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Fig. 10 Close up view of retro-mod
Hansa-NG cockpit.

glass cockpit, advanced fuel ef-
ficient ROTAX engine with better
performance (increased range &
endurance), optimized airframe,
Glass Cockpit, steerable nose
wheel, electrically operated flaps,
IFR compliance, improved ingress-
egress, better interiors/ergonomics
and external finish (Fig. 10). The
technology for light weight compos-
ite material has been developed for
producing the Hansa parts.

There have been other contribu-
tions in civil aeronautics / aviation
furthering indigenous development.
DRISHTI, an airport runway visibility
assessor system developed by NAL
has completed the landmark sup-
ply of 101 systems (47 systems to
Civilian and 54 systems to Defence
Airports) among which totally 33
Drishti systems started working
in various airports in the country.
Following the success, the Airport
Weather Monitoring System (AWMS)
developed by the laboratory has

been installed at three airports
viz, Mangalore, Bhubaneshwar
and Kannur.  Under Fast-Track

Fig. 12 Hex-Copter for Electro Magnetic
Survey.

Fig. 11 ARINC818 system set-up.

Translational (FTT) project, design,
development & certification of FPGA
based IP core 818 as a part of the
international standard RTCA DO-
254 for avionics video and data
widely used in Civil and Defence
advanced display systems was com-
pleted (Fig.11). The development of
mini UAV configured for two major
applications has been successfully
completed in the reporting period.
While Surveillance is the primary ob-
jective of the project, however based
on request from the users, the UAV
is also configured for geo-spatial
mapping applications. Efforts are
on for the commercialization of the
product. Under CSIR’s FTT project
on ‘Drone based Electromagnetic
And Magnetic System (DREAM)’
NAL tame has designed and devel-
oped the first version of the vehicle
with 5 kg payload. Initial flight tests
were conducted. Figure 12 shows
the Hex-copter VTOL UAV designed
and developed by NAL for magnetic
exploration studies. For quick aerial
maps of small area corps using mul-
tispectral cameras, a quad copter

Fig. 13 Quad-copter for Agricultural
surveillance.

has been designed and developed
(Fig. 13).

Contributions to Strategic
Sector

In addition to furthering the indig-
enous development for strategic
sector, NAL’s significant contribu-
tions to major national programs
in this sector have enabled the
strategic sector to achieve self-
reliance and considerable saving
to foreign exchange in terms of
import of high-end technologies
and services. CSIR-NAL’s National
Trisonic Aerodynamic Facility has
completed 1089 blowdowns in
the 1.2m and 434 blowdowns in
the 0.6m wind tunnels during the
year 2018-19. The major users of
the facility were DRDO, ISRO and
CSIR-NAL. For DRDL, wind tunnel
tests were conducted for aerody-
namic characterisation on typical
missile and rocket configurations
with and without control surface
deflections (Fig.14). In an another
significant achievement, two 65 hp
prototype engines were delivered to
the sponsor for the flight trails after

Fig. 14 A Photograph of model mount-
ed in 1.2m tunnel.
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Fig. 15 Control laws successfully flight tested for air-to-air

refueling.

completing the necessary ground
testing and ATP testing in coordina-
tion with RCMA (Engines) and AQA
(Engines). The prototype engines
were meeting the requirements of
the sponsor. The NAL developed
carbon fibre obtained certification
for aerospace grade by CEMILAC.
The Ministry of Defence (MoD) will
be taking up this technology for es-
tablishing 50 TPA carbon fibre plant
through MIDHANI during next year.

CSIR-NAL continued its support to
the ADA’s LCA-Tejas Programme.
Advanced  Composites  Division
(ACD) of NAL continued to make
contributions in the areas of design,
fabrication and R&D of composite
structures. For Series Production
programme of LCA Tejas, nine
sets of Fin and Rudder assemblies
from SP 11 to SP 19 aircraft were
delivered (with production partner
TAML). All seven types of Centre
Fuselage parts were supplied as per
the commitment to HAL. Four sets
of MLG Aft doors with fairings were
also delivered for SP16 to SP20.

Further, the National Control Law
team, with its work centre at NAL,
successfully completed the Air-to-Air
Refuelling activity on LCA Airforce
Mark-1 aircraft (Fig. 15). Air data
system algorithms were suitably up-
dated to suppress the transients due
to wake encounters on the air data
sensors. Flight tests were conducted
to clear the maximum allowable
flight parameters. Further, Control

upgraded
Five suc-

low algorithms were
for LCA Naval variant.
cessful SKI jumps were carried out
with modified SKI Jump mode. The
Structural  Technologies  Division
(STD) at NAL has contributed to LCA
related to damage tolerance evalu-
ation testing of the LCA wing-root
box as a part of FOC requirements.
Further, in the reporting period, the
STD team has significantly contrib-
uted to ground vibration tests (GVT),
flutter analysis and flight flutter
tests (FFT) for the fighter aircraft
upgradation of IAF. Integration of
advanced short-range  air-to-air
store on fighter aircraft was success-
fully carried out through adapter
qualification, GVT, FFT and load
augmentation. Through GVT and
flutter tests necessary clearance
was provided for the integration
of next generation close combat
armaments on Jaguar aircrfat with
a new over-wing launcher (Fig.16).
Centre for Electromagnetics team
has recently developed a software
package ‘SPARCS’ for the RCS esti-
mation of combat aircraft, ships, 3D
structures and its complex compo-
nents (like duct and inlet geometry)
with loading of Radar Absorbing
Materials. The estimation of RCS
is a prior requirement to design a
stealth platform.

Failure analysis and accident in-
vestigation is a continuing activity
of the Materials Science Division of
CSIR-NAL for the past four and half
decades and the activity has been

Fig. 16 Jaguar aircraft undergoing ground vibration
tests.

designed to cater to the needs of the
Indian Aerospace Organisations.
The investigating team uses ad-
vanced failure analysis tools and
techniques coupled with expertise
and knowledgebase developed
over the years to interpret the find-
ings gathered through laboratory
studies, and provide insight into the
primary cause of failure of a com-
ponent or a system. During the
year, 32 investigations involving
incidents/accidents of aircraft, heli-
copters and Remotely Piloted Aircraft
(RPA) were referred to the labora-
tory for investigation by the defence
organizations. In most of these in-
vestigations, the primary cause(s) of
failures could be identified and after
each investigation, recommenda-
tions were suggested for prevention
of similar incidents/accidents in
future. The inputs provided after
the investigations were helpful in
design modifications, improvement
in manufacturing, and diminishing
the lapses in maintenance leading
to overall improvement in reliability
and safety of aircraft.

CSIR-NAL’s  efforts  to
FTT technologies
were amply rewarded when two
Non- Exclusive License Agreements

Team
commercialize

for production, marketing and
commercialization  Multi ~ Zone
Hot Bonder were signed with

MSME industries M/s SAN Process
Automation, Bangalore and M/s
Ajay Sensors, Bangalore during the
year (Fig.17). Both are targeting
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the MRO of airline industries, base
repair depots of IAF and wind farms.

Contributions to

Programmes

Space

The Indian Space Programme has
been ably supported by the CSIR-
NAL Acoustic Test Facility over the
last three decades. Acoustic quali-
fication of space bound hardware
has been very crucial to ensure
the reliability of the hardware and
successful completion of the mis-
sion. Over the last three decades,
ATF  has successfully completed
acoustic qualification of the stages
and subsystems of ISRO’s entire
range of launch vehicles as well as
experimental missions. During the
current year, ATF has completed
the acoustic qualification of the L40
Strapon Nosecone decks of all the
four liquid strap-on of the GSLV
programme. PSLV also underwent
acoustic tests at ATF for qualification
of hardware modifications as well
as the addition of hardware (Fig.
18). During the year, Wind tunnel
tests for space programmes were
also carried out on a typical launch
vehicle model with various strap-on
motors to generate aerodynamic
data towards payload optimisation.

Special Materials and Coat-
ings Development

CSIR-NAL has made significant
contributions in the area of special
materials. The achievements in the
year are truly noteworthy. In the re-
porting year, CSIR-NAL has signed
a non-exclusive license agreement

Fig. 17 Multi zone hot bonder with 12
heater control.

with M/s IPA Pvt. Limited for pro-
cessing of PZT powders and their
products on commercial scale for
accelerometer applications (Fig.19).
The ToT of NiTi Shape Memory
Alloys to MIDHANI for production
of engineering products such as
rods, plates, wires and strips has
been completed during the previous
year and MIDHANI has taken-up
regular production for supply of
various engineering products to
customers on order. Statistics show
that in terms of cost, about 70% of
the NiTi SMA market pertains to
applications for the healthcare sec-
tor. In this respect, the collaborative
R&D work with Sree Chitra Tirunal
Institute for Medical Sciences and
Technology (SCTIMST), Trivandrum
for development of ‘Aortic Stent
grafts’ and ‘Aerials Septal Defect
occuluder’ is progressing well and
is expected to yield good results in
the coming year. M/s Carborundum
Universal Ltd., has successfully
commissioned an industrial scale
tapecasting facility based on NAL's
tapecasting process technology for

Fig. 19(a) PZT Powders, (b) PZT Rings for accelerometer application.

Fig. 18 PSLV components in acoustic

test.

production of ceramic substrates.
Alumina  and
substrates are in great demand for
various applications such as space
electronics, oxygen sensors, ceramic
heaters and solid oxide fuel cells,
which are currently being imported
in the country. Further, the GMR
—IC fabrication was carried out at
magnetic sensor fabrication facil-
ity at NAL, which has a production
capacity of 1 lakhs sensors/month.
Under the collaborative project
with  M/s Jayahsree Electron Pvt.
Ltd, Pune delivery of 1 lakh units of
GMR 1426 ICs will be completed in
2019. Th ICs were delivered in the
form of reel package (Fig. 20).

zirconia  ceramic

Under the FTT projects, sealed ox-
ide layers developed on AA 2024
by tartaric sulphuric acid (TSA)
anodization have exhibited excellent
corrosion resistance for more than
12 months of outdoor exposure at

Fig. 20 Reel of GMR IC — NAL MRA
1426 which is being delivered to M/s.
Jayashree Electron Pvt. Ltd., Pune.
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Fig. 21 Anodized components (AA 2024) (a) complex shape, (b) aircraft step down

model.

Mandapam Camp, Rameswaram,
TN. The Chromic acid-free anodi-
zation process for airworthiness has
been certified by RCMA, CEMILAC
and CSIR NAL in talks with HAL and
other vendors of aerospace/aircraft
industries for licensing of the tech-
nology. (Fig. 21)

Societal Mission Activities

In line with the government’s em-
phasis on translating home grown
technologies for societal benefits,
CSIR-NAL’s  performance in this
area has been commendable.
Under the FTT project, the desktop
autoclave was developed to meet
the expectations of academia and
research institutions in establishing
an affordable, low energy consum-
ing, aerospace grade autoclave.
With a working volume of 450mm
diameter and 500mm length,
operating conditions of 200°C
temperature and 7bar pressure and
an intuitive control system, the user
can develop small size aerospace

Fig.23

10 kW WiSH
Renewable Energy Farm, Kodihalli

system at

Campus.

grade composites. Non-Exclusive
License Agreement for production
and marketing of Desk top auto-
clave was signed with M/s. Milvus
Aero Solutions Pvt. Ltd. Bengaluru,
M/s Lakshmi Engineering Works,
Chennai  and M/s. Datasol India
Pvt., Ltd. Bangalore. First order for
desktop autoclave from IT Madras
has been successfully executed
by the industry partner (Fig. 22)
and few more are in the pipeline.
CSMST Division of NAL continued
the dissemination of 1 kW wind
solar hybrid (WISH) systems to S&T
institutions in and around Bengaluru
and demonstration of 10 kW sys-
tems under LHF program. About
8700 units of energy generated
from the TOkW system was fed to 66
kVA Sub-station, Kodihalli Campus,
CSIR-NAL catering to the lighting
loads at the sub-station (Fig. 23).

In the healthcare sector, a collabora-
tive agreement was signed between
CSIR-NAL and M/s Sutures India
Pvt. Ltd. during September 2018
on the development of electrolyte
formulation for the electropolish-
ing of SS surgical needles. Images
of the polished and unpolished

T

Before polishing After polishing

Fig. 24 Medical grade SS surgical nee-
dles before and after electropolishing.

Fig. 22 Desktop Autoclave for IITM.

biomedical grade SS surgical
needles are shown in Fig. 24. The
performance of developed process
(NALEPSS) is comparable with the
existing commercial process used
by the firm. Bath replenishment and
effluent treatment procedures have
also been established and training
has been given to M/s Sutures per-
sonnel on the entire process.

R&D Performance Indica-

tors

The R&D performance indicators of
the laboratory during the year are
noteworthy. CSIR-NAL was awarded
39 new Sponsored projects costing
Rs. 26.26 crores and 17 Grant-in-
aid projects costing Rs. 25.51 crores
during the financial year 2018 -19
from external agencies. NAL's exter-
nal cash-flow was Rs.69 crores with
Rs.33.23 crore as LRF generation.
The contributions from the govern-
ment and PSUs constituted about
95% of the external cash flow.

The year witnessed signing of 34
MOUs / NDAs with external agen-
cies, the major ones amongst them
include: NDA for GE102 Engine
and 70-90 seater commercial air-
craft programme with GE Aviation,
New York, NDA for design and
development of 14 seater com-
muter SARAS aircraft with Israel
Aerospace Industries, Israel, and
NDA for exploratory project to
define the technical requirements
for project related to building a
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regional aircraft in India with M/s
Goodrich Aerospace Services Pvt.
Ltd, Bangalore. MoU for carbon
Fibre technology with M/s Reliance
Industries Ltd., Mumbai, MoU for
technology demonstration of a
tactical UAV with NAL designed
25-30 HP engine with M/s Kadet
Defence System (P) Ltd., Kolkata.
Collaborative agreement on de-
sign, development and certification
of Hansa-NG with M/s  Mesco
Aerospace Ltd., New Delhi. The
year witnessed increased in IP port-
folio by submission of 4 new patent
proposals. Also 2 Indian patents
and 3 Foreign patents were granted
during the year. The total number
of publications was 258, with 115
journal papers and 143 conference
papers.

Leading in Technology Transfers
and Collaborative R&D : CSIR-
NAL recognising the national need
and long term self-sustenance of
the publically funded organisations
by forging industrial partnerships

for collaborative R&D, transfer
of technology through license/
transfer of know-how, creating

and nurturing technology start-
ups to promote entrepreneurship,
and identifying the external re-
sources for leveraging prototype(s)
development and technology de-
ployment has formed the Business
Development  Group(BDG) to
oversee these activities. During
the year, NAL was leading CSIR
laboratories with licensing of eight
technologies to twelve industries
with a cumulative license fee of
about Rs.10 crore. These technolo-
gies will also fetch royalty varying
from 4-10% depending on the
sales of the product by the licensee
using NAL’s technology. The major
ToTs include: Desktop Autoclave
and Multizone Hot Bonder were
transferred to 5 MSMEs, licensing
of DHVANI & ABHIAS- a Electronic
Target Systems for marksman-
ship training to BEL, Bangalore,
Industry Grade and Lab Scale

Autoclave to medium industries
M/s KRR Engineering, Chennai,
and M/s UCE Mumbai, licensing of
tape casting process for production
of alumina and zirconia ceramic
substrates to M/s Corborandum
Universal Ltd., Hosur, licensing of
PZT powder process technology to
M/s IPA, Bangalore, etc.

Further, the collaborative project
with industry on ‘Risk and Cost
Sharing Model’ has also been initiat-
ed for major programmes; Design,
development and certification of
Hansa-NG with Mesco Aerospace,
New Delhi, and Development and
Certification of Avionics/Alternate
Display Product using NAL's ARINC
818 IP-Core & its Customization
with M/s Paras Defence & Space
Technologies Ltd, Mumbai. In the
societal front, collaborative project
on development of electrolyte for-
mulation for electro polishing of
stainless steel surgical needles with
M/s Healthium MedTech Pvt. Ltd,
Bangalore.

Participation in Aero India: CSIR-
NAL participated in the Aero India
2019 ‘The Runway to a Billion
Opportunities’. Apart from success-
ful flying display of NAL's aircroft
SARAS and HANSA, our laboratory
also displayed its latest technologies
by putting up a brilliant exhibition
stall.  CSIR-National  Aerospace
Laboratories (NAL) showcased RTA
Simulator, Composite parts for LCA
& SARAS, Desktop Autoclave, Multi
Zone Hot Bonder, Scaled down
models of SARAS, HANSA, CNM5
& RTA, DRISHTI & AWS systems,
ABHIAS for Marksmanship Training,
65 HP Wankel Engine, Special
materials and Surface coatings
etc. Many dignitaries like DG,CSIR,
Dr.V.K Saraswat, Memebr Niti
Aayog, Dr.Sateesh Reddy, SA to RM,
Dr. K Sivan, Chairman, ISRO visited
the NAL stall during the event and
highly appreciated the efforts of
CSIR-NAL in indigenisation of stra-
tegic technologies. The CSIR-NAL

participation was widely covered by
the press and media and the tech-
nologies and product displays put
up by NAL at the stall showcasing
the laboratory contributions towards
‘Make in India’ helped in spreading
and strengthening the brand image
as a premier aerospace R&D labo-
ratory in the country (Fig. 25).

On the honours and awards front,
the year 2018-19 was quite sig-
nificant for the laboratory, ACD
Team has won the prestigious JEC
Asia Innovation Award 2018 for
‘Innovative Skin Rib Cocured Carbon
BMI Composites’ and also won 7th
National award from Ministry of
Chemicals & Fertilizers, Govt. of
India for technology innovation in
petrochemicals for development of
co-infused and cocured fully integral
wing interspar box using the VERITy
process. Dr L Venkatakrishnan
Head, EAD was elected Fellow of the
Royal Aeronautical Society, UK, Dr.
R Guruprasad, CCADD was elected
as ‘Fellow of Engineering Research
Council (FERC)" from the Open
Association of Research Society,
USA, Mr. B S Shivaram, ICAST
has been awarded “Best Librarian
of the year - 2018” in special li-
braries category by Department
of Public Libraries, Government
of Karnataka. Mr KS Anand
Kumar (Electrical Section) and Mr

Gurupadappa  Motagi  (KTMD)
received the Gandhiyan Young
Technological Innovation  (GYTI)

Award for the Loco-pilot Vision
Enhancement System - TRINETRA
(Third eye) for Indian Railways un-
der socially relevant innovation from
Hon’ble Minister for S&T at Festival
of Innovation and Entrepreneurship,
New Delhi. | am happy to specially
mention that in the diamond jubi-
lee celebrations, NAL's Women
Scientist have brought accolades
to the laboratory. Dr.Sujatha, MSD
and Dr. P Lathshree FMCD were
felicitated at Aero India 2019 as
Women Achievers in Aviation for
their significant contribution to
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Fig. 25 VIPs visit to CSIR-NAL stall at Aero India 2019 DG,CSIR, Dr. V K Saraswat and Dr. K Sivan, Chairman, ISRO with
Director in the stall.

aviation sector. Dr. Manju Nanda
was awarded “Significant Women
Contribution Award” by Computer
Society of India, Bangalore Chapter.
In addition, many scientists of our
laboratory have been won other in-
dividual/group awards, appointed
as editorial board members and
reviewers of national and interna-
tional journals, received best paper
awards etfc., | congratulate all of
them on their success.

For all the achievements of the lab-
oratory | would like to acknowledge
and sincerely thank the support

and cooperation of members of
the Research Council, Divisional
Scientific Committees, Management
Council of CSIR-NAL, DG-CSIR,
and staff of CSIR Head Quarters,
New Delhi. | also acknowledge the
support received from our various
stake holders; DRDO, ISRO, DGCA,
ADA, HAL, Air HQ, ARDB, DST,
DAE, Defence Services, MOoES,
IMD MoCA and others including
international bodies for continuing
to repose their faith in us and by
sponsoring several R&D projects.
Much of our achievements have
been made possible due to efforts,

cooperation, advice and confidence
shown by these agencies.

Finally, 1 also believe that this
Diamond Jubilee year will be a time
to give thanks for the great advanc-
es that have been made since 1959
and to look forward to the future
with clear head and warm heart as
we join together in our celebrations.

Jitendra J Jadhav
Director
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@ Mission

Development of national strengths in aerospace
sciences and technologies, infrastructure, facili-
ties and expertise.

Advanced technology solutions to national aero-
space programmes, fighter aircraft, gas turbine
engines, defense systems, defense services,
launch vehicles & satellites, and space systems.

Civilaeronautics development (from 1994 ). Design
and development a small and medium-sized civil
aircraft - To promote a vibrant Indian civil aviation.

‘ Mandate

NAL’s mandate is to develop aerospace technolo-
gies with a strong science content, design and
build small and medium — sized civil aircraft, and
support all national aerospace programmes.
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Research Council

Chairman

Dr V K Saraswat

(former Secretary, Defence R & D)
Member, NITI Aayog,

New Delhi

Members

Shri R Madhavan

CMD, Hindustan Aeronautics Limited
15/1, Cubbon Road

Bangalore 560 001

Dr C G Krishnadas Nair

Hony. President, (SIATI)

Aeronautical Society Buildings
Suranjandas Road, (Off) Old Madras Road
Bangalore 560 075

Dr P S Goel
Dr Raja Ramanna Chair Professor

National Institute of Advanced Studies
[ISc Campus, Bangalore 560 012

Dr K Sivan

Chairman, Indian Space Research Organization
Secretary, Department of Space

Antariksh Bhavan

New BEL Road

Bangalore — 560 094

Dr Sanjay Mittal
Professor & Head
Department of Aerospace Engineering

Indian Institute of Technology Kanpur
Kanpur 208 016, UP

Chairman
Mr. Jitendra J Jadhav, Director, CSIR-NAL

Members

Management Council

Dr Girish Deodhare

Outstanding Scientist

Director, Aeronautical Development Agency
Bengaluru

Dr. Kota Harinarayana

INAE Satish Dhawan Chair of Engineering
Eminence

Flat No. 401, Sree Rama Spandana,
Chalaghatta, Off Wind Tunnel Road
Bangalore 560 097

Prof. Santanu Chaudhury
Director
Central Electronics Engineering Research

Institute
Pilani 333 031, Rajasthan

DG Nominee

Prof. Harish Hirani
Director, CSIR-CMERI
Research Institute
M.G. Avenue
Durgapur 713 209

Permanent Invitee

Head or his nominee

Planning and Performance Division
CSIR, New Delhi

Director
Shri. Jitendra J Jadhav
Director, CSIR-NAL

Secretary

Dr. J S Mathur
Head, KTMD, CSIR-NAL

Mr K S Anand Kumar, PTO, Electrical Section

Prof. Harish Hirani, Director, CSIR-CMERI, Durgapur
Dr G N Dayananda, Chief Scientist & Head, CSMST

Dr Sudesh Kumar Kashyap, Sr. Principal Scientist, FMCD
Mr R Venkatesh, Sr. Principal Scientist, KTMD

Ms Anjana Krishnan, Principal Scientist, NTAF

Dr S R Viswamurthy, Sr Scientist, ACD

Controller of Finance & Accounts, CSIR-NAL

Member Secretary
Controller of Administration, CSIR-NAL
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Major R&D Discipline

< Computational fluid dynamics % Aerospace materials
< Experimental aerodynamics < Aerospace electronics and instrumentation
< National Trisonic Aerodynamic Facilities < Civil aviation
< Flight mechanics and control < Parallel processing computers
< Propulsion % Meteorological modeling
< Composites < Wind energy
% Structural design, analysis and testing < Manufacturing technology
% Structural dynamics and integrity % Information systems
< Surface modification % Electromagnetics
NN

8 % Collaborations and Interactions

\&
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S&T Performance Indicators
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Human Resource Indicators

CSIR-NAL Manpower over the Years
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Financial Performance Indicators

CSIR GRANT IN 2018-19 (Allocation in Rs. Crores)
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