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Maiden Flight of HANSA - 3 (NG)
03" September 2021




Setting-up of mach33.aero @ CSIR-NAL

'Launchof MACH33.AERO
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Report of the Director

The year 2021-22 continued to be
a difficult period due to Covid-19
pandemic which largely aoffected
the world as well as our country.
Despite the challenges faced by our
laboratory during the pandemic,
| am proud to say that CSIR-NAL
continued to make remarkable con-
tribution towards S&T development
in aerospace, strategic, health and
social sectors for the nation. The col-
lective effort of the laboratory at all
levels has made the achievements
and contributions to newer heights.

On successful mitigation of the
Covid-19 pandemic in the past
year by our laboratory, it is my
privilege to present the Annual
Report of CSIR-NAL for the year
ended 31¢ March 2022. The report

Fig. 1 |Integrated Avionics Flight
Control Computer hosted with BMS
application.

summarizes the significant con-
tributions made by the institution
towards the technologies developed
and the development programs of
the aerospace, strategic, health and
societal sectors. | take this opportu-
nity o acknowledge the efforts and
contributions of the entire CSIR-NAL
team responsible for the outstand-
ing output of the report.

Major Highlights

During the period 2021-22, the
major emphasis of the laboratory
activities were in the areas of flight
testing towards type certification of
Hansa-3(NG) aircraft, High Altitude
Platform design, Multi-copter UAV

certification, detailed engineering
& design of Saras Mk Il, etc., Saras
PTIN aircraft was maintained as
airworthy evaluation platform and in
the later part of the year, indigenous
‘digital’ Brake Management System
(BMS) with Saras Mkll concept was
implemented and Taxy trials were
started. BMS is highly robust Brake
BY Wire (BBW) electro-hydraulic
braking system to achieve efficient
braking for civil aircraft applica-
tions. (Fig. 1).

The major achievement during
the period was the successful
maiden flight of Hansa-3 (NG) on
3 September 2021 after obtain-
ing special flight permit by DGCA

Fig. 2 Hansa-NG Maiden Flight on 3 September 2021.
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Fig. 3 Hansa-NG at Wing India 2022, Hyderabad.

(Fig. 2). The 20-minute sortie saw
the first prototype of the Hansa-3
(NG) attain @ maximum altitude
of 4,000 feet and a speed of 80
knots before it made a successful
touch down. Further, the aircraft
has successfully completed the sea
level trials at Puducherry between
February 19 and March 5. The
aircraft was flown to Puducherry,
covering a distance of 140 nautical
miles in one and half hours at a
cruising speed of 155 km/hr, on 19
February 2022.

CSIR-NAL has successfully participat-
ed in the Asia’s largest civil aviation
event Wings India 2022. The event
was a giant step taken by CSIR-NAL
to reach out to industries and stake
holders in furthering the ambitious
“AtmaNirbhar Bharat” programme
of the government. Hansa-3 (NG)
was the main attraction in Wings
India (Fig. 3), Hyderabad during
March 2022. Successful six (6) dem-
onstration flights were performed
apart from 02 ferry flights to and fro
Hyderabad. 10 aircraft orders were
received during the aviation show.
CSIR-NAL has already received
more than 80 Letter of Interest (LOI)
from flying clubs. The initial produc-
tion will be initially taken up in the
existing facility till the engagement
of private/public industry for setting-
up regular production facility.

Saras MK Il (19 seat Light Transport
Aircraft) Fuselage with Interiors,
Cockpit, Cabin and ECS System

has been showcased at Wings India
2022. (Fig 4). The display attracted
huge public as well as business
visitors and | am happy to share
that ICATT Health Solutions Pvt. Lid.
has placed LOI for 2 nos. Saras
MK 1l for air ambulance applica-
tion. SARAS-Mk Il is a 19 Seat Light
Transport Aircraft with multirole
capabilities like Passenger trans-
port, Troop transport, VIP transport
and Casevac (Air Ambulance). The
aircraft is exclusively designed for
operations from short runways, hot
and high airfields, and semi-pre-
pared runways for connecting Tier 1
and Tier 2 cities/towns. SARAS-MK
Il is one of the unique aircraft where
operational benefits are maximized
through the Pressurised Cabin,
Digital antiskid braking, Autopilot
with Cat Il landing, two lever engine
operation, Lightweight materials
etc., keeping cost minimum. During
the year, high fidelity simulator,
anthropology studies, preliminary
design review, wind tunnel testing,
in-board layouts, nacelle design,
FEM structural analysis, sub system
weight optimization, efc.
for Saras MK Il are completed.
The detailed engineering has been
outsourced to private industry for
first time in the country and this
indigenous design & engineering
initiative has resulted in significant
FE savings. As part of facility crea-
tion, an OAETB (Open Air Engine
Test Bed) has been re-established.
The innovative design engineering
like 3D platform, virtual reality,

sizing,

R2 Report of the Director

Fig. 4 Physical mock-up of Saras Mk Il Fuselage with Interiors,
Cockpit, Cabin and ECS system.

model based engineering, PLM etc.,
are used to cut down the design and
production cycle time.

The laboratory has also showcased
successful formation flying of NAL's
multi-copters; NAL- Agri, NAL-Med
and NAL-Geo on all four days of
Wings India 2022. The payloads
that were carried by the drones were
medical box weighing 10 kg, un-
derslung magnetometer weighing
5 kg and an agricultural pesticide
tank 20 L capacity with motorized
spraying nozzles (Fig. 5). The above
technology has been transferred to
four (4) MSMEs during the event
for production, marketing & after
sales support. NAL team has also
successfully  demonstrated  the
fully functional display of sub-scale
High Altitude Platform (HAP) ot
Wings India 2022. The HAP is be-
ing designed to fly at an alfitude of

Fig. 5 Formation flying of drones at
Wings India 2022, Hyderabad.
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Fig. 6 HAP display at Wings India
2022, Hyderabad

22 km and for a time span of upto
90 days. It will be an ideal vehicle
as a “pseudo satellite” with higher
performance, lower launch cost
and the added flexibility of being
equipped for a re-launch. The flight
demonstration of the sub scale
HAP is planned during the second
quarter of 2022 and it is expected to
operate at a cruise altitude of 3 km
to address integration issues and
flight data for control. (Fig.6)

The reporting period also witnessed
successful  field  demonstration
of Covid-19 vaccine delivery by
NAL Octa-copter drone from
Chandapura PHC to Haragadde
PHC at outskirts of Bengaluru (Fig.
7) and from Jammu to Sub-District
Hospital, Marh (Fig. 8).

During the reporting period, the lab-
oratory has partnered with M/s Bhor
Chemicals, Mumbai for the indige-
nous development and certification
of carbon fibre prepreg. A carbon
epoxy prepreg manufactured has
been thoroughly characterised for
its mechanical properties. This data
generation exercise was a big boost
towards qualifying a novel indig-
enous composite prepreg system
for aerospace applications in the

Fig. 9 Inauguration of mach33.aero.

Fig. 8 Covid-19 Vaccine delivery near International Border. (a) Taking-off from

IIM Jammu (b) Delivery of vaccine at SDH, Marh, Jammu.

country. Towards supply of com-
posite parts for the LCA program by
production partner TASL, a total of
35 shipsets out of 40 shipsets were
successfully delivered to HAL.

| am happy to inform that long
standing efforts and pursuance of
CSIR-NAL has resulted in obtain-
ing in-principle approval from
Department of Expenditure, Ministry
of Finance for two mega projects
of CSIR. First, in-principle approval
for setting-up the 2.5 m continuous
wind tunnel has been obtained and
pre-investment studies towards DPR
are initiated. Second, CSIR has also
received in-principle approval for
feasibility report and PDP phase of
Regional Transport Aircraft.

The noteworthy achievement during
the period was setting-up Country’s
First  Incubator  “Mach33.Aero”

for Aerospace Start-ups as an ini-
tiative of ‘Start-up India” Mission of
Government of India. Mach33.Aero
was inaugurated on 22" December
2021 (Fig. 9) is the collaborative
effort of Social Alpha, an initiative
supported by Tata Trusts, along with
National Research Development
Corporation and  CSIR-National
Aerospace  Laboratories  (NAL).
The Incubator Mach33.Aero  will
develop a support eco-system for
nurturing start-ups in  aerospace
and allied engineering housed at a
dedicated state-of-the-art centre in
the CSIR-NAL campus in Bangalore,
with a vision to expand its reach to
new geographies in the future.

| am very happy to highlight that
CSIR-NAL has achieved the first
ever milestone in its history of earn-
ing External Cash Flow of Rs.130
crore during the year 2021-22. |
congratulate all NAL staff in cre-
ating history in generating over
Rs.100 crore ECF for the first time.
During the year, NAL has trans-
ferred two (2) technologies to five
new industries. Further, the existing
ToT Partners have received many
orders for Autoclave technology,
DRISHTI Transmissometer etc., to
the tune of Rs.28.46 crore, one

Report of the Director R3
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Fig. 10 AS 9100:2016 Certification for
CSIR-NAL.

of the highest orders of commer-
cialization in any financial year. In
yet another notable achievement,
CSIR-NAL, CEL & HAL have signed
the tripartite agreement for instal-
lation of indigenously developed
NAL’s DRISHTI & Aviation Weather
Monitoring System (AWMS) at HAL's
New Helicopter Facility, Tumkuru as
part of 75" Year of Independence
“Azadi Ka Amrit Mahotsav”.

Another important achievement |
would like to mention is that CSIR-
NAL has successfully implemented
and certified for AS9100:2016 stan-
dard on 27" August, 2021 by M/s
Novo Star Management Systems
Solutions India Pvt. Lid. (Fig 10).
My hearty congratulations to entire
CSIR-NAL team.

A gist of significant contributions
encompassing both civil, strategic,
health and societal sectors are pre-
sented in my report in the following
categories.

Contributions to the Civil
Aviation Sector

The year 2021-22, saw CSIR-NAL
continue its contributions to further-
ing the development of national
aerospace sector. Team CSIR-NAL
continue to build the organisa-
tion as a high-technology oriented
institution focussing on advanced

Fig. 11 Saras Mkl aircraft (artist’s impression).

disciplines and delivering tech-
nologies and products towards
“AtmaNirbhar  Bharat” National

Mission of the Government. One
of the major achievement has been
the successful maiden flight of
Hansa-3 (NG) in September 2021.
During the period, significant ef-
forts were made towards the design
and certification of Hansa- New
Generation (NG) aircraft with the
improvements such as glass cock-
pit, advanced fuel efficient Rotax
912iSc engine leading to better
aircraft  performance (increased
range and endurance), optimized
airframe, electrically operated flaps,
IFR compliance, improved cockpit
ingress-egress,  better interiors,
ergonomics and external finish.
Steerable nose wheel will also be
implemented shortly. Developments
in NMG involved solutions to tool-
ing, manufacturing, assembly and
series production of the aircraft.
These developments were aimed to
ease manufacturing needs for series
production. Structural test articles of
wing, fuselage, vertical fin, horizon-
tal stabilizer and main landing gear
(MLG) were manufactured. Design
limit load tests and Ultimate load
tests (except wing) on structural test
specimens were completed success-
fully. Main landing gear has gone
through static strength tests along
with limit and reserve energy drop
test. Indigenous LRUs like Engine
Monitoring Display Unit (EMDU)
and NAV/COM development is in
progress and certification by DGCA

R4 Report of the Director

for installation on Hansa-NG air-
craft is expected by August, 2022.

Saras MK-Il design activities are
progressing well and post PDR
meeting was held in January
2021. Aerodynamics configura-
tion (Fig.11), Layout studies, CFD
studies, Wind tunnel testing and
evaluating of 6 DOF model in
simulator are completed. Wind tun-
nel tests were conducted on 1:20th
scale model and 1:6th scale model
to get adequate data. As regards
to detail design and engineering
of Saras MK Il, preliminary design
of the landing gears was carried
out and the detail design of ar-
ticulated configuration for MLG and
telescopic configuration for NLG
with dual stage shock absorbers are
under progress. The major mile-
stone achieved in the Brakes and
Wheels was the successful comple-
tion of Delta- PDR and preparation
for CDR. For ECS system, the major
milestones achieved is initiation of
indigenous development of ECS
Control System, Identification of
fully Digital CPCS system which
is  Commercially-off  the-shelf
(COTS) equipment and various
failure studies have been carried
out and estimation of minimum
required fresh air flow rate. CSIR-
NAL has successfully developed
and tested the indigenous Digital
Brake Management System (DBMS)
for the first time in the country for
civil aircraft application. Integration
and Demonstration of the BMS



Fig. 12 NAL Octa-copters configuration

software versions 2.0, 2.1, and 2.3
on SARAS PT1N have been carried
out successfully. An extensive review
of design of complete airframe
was undertoken by a specialist
Design Review sub-committee in
January 2022 and was cleared for
detail design. System requirements,
specifications, system architecture,
performance analysis, implementa-
tion layout studies were completed
for ECS, CPCS, LSS and De-lIce sys-
tems. These are being developed at
public/private industries as Tier-2
suppliers. Nearly 300 detail design
drawings of the mechanical flight
control system have been prepared
for stress analysis. Towards the indig-
enous development, the laboratory
has successfully designed Primary
Power Distribution System (PPDS)
with digital control and advanced
sensors. Integrated Avionics and
Flight Control Computer (IAFCC)
hosts Autopilot, Flight Director, Stall
Warning and Protection System
(SPS), BMS, ECS, USMS and Central
Maintenance Computing (CMC)
Function. The Autopilot (AP) and
Flight Director (FD) functionalities
of IAFCC are designed to be certi-
fied for IFR & VFR operations and to
provide CAT Il compliances.

Aircraft Prototype Manufacturing
Facility at NAL carried out the
indigenous manufacturing of air-
craft components, metallic tooling,
wind tunnel models, certification of
various subassembly and assembly
jigs. The major projects carried out
include extensive manufacturing of
Metallic components for Hansa- (3)
NG aircraft, wherein over 5000
airworthy components were manu-
factured apart from Sub-Assembly

i
ey

s (a) Octa-Med. (b) Octa-Agri. (c) Octa-Geo.

and assembly jigs, fixtures, tooling.
Additionally, components pertain-
ing to Saras aircraft programme for
Simulator, Engine Test Bed, Throttle
Quadrant Box assembly, Arfificial
feel unit, Fuselage Interiors etc.,
were completed.

NAL’s UAV Division had focused on
the translation of NAL Octa-copter
Drone into a product. These drones
have also been configured to suit
multiple applications for societal
needs. NAL's Octa-copter Drone is
capable of carrying payload of 20
kg for a duration of 20 minutes.
However, for longer duration ap-
plications, the payload is reduced
suitably. The three applications en-
visaged are (a) Emergency Medical/
Vaccine Delivery (b) Agricultural
Spraying and (c) for Geophysical
Survey applications. Model based
design of the autopilot control laws
lead to the robust controller has
been achieved. This has enabled
the Octa-copter to be suited for
these varying applications. Figure
12 show the Octa-copter in flight
with the three different payloads.
NAL Octacopter can also be config-
ured for the last-mile deliveries such
as food, postal packets, human
organs, etc., in the emergency.

Drishti  Transmissometer  and
Automated  Weather  Observing
System are serving our nation for
manifold years. One Hundred plus
Drishti Transmissometers and five
Automated  Weather  Observing
Stations are performing their de-
velopment mandate at numerous
International  Civil Airports and
Indian Air Force airfields across
the length & breadth of our Indian

geography. A State of the art in-
digenous augmented = Weather
Observing system, NAviMet
(National Aerospace Laboratories
Aviation Meteorological) System, is
shown in 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 stra-
tegic sector to achieve self-reliance
and considerable savings to foreign
exchange in terms of import of
high-end technologies and ser-
vices. CSIR-NAL’s National Trisonic
Aerodynamic Facility has completed
1478 blowdowns in the 1.2m (868)
and in the 0.6m (610) wind tunnels
during the year. The major users
of the facility were DRDO, ADA,
ISRO and CSIR-NAL. During the
year NAL has successfully installed
Fig. 13 NaviMet — indigenous AWOS.
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and commissioned new Wide-
Angle Diffuser (WAD) replacing the
55-year-old WAD of 1.2 m tun-
nel. The installation work was very
challenging due to the size of the
component and the required tunnel
axis alignment accuracies.

CSIR-NAL continued its support
to the LCA-Tejos Programme.
Advanced Composites  Division

(ACD) - NAL has made contributions
in the areas of design, fabrication
and R&D of composite structures
for the LCA programme. As stated
in major highlights of the report, a
total of 35 shipsets out of 40 ship-
sets were delivered to HAL by NAL's
production partner TASL. The labo-
ratory is actively involved in the EM
design and performance analysis of
LCA AF Mk-2 Radome towards criti-
cal design review (CDR). Under the
control laws development, design
of Unified Version for LCA Control
LAW (CLAW) of single seater and
trainer aircraft was completed suc-
cessfully and functionality released.
As regards to Automatic Take-Off
and Landing (ATOL) activities on
naval version of LCA aircraft, devel-
opment of full controller and Mode
Transition Logic for ATOL demon-
stration, implementation and pilot
evaluation in DELS was success-
fully completed and functionality
released.

Towards contribution in stealth tech-
nology, a multi-layered FSS-based
RASORBER has been designed with
a transmission characteristic within
the band associated with out-of-
band absorption. The FSS-based
Rasorber  showed  transmission
characteristics in X-band and ab-
sorption characteristics from S-band
to X-band w.r.t. -10 dB return loss.
CSIR-NAL has been recognised as
the coordinating centre for stealth
material development. In collabora-
tion with CSIR-IMMT, Bhubaneshwar
developed a novel monolithic RAS
technology. The laboratory has also
developed RAM paint trade marked
as ADRISHYA with very good EM

absorption properties. This radar
absorbing paint provides a 10 dB
RCS reduction over a curved surface
in the frontal sector. The developed
RAM paint has passed all the envi-
ronmental & structural tests.

Further on the strategic sector con-
tributions, for the IAF Aircraft, GVT
based Flutter Analysis and Store
Separation Studies were carried
out. As a first step towards total
calendar life (TCL) extension studies
on military transport aircraft of IAF,
defectation analysis was carried out
on the data provided by IAF. Failure
analysis and accident investigation is
a continuing activity of the Materials
Science Division of CSIR-NAL for the
past four and half decades and the
activity has been designed to cater
to the needs of the Indian Aerospace
Organisations. During the year
2021-22, twenty-nine investiga-
tions involving incidents/accidents
of aircraft, helicopters and ground
equipment used for defence aircraft
were referred to the laboratory for
investigation by the various organi-
zations like IAF, HAL & MoCA. In
most of these investigations, the
primary cause(s) of failures could
be identified and after each inves-
tigation, recommendations
suggested for prevention of similar
incidents/accidents in future.

were

Towards contribution of indigenous
technology for the strategic sector;
Micro Gas Turbine (MGT) engine of
50 N thrust has been designed and
developed indigenously as shown in
Fig. 14. The engine mass flow rate is
around 0.25 kg/s with exhaust gas
temperature of around 820 K. The
engine is intended to power high
speed UAVs and loitering munitions.
The MGT was tested for its design
speed of 100,000 rpm producing
thrust around 53 N. The engine was
run with internal bearing lubrication
circuit using a mix of Jet A1 Fuel and
lube oil. The critical components
of the engine are manufactured
through Additive Manufacturing.
The laboratory has undertaken
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Fig. 14 Assembled MGT.

development of technologies for
Wankel Rotary Combustion Engine
(WRCE) which include improved
wear resistance coatings for the
trochoid housing and side housings
of the WRCE by thermal spraying
process, development of a method-
ology for the health management
of the WRCE, research studies on
engine noise analysis & reduction
and starting system for the WRCE.

Contributions to
Programmes

Space

The Indian Space Programme has
been ably supported by the CSIR-
NAL's Acoustic Test Facility (ATF)
over the last three & half decades.
During the current year, ATF has
completed acoustic qualification of
Test Vehicle Base shroud (Fig.15),
as part of the crew escape system
demonstration The
S2V, vented inter-stage of the Small
Satellite  Launch Vehicle (SSLV)
with the instrumentation decks was
also requalified after some design
changes were made in the decks
to reduce the vibration input to the
sensitive packages mounted on the
deck. ATF also carried out a detailed
study on the brackets used inside
launch vehicle stages to mount
acoustic sensors used to measure
acoustic spectrum during flight.

programme.

Further, force and moment meas-
urements on a scaled model of
typical Gaganyaan ascent vehicle
were carried out in the NAL's 1.2m
wind tunnel. Since it is a human
rated program, it was planned to
test similar configurations in various



Fig. 15 Test vehicle base shroud (upper
+ lower).

wind tunnels to verify data consist-
ency and repeatability. The data
comparison of CSIR-NAL 1.2m
tunnel with other foreign tunnel
was reasonably good. Structural
Technology Division has taken up a
project on aeroelastic clearance of
the launch vehicle in various config-
urations to experimentally clear the
vehicle design from transonic aero-
elasticity in order to ensure the safe
flight of the vehicle from transonic
to supersonic regime. In the first
phase, the team has successfully
completed the design, fabrication,
instrumentation, ground and wind
tunnel testing of a 1:30 scaled aero-
mechanically simulated aeroelastic
model of ‘Gaganyaan-Test Vehicle’
configuration and estimated the
transonic buffet on the vehicle in
terms of dynamic bending moment
distribution.

Contributions to Special
Materials & Coatings

CSIR-NAL has made significant
contributions in the area of spe-
cial materials and coatings. The
achievements in the year are truly
noteworthy. During 2021-22, R&D
work was carried out for develop-
ment of process methodology to
fabricate NiTiPd high- temperature
SMA wires with targeted austenite

-

Fig. 16 Trivalent chrome passivated
Zn-Ni coated NCM steel disc.

finish (A) temperature of 200+20°C.
The fabrication process involved
hot working, cold wire drawing,
intermediate annealing and shape
memory heat treatment. The de-
velopmental work was funded by
M/s General Electric India Industrial
Private Limited. NiTiPd SMA wires of
diameter 250 um were processed
successfully using multi-step  hot
rolling and cold wire drawing op-
erations with inter-pass annealing
ot appropriate stages. CSIR-NAL
has technologies for processing of
carbon fiber as well as C/SiC com-
posites. These in-house technologies
were used for the development of
C/SiC brake disc for applications in
CSIR-NAL’s own aircraft programs.
3D-C/SiC discs (Stator and Rotor)
are made with aerospace grade
carbon fibre with different fibre
architectures (3D and non-woven)
through CVI. The dynamometer tests
were conducted at RCI, Hyderabad
and discs are found to withstand the
test conditions with lower coefficient
of friction.

Zn-Ni plating (Ni:11-16wt%) as
an eco-friendly replacement for
Cd has been developed using an
acidic electrolyte. The corrosion
resistance of the coating was further
enhanced with ftrivalent chrome
passivation. The protective coating
has been developed on NCM steel
with a thickness of 1122 um. A 40
litre plating facility was set-up and

plating trials were performed on
discs, ‘S’ shaped specimens, sheet
specimen, etc. The plated speci-
mens (Fig. 16) have qualified for
the adhesion, composition, thick-
ness, lubricity in terms of coefficient
of friction, corrosion resistance,
tensile strength, fatigue strength
and hydrogen embritilement tests
as per the AMS 2417 standard. A
production level facility has been es-
tablished and CEMILAC certification
is in process.

Indigenous development of narrow-
band oxygen sensor for automobile
application: India has realized the
need to leapfrog from Bharat Stage
(BS) IV to BS VI emission norms due
to the carbon footprint obligations.
To realize the giant leap, it is going
to be mandatory for automobiles
to be fitted with oxygen and NO_
sensors. These sensors are based
on ceramic packaging technol-
ogy and use alumina and zirconia
green tapes that are fabricated into
packages termed as oxygen and
NO, sensing elements. All the oxy-
gen and NO_ sensors are currently
imported in the country. CSIR-NAL
has embarked on the indigenous
development of oxygen and NOx
sensing elements in collaboration
with  M/s. Rotary Electronics Pvt.
Ltd. CSIR-NAL has designed and
fabricated the narrowband oxygen
sensor that can measure air/fuel
ratios between ~14.0/15.0:1. The
fabricated oxygen sensor has exhib-
ited performance equivalent to the
commercial oxygen sensor and was
found to be compatible with vehicle
engine control units (Fig. 17).

R&D Performance Indi-
cators and Technology
Licensing

The R&D performance indicators of
the laboratory during the year are
noteworthy. CSIR-NAL was awarded
30 new Sponsored projects costing
Rs. 51.14 crores, 9 Grant-in-aid
projects costing Rs.12.53 crores
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Fig. 17 The narrowband oxygen sensor.

during the financial year 2021-
22 from external agencies. NAL's
external cash-flow was Rs. 130.05
Crores, a highest ever in the his-
tory. This year a total of Rs.283.74
crore CSIR grant (excluding central
administration grant of Rs.100.85
crore) was allocated to the labo-
ratory by CSIR and thus the ECF
earnings stand at about whopping
46%. | am happy to share that the
total LRF realized is Rs. 75.56 crore
for the year 2021-22. Thus NAL is
progressing well in realising CSIR
goal towards self-sustenance.

During the year, NAL has licensed
two technologies to five industries.
The major ToT include licensing
of NAL's multi-copter drones to 4
MSMEs namely (a) Magicmyna,
Coimbatore (b) CINT, Ahmedabad,
(c) Scientech, Indore and (d) Bliss
Aerospace, Bengaluru, and licens-
ing of radial bump foil bearing to
(e) Turbo Energy Pvt. Ltd., Chennai.
During the year CSIR-NAL has
received license fee & royally of
Rs. 2.84 Crore from ToT partners.
Further in the current year, total
value of orders received by ToT
partners stands at Rs.28.46 crore
showing the good progress in com-
mercialization of NAL technologies
by the industries.

Even though the year 2021-22 wit-
nessed frequent lockdowns during
Covid-19 pandemic, it has gener-
ated signing of 40 MOUs / NDAs
with external agencies, the notable
ones amongst them include: agree-
ment signed with M/s Reliance
Industries Limited (RIL), Mumbai

for Carbon Fibre, with M/s. TATA
Advanced Systems Lid, Bangalore
for exploring the non-civil market for
commercialization of HANSA NG
Aircraft by making suitable changes
as per the customer requirement;
with  ADE, DRDO, Bangalore for
development of Fiber Optic Sensor
based Structural Health Monitoring
(SHM) Technologies, with Larsen
& Toubro Limited, Mumbai for de-
velopment of Large Rigid Radome
system etc., In the reporting period,
NAL’s IP portfolio increased by fil-
ing of 5 new patent proposals and
5 copyrights. 4 Indian patents were
granted during the year. The total
number of publications was 162,
with 102 journal papers and 60
conference papers.

Honour’s and Awards

On the honours and awards front,
the year 2021-22 was quite sig-
nificant for the laboratory, major
achievements are:

e NAL won the CSIR-Diamond
Jubilee Award 2020 for ‘Successful
commercialization of indigenously
developed state of the art composite
technologies for series production of
LCA (Tejas aircraft)

e The Advanced  Composites
Division received partnership rec-
ognition award from Advanced
Defence  System-  Navy, BEL,
Bengaluru in recognition of sig-
nificant contributions in providing
goods and services to ADSN-SBU

e Dr. Sivakumar G, Principal
Scientist ALD, received “Certificate
of Honour” conferred by IEEE-
Bengaluru Chapter & TIE for the
exemplary contribution in the devel-
opment of indigenous instruments in
the field of Aviation Meteorological
Instruments

® Dr. Ramesh Sundaram, Head
ACD was elected Fellow of Indian
National Academy of Engineering
(INAE)

e Dr. N. Jagannathan, Principal
Scientist, SID was awarded Prof.
Chintakindi V Jaga Rao Medal for
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best academic performance, 2021,
[1ISc, Bengaluru

® Mrs. Vineetha Joy, Sr.Scientist,
CEM was awarded IETE - IRSI Young
Scientist Award

e Dr. Hema Singh, Sr. Principal
Scientist, CEM was nominated as
Senior IEEE Member by IEEE APS/
MTT Bengaluru Chapter.

In addition, many scientists of our
laboratory have received research
and association fellowships, identi-
fied as subject experts, members/
senior members of prestigious
societies/institutes, 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, 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, MoES,
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, | wish to acknowledge and
thank all scientists and other staff
members of CSIR-NAL for their
continued commitment towards the
growth of the organisation.

JITENDRA J JADHAV
DIRECTOR



@ 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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S&T Performance Indicators
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Financial Performance Indicators
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Dr. S K Jha, CMD, MIDHANI & Team on 09" Sept., 2021

Shri. Amit Banerjee, CMD, BEML & Team on 16th Sept., 2021

Dr. V K Aatre, Former SA to RM & DG-DRDO on 23" Feb., 2022
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