fracture.
In
addition,
the
cyclic
the published
literature
it iskJ/mm2
evident that
there
is only
a limited
fracture toughness of wrought alloy and WAAM processed
SS321
is 162
and
180
kJ/mm2.
loading behavior of as-built WAAM specimens along with
amount of
on the characterisation
the fracture
Thiscrack
study
demonstrates
potential
of WAAM
forworks
the fabrication
of free-formofstructural
fatigue
growth
analysis was the
performed
in accordance
withtechnology
toughness properties of WAAM processed structures. The
ASTM
E1820-20b standard.
The fracturetensile
toughness
of fracture
wrought strength
components
with comparable
and
in comparison
wrought
alloy.
current research
has mainlytofocused
on the
investigation of the
SS 321 and WAAM processed SS 321 is 162 kJ/m2 and 153
static
and
cyclic
behaviour
of
WAAM
processed
parts made
kJ/m2. This study demonstrates the potential of WAAM
with SS
321,
andwire
in particular,
the fracture
toughness of
Keywords—
Fracture
toughness,
Mechanical
properties,
SS
321,
arc
additive
manufacturing,
technology for the fabrication of free-form structural
wrought SS 321 was compared.
components
welding.with comparable tensile and fracture strength in
comparison to wrought alloy.
II. Materials and experiments
Keywords— Fracture toughness, Mechanical properties, SS
321, wire arc additive manufacturing, welding.

I. INTRODUCTION
The aerospace industry attempts to bring together
reliability and high performance by decreasing the weight of
aerospace components with minimal surface machining and
reduced buy-to-fly ratios. Additive Manufacturing (AM)
technologies gained great importance in manufacturing
industry because of its less resources usage, green production,
and less tooling requirements [1][2]. The critical atmosphere
in aviation industries, chemical plants, automotive and energy

Experiments were carried out using MIG Power source
(Welbee P500L) and 6 axis robotic arm welding machine
(OTC Daihen, Make: Japan). The AISI 347 plate (300 mm ×
120 mm × 6 mm) was used as a substrate and ER321 filler
wire having 1.2 mm diameter was utilized as a feedstock.
ER321 is the recommended filler material to weld AISI 321,
321H and 347 in accordance with AWS A5.9/A5.9M (2017)
standard requirements. ER321 has a similar composition to
TH
INTERNATIONAL
CONFERENCE
ON and filler
AISI 321. The 8chemical
composition
of substrate
PRODUCT
LIFECYCLE
material is presented
in Table
1. TheMODELLING,
gas mixture of 98%
SIMULATION & SYNTHESIS
Argon + 2% Carbon dioxide
was used for shielding and
supplied at a constant flow rate of 20 L/min. The process
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Abstract— Gas metal arc welding (GMAW) based weld
various welding techniques like Gas tungsten arc welding
overlaying is an efficient and economical repairing process. In
Gas metal
weldingand
(GMAW),
Plasma
Abstract— Gas metal arc welding (GMAW) based (GTAW),
weld overlaying
is anarcefficient
economical
the present study 308L stainless steel was deposited on the 321
transferred arc (PTA) welding, and laser cladding (LC).
repairing
the the
present
308L The
stainless
steel
was deposited
on employed
the 321 in
stainless
steel
stainless
steel process.
substrate In
using
abovestudy
technique.
Weld
overlaying
method was
the aeronautical
mechanical
tensile test The
and mechanical
the
substrateproperties:
using theuni-axial
above technique.
properties:
uni-axial
test and
industries
as it is easy
to repairtensile
components
eitherthe
from
microhardness analysis along the weld overlay and the
scratch
or
from
as
is
condition.
As
there
is
no
material
microhardness
analysis
along The
the microstructural
weld overlay and the interface section were investigated. The
interface
section were
investigated.
wastage in this method it leads to reduced environmental
characteristics
were studied
in detail using
optical
microscope
microstructural
characteristics
were
studied
in detail
usingandoptical
microscope
andstainless
scanning
impact
also economical
[3]. (OM)
Austenitic
steels
(OM)
and
scanning
electron
microscope
(SEM).
XRD
analysis
electron microscope (SEM). XRD analysis was made
to examine
primary
phase composition
(ASS)
are havingthebetter
mechanical
properties, good
was made to examine the primary phase composition present
weldability and great corrosion resistance [4,5]. Due to its
in the and
weld
theTensile
interface
in present
the weld overlay
theoverlay
interface and
section.
studiessection. Tensile studies were conducted along three
excellent corrosion resistance the material is used in aircraft
were
conducted
along three different
orientations:
(LD),
45º(TD)
different
orientations:
0º (LD),
45º (ID)0ºand
90º
along other
the welding
direction.
Tensilealloys,
test results
turbines
than Nickel
alloys, Titanium
etc., [6].
(ID) and 90º (TD) along the welding direction. Tensile test
were
higher
for
the
interface
section
in
ID
orientation
(IF-ID;
UTS655
MPa,
YS-404
MPa
and
ELThough
the
material
is
having
an
excellent
mechanical
results were higher for the interface section in ID orientation
it is required
to study
theYS-366
integrityMPa
of theand
weld
56.8%.
In 655
theMPa,
case YS-404
of HF MPa
sample
orientation
higher (HF-ID
UTS-571
MPa,
(IF-ID;
UTSand ID
EL-56.8%.
In thewas properties
overlay as it experiences thermal stresses. Various studies
case
of
HF
sample
ID
orientation
was
higher
(HF-ID
UTS-571
EL-55.2%). Alignment of ferrite phases in the overlay
side to the loading direction has the effect on
were reported about the additive manufacturing of the
MPa, YS-366 MPa and EL-55.2%). Alignment of ferrite phases
theoverlay
strength.
Microhardness
values
were
the overlay
section (230
andapplications
the interface
steel components
for HV)
aerospace
[7–9].
in the
side to
the loading direction
has the
effecthigher
on the on stainless
Only
a limited study
have between
been reported
about the
repairing
strength.
values
the overlay
sectionMicrohardness
exhibited 218
HV.were
Thehigher
resultsonacclaim
the good
metallurgical
bond
the 308L
stainless
section (230 HV) and the interface section exhibited 218 HV.
the stainless steel components by welding method [10].
steel and the substrate. At the interface between theof
overlay
and substrate, microstructure featured
The results acclaim the good metallurgical bond between the
The research presented in this study investigates the
epitaxial
growth.
The
weld
overlay
is
composed
of
mainly
columnar
dendrites
308L stainless steel and the substrate. At the interface between
mechanical propertiesand
and equiaxed
microstructural
featuresasofanthe
theeffect
overlay
and
substrate,
microstructure
featured
epitaxial
GMAW based
ER 308Lprocess.
weld overlay.
studycontent
delve into
of the cooling rate and the thermal gradient during
the overlay
Also,This
ferrite
growth. The weld overlay is composed of mainly columnar and
the
mechanical
behavior,
and
metallurgical
examination
usuallydendrites
increases
on effect
the overlapped
weld
a suitable deposition strategy shall be followed of
equiaxed
as an
of the cooling
ratebeads.
and theHence
the 308L SS weld overlay (HF) and 308L SS – 321 SS
thermal
gradient
during the to
overlay
process.
Also, ferriteof the
for repair
applications
enhance
the properties
substrate.
interface
(IF).
content usually increases on the overlapped weld beads. Hence
a suitable deposition strategy shall be followed for repair
II. MATERIALS AND
METHODS
Keywords—
Austenitic
stainless
Mechanical properties, Microstructure,
Weld
overlay.
applications
to enhance
the properties
of thesteel,
substrate.
Keywords— Austenitic stainless steel, Mechanical properties,
Microstructure, Weld overlay.

I. INTRODUCTION
Weld overlaying is a process of achieving better surface
properties, corrosion and wear resistance by applying a filler
metal over a substrate [1]. Weld overlay coating is a novel
technique to repair the components in aerospace, thermal
power plants, etc., restoring the damaged component to its
original form [2]. Weld overlaying can be achieved with

162

Schematic of GMAW based weld overlaying is
illustrated in Fig. 1. The welding unit consists of OTC
Daihen six-axis robot welding system (Model: FD-B6) and
Wellbee P500L power source. The overlays were deposited
using Ø1.2 mm commercial ER-308L filler wire on an AISI
321 substrate of dimension 80×80×12 mm. The welding
parameters for depositing 308L was a current of 120 A,
voltage of 20.8 V, travel speed of 250 mm/min. Sinewave
type weaving method was employed, the parameters are 2 Hz
weaving frequency, 4 mm weaving amplitude and 2.5°
weaving angle was employed throughout the weld overlay
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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
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manage the global demandDirector
in the Manufacturing.
– Delta Rapid 3D
Country
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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

Abstract—The Covid Situation, and the increasing Digitization of the Technologies all over World
business
without
muchand
impact.
So companies
around the
now lookingtotomanage
transform
Industries,
Business
owners
Leaders
of the Nations
are world
givenare
a challenge
business
remotelytheir
in order
to
manage
the
global
demand
in
the
Manufacturing.
production set up into digitally managed distributed work cells to handle the current
This crisis is hitting companies who have not implemented the Digital Transformation in their
crisisprocesses.
and also the
future.platform companies like Google, Amazon, Apple, Facebook, Swiggy,
production
Digital
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
This is where Industrial 3D Printing / Additive Manufacturing from EOS GmbH offers great
into digitally managed distributed work cells to handle the current crisis and also the future.
flexibility in providing a digitally managed facility. What this means is even your factory /R&D

This is where
Industrial
Printing
/ Additive
Manufacturing
from EOS
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flexibility
people
can work 3D
from
anywhere
in the Globe
and get components
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Tools
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Print
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madeititpossible
possible with
This is
beenpossible
made possible
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the Digital
Tools
PrintFarm
Farm that
that has
the following advantages.
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.
Complete Access - To All the EOS Platforms (Metal & Plastic)
EOS Print farm - Attractive MHR (Machine Hour Rates)
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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.
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Intricate machining of complicated components is one of
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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 1M x 1.2M x 2M - Electron Gun
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Quality PCBs serving for ISRO more than a decade
PCBs are supplied to various ISRO units including IISU, IIST,
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 quantities 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 / ISO 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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SEC Industries Pvt Ltd
Hyderabad, Telangana

Products

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:
Excel in manufacturing and supply of
specialised products for Global
Defence and Aerospace requirements

Highlights:
Defence offset partner approved by
Government of India
Supplier to Israeli defence companies
for the past 15 years

Airbone Systems
Light Alloy Structures:
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:
Nose cones, Engine bays , Thrust
frames, Fuel Injection tanks, other
welded and riveted structures

Ground Support Systems:
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
Total Technical Life Extension activities
of AN-32 Aircraft, Fuselage
Construction of Dornier aircraft

Infrastructure
Equipped with state of art Manufacturing, inspection and testing facilities. The following facilities have been augmented for
the Aerospace division
1) CNC Lathe: Max Dia 3500mm ABC: 10500mm
2) Auto Tig Welding Station (AC/DC): Dia 3600mm, ABC: 10000mm
3) 5 Axis CNC VTM: Max Dia: 4500mm, Max Z axis stroke: 2000mm
4) CNC Drill Station: Max Dia: 3500mm

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)

SEC Industries Pvt Ltd
Aerospace . Defence . Naval . MRO

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

Poles

Convergent-Divergent Tube

Pressure Vessels

Composite box section

Pressure Filters

Tapered Pipes

Pipes

High Pressure NON-Metallic Cylinders

Oxygen Cylinders

Low pressure water treatment vessels

Stretcher Rods

Epoxy Pipes

CNG Tanks

Convergent-Divergent Tube

Polymide Pipelines

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
LENGTHS 200mm to 19000mm

Our Clientele for over 220 winders, includes customers from
? Australia
? Argentina
? Abu Dhabi
? Brazil
? Colombia
? Canada

? Dubai
? Germany
? India
? Kuwait
? Luxembourg
? Malaysia

? Netherlands
? Qatar
? Russia
? Ras Al Khaima
? Sweden
? Saudi Arabia

? Singapore
? Venezuela
? Thailand
? Vietnam
? Turkey
? Ukraine
? United Kingdom
? USA

Composite High Pressure Cylinders

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

2 SPINDLE 4 AXES MACHINE, USA
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4 AXES WINDER, TURKEY
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VESSEL WINDING

DUAL CONE WINDING
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250 Metric Tons
250mm Tk.
Up to 12m Dia x 4.95m Ht
160,200,250 Spindle Dia.
Up to 8.5m Dia , 45 Module
32 Tons ( Finish Weight )
55 Tons
Phone: +91 44 66772800
Ext: 349
Fax No: +91 44 66772802
Email: ds@kcp.co.in
Web: he.kcp.co.in

Single Piece Fabrication

Rolling Capacity

Vertical Turning Lathe

Horizontal Borer

Gear Hobbing

Single Piece - Steel Casting

Liquid metal capacity

The KCP Limited,
Heavy Engineering Unit,
Post Box No: 2278,
KCP Road,
Thiruvottiyur,
Chennai – 600 019, India

Infrastructure

Excellent In House Fabrication, Machining & Heat Treatment
Facilities are available for Aluminum Alloy, 15CDV6,
Maraging Steel, Stainless Steel, Carbon & Alloy Steel
materials.

Gear 8.5m Dia

Rocket Motor Casing

Debutanizer Vessel

Mobile Launch Pedestal

Ti6Al4V
Propellant Tank

Disk Filter

m

Aluminum
Riveted
Structure
Dia 2.8mx4.1 m

➢ Supplies various equipment for Aero Space & Defense sectors, Cement, Power, Mineral,
Oil & Gas, Industrial Gas.

➢ Largest integrated manufacturing facilities for Heavy Casting, Fabrication & Machining.

The KCP Limited, Heavy Engineering Unit, Chennai, India. A 65+ Year Old Company
An ISO 9001-2008,ASME – “U,U2 & S stamp company

x4.1
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Diamond
HAL
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METAL

PLASTIC

METAL

WAX

PLASTIC

ELASTOMER

CERAMIC

We bring the world of
Additive Manufacturing to your Industry

Israel

Germany

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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ANANTH TECHNOLOGIES PVT LTD
AN AS-9100D & ISO 9001:2015 CERTIFIED COMPANY

Committed Partner for Indian Aerospace & Defence Programs

Overview
 Inception in 1992

 Contributed to 88 Satellites and
68 Launch vehicles

 Design and manufacture of
Space and defence equipment

premier
private
 India’s
defense and space player

 Class 100K Clean Room with
SMT production lines

 In-house
facilities

environmental

test

Product range
 Digital & Embedded systems

 Telemetry & Tracking systems

 EW systems & Simulators

 RF and Microwave systems

 Laser & Optical Systems

 Sensor Systems

 Sights for Tanks and weapons

 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-II, 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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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
CNC Turning up to 4,500mm diameter x
2,500mm height
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
 VTL’s
 5 Axis machining centers
AS 9100 Rev D and ISO 9001: 2015
Certified
Aluminium castings:
 Low pressure die castings
 Gravity die castings
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Our Vision:-

To be part of Aerospace/Defence industry in India to
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, Recognised as Startup India in Aerospace ,Space technology & Defence sector,
ISO 9001 : 2015 certified company based in Trivandrum,Kerala.

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

Bendra Aerospace Private Limited focuses on the indigenization of electronic packages, supporting “Opportunity for Make in India in Defence” concept, especially for
Space and Defence applications.

BENDRA AEROSPACE’s Empowered Team

~ 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.

Visit Us
BENDRA AEROSPACE PRIVATE LIMITED

S.P HEIGHTS,TC 84/2240(2),2nd FlOOR,
S.P LANE,ENCHAKKAL,VALLAKADAVU P O,
TRIVANDRUM -695008 , KERALA, INDIA.
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Call Us - 0471-2505577, 2505555
9846070804,9446093936
Email - bendraaerospace@gmail.com
Website:- www.bendraaerospace.com
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SHRI VENKATESWARA HI-TECH
MACHINERIES PRIVATE LIMITED
ISO 9001-2015

COIMBATORE

Contact : T.Kaalimuthu - Chairman
T.Ramachandran- Managing Director
T.Govindaraju
- Director
Address : SF.No. 518/1,2, Saravanampatti Main
Road, Vellakinar Post, Coimbatore
Pin: 641029, India
Tel
: +91 90039 18024 to 90039 18029
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, PSLVpropellant
casting
mandrels,
INSAT-II
integration
fixtures, INSAT-II, Horizontal Transportation & Vertical
Transportation
containers,
GSLV
technological
transportation container are some of the sophisticated
items manufactured by the unit









Shri Venkateswara is an ISO 9001-2015
Company equipped with heavy fabrication,
Machining and handling facilities. The main
motto
is
to
deliver
quality
products
on
assured delivery schedule with team work.
The firm met all expectations of Indian Space
Programme.

The
industry received
many
appreciation
awards & certificates of merits from Indian
Space Research Organization (ISRO) for its
continued service with quality moto. And also
manufacturing
of
other
machineries
and
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.
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.O., Calicut - 673 019
Email: trtcolavanna@yahoo.in I Tel: 0495 2432555

We are equipped with the
following machinery in our factory:

1. CNC 5 Axis Machine
2. CNC Horizontal Machining Centre
3. CNC High Speed Machining Centre
4. CNC Vertical Machining Centre
5. CNC Turning Centre
6. EDM Wire Cut Machine
7. ZNC- Spark Erosion
8. Conventional Tool Room Lathes
9. Universal Milling Machines
10. BFW Milling Machine
11. Surface Grinder etc.

INLS-3U Unipod System

Elbow

Wind Tunnel Model of Crew Module

206

Connector

Elbow


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.

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

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.
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DEFENCE
SECURITY SURVEILLANCE
POWER

KRISH PRECISIONS

GAGANYAAN MISSION

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
NO.2/217C, Narayanampalayam, Morur (PO),
Karuveppampatti, Namakkal (Dist),
Thiruchengode-637304
TamilNadu
Contact: +9198427-52678, +91 99429-14646
Email: vishakarmani@gmail.com
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SIMULATED CREW MODULE

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

T: +91.80.41605685

+91.80.41605685
T:T:+91.80.41605685
Fax: 91.80.41669115
T: +91.80.41605685
www.micronel.net
Fax:91.80.41669115
91.80.41669115
Fax:
T: +91.80.41605685
www.micronel.net
www.micronel.net
Fax: 91.80.41669115 sco@micronel.net
Fax: 91.80.41669115
sco@micronel.net
sco@micronel.net ● International Class Equipment ●
www.micronel.net www.micronel.net
● Superior Aerospace Products ●
● Multitech
Engineering Projects ●
sco@micronel.net●● International
●●
InternationalClass
ClassEquipment
Equipment
●●sco@micronel.net
Superior
●The
SuperiorAerospace
AerospaceProducts
Products
● Home of Desi Engineers!

●● Multitech
●●
Multitech
EngineeringProjects
Projects
● International Class Equipment
● Engineering
The
Home
of
Desi
Engineers!
The Home
of Desi Engineers!
● Superior Aerospace Products
●
● International
Class Equipment
● Pvt Ltd
Digital Engineering
● Multitech Engineering Projects ●
T: +91.80 4160 5685 / 4166 9115
The Home of Desi
Engineers! Aerospace Products
● Superior
●4284 5201
Fax: +91.80.

ss@nfotecindia.com / gfd@nfotecindia.com
Digital Engineering
Pvt Ltd
● Multitech
●
Digital Engineering
Engineering PvtProjects
Ltd
Development
and Deployment of Small Aircraft
T: +91.80 4160 5685 / •4166
9115
+91.80
4160
5685
4166 9115• Stealth Technology
TheT:Home
of Desi
Engineers!
Fax: +91.80.
4284/ 5201

Fax: +91.80. 4284 5201 •

ss@nfotecindia.com / gfd@nfotecindia.com
Digital Engineering
Pvt Ltd
• CAE Services and Solution for Aerospace and Automotive
ss@nfotecindia.com
/ gfd@nfotecindia.com
ElectroMagnetic Simulation

Small Aircraft and Advanced Software Company
T: +91.80 4160 5685
/ 4166 9115
• Development
and Deployment of Smallwww.nfotecindia.com
Aircraft
Development
and Deployment
Fax: +91.80.• 4284
5201 • Stealth
Technologyof Small Aircraft
• Stealth Technology
ss@nfotecindia.com / gfd@nfotecindia.com
• ElectroMagnetic
Simulation“ MAKE IN INDIA “

•

•

• and
ElectroMagnetic
Simulation
CAE Services
Solution for Aerospace
and Automotive

Digital Engineering Pvt Ltd

• Deployment
CAE
Services
and
Solution
for Aerospace
and Automotive
Small
Aircraft
and
Advanced
Software Company
Development and
of
Small
Aircraft
TH
8Company
INTERNATIONAL CONFERENCE ON
Small
Aircraft
and
Advanced
Software
www.nfotecindia.com
• Stealth Technology
PRODUCT LIFECYCLE MODELLING,
www.nfotecindia.com
T: +91.80
4160 5685 / 4166 9115
• ElectroMagnetic
Simulation
SIMULATION & SYNTHESIS
“
MAKE
IN
INDIA
“
CAE Services and Solution forFax:
Aerospace
and
Automotive
+91.80. 4284 5201

•
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SERVOCONTROLS Aerospace (I) Pvt. Ltd.

SERVOCONTROLS Aerospace (I) Pvt. Ltd. is one of the few
Indian companies which has
capability with respect to Men,
Machine, Technology and Finance to offer for Aerospace
Servocontrols has setup a 100% EOU brand new facility of 60000
Sq Ft in 14 acers of land,
Aerospace and defense systems,
sub systems, Electromechanical systems, Electrohydraulic systems,
servo valves, actuators, solenoid valves, manifold block systems,
test rigs and u l t r a - precision machined parts for various
applications.
We are a AS9100 Rev-D certified company backed by an
unparalleled reputation for quality
extensive field
Servocontrols has t h e right combination of proven
system
architecture and high
innovation that will make it a leading
company in the field of Aerospace

 Design Engineering & Made to Print
Servocontrols has the capability to design as per the specifications
and made to print
and systems, the Software’s used are
UG, CADCAM, SOLIDWORKS and

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

 Inspection, Final Assembly & Testing
Electrohydraulic and Electromechanical systems and sub systems,
sub assemblies and
assembly testing with jet fuels,
Kerosene, Red Oil, MIL5606 in cleanroom and using
Tables and variety of test

 Quality Control
As per AS9100 rev D established quality standards QMS with
continuous improvements with respect to our products and
.

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

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