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CGlimpses of Jigyasa Events at CSIR-NAL
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Glimpses of One Week One Lab at CSIR-NAL

Inaugural Session .
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Glimpses of One Week One Lab at CSIR-NAL

One Week One Lab
Scientist-Student Connect 2023

mmm-mmm—mhwwmwmmmd new.
‘and Scientific Social Responsibilty (SSR) of Scientific Community and

Jigyasa, a student - scientist connect program had been implemented by the Council of Scientific and
Industrial Research (CSIR) in collaboration with Kendriya Vidyalaya Sangathan (KVS).

“JIGYASA" Is one of the major intitive taken up by CSIR at national level, during its Platinum Jubilee
Celebration Yeer. CSIR is widening and deepening its Scientiic Social Responsibilty further with the program.

/| The focus o this scheme is on connecting school students and scientists to extend student's classroom leaming
muwmmmmnmmmmmmm

! ('"!"l"“ "‘ ie i




ST HumemgeR 3 ve IRaT ST YE ufRoma
3R IUWRRAT BT SATERY P §U AP "I B Th
TNl BRIHH BT Sy FAM, HITHSASHRIPIT aferieed
TRINTRITETY (TGS R -TAUCH) = qidrees [ SR wrenfirat
& & T 30 TUTT & 1Y Th S5k HRA DI 3HR o 8 30+
INGH $I IR} G- & (AT 39 HRIHH BT IHAdgad
Tara faanl a¥ 2023-24 & GRM, VTHSASIHR-TALTS =
3T TRAMAE FH YR HT AR faan, &% drenfifasal &1
IJHAdYad [dbr R ATgurieRul a1, AU Widsm &
T o SiR ST § A1a S & Heted far

T 31 AT 2024 ' TATG 817 a1a IY & forg Trewans-wAuea
oI I NUIE TRgd H=d gu =M 81 X1 31 I8 fafda sifaa
YR &t o fage ok tienfiat & I @t fo=m & gardt
TARTRITAT o1 T IUS SRR BT Joher 31 H 9 arfiier Ruid
I TDIIRIA D b o7 X HTHSMER-TTULA URAR Hi St
T 3R THUT P I=IAT BT §

Heayul fafaferai

TN 2023-24 H BTS UecIcgs WehiH Hawhd gU-Taud (HAP-
SS) & d-Thd AlSH  Ihd IS HiI off T3S 3R-TLTT
& & 1 Td yfaegdrait &1 gmmr 8 | HugegR-uued St
P THE Iuaier § &ty uRag argar - uRare aRuTsT
TR B FHY TR G BT, WIS AR RO e FaRIE
F TR WSS AR-TAUCH Pl §1-3 (NG) T THION U ST
3R TRY Mk || HRIHH & Agayul Wi iR s I iR
I & & IUDHHI DI B3 I3 T AT A g

NUGMEINR-TATNT F 3d YW Hrdpar o Tt enfiest
ISl B R IR b §lg, ga9F oy F ol d9 W
UTHESR-TACA &I Waxl URIffeal & UaxE 3
T T UG HrGY, JEl HTHSSIAR-TAUEA A SOt

TRNffeal o1 Uex far, 7 & deRe | Smifia T I
U YANTRITE BTAHH, 73 [t H ST WIS AR RITIAT
ooy TARIE, 75 fowch & s waRHfesa Tmgdt 3t
S F1 SIRTPT THeH SR gexreme H o faw sfean
2024. YITYIMEIR-TAULA & TId W g T Afaaal 3
T fram| gaft Smigen! A PUTSTER-TATLT & HRA-Hid
RN [aTa Tl ST WIeT1 i1 SFigs! § $8 UqE 3
YR & W1 19T, A e Ud Ui w0, meres
F YU IIF TAGHR AR FTHAE R F TR |

i '\ 3 ,(i
; ‘\4 | A i s
T332 TRl fead @ gleleT 26 fddag, 2023 @ DGCA
gTeT SIUeT3{T831Te-TUaTUes bl €15y YHTUTIS &l qell

HeTIMS3T2-TaTCU o Ufdfcsdet 3 SUT3Sae &b
FgIfoicerch o &ref 8iied ab HlololId ereeyld

R1



GIEnfoich! it

TR T & 7 HgeissR-uAued
F U SIHH § I Wl g3l
39 aY g4 -3 (NG), IR Mk II, &g
uRaed argaH (RTA) 3R S= HarE
aTel B9 SUUE TAUUITH (HAPS)SThHI
A UaeRie Sudem gk @t T
Rren-ifr-Ren TR @t Wenfiet
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& &F H, SANHEAT SFIFHAT SHET,
T TORIRH YT T Icdre, Tguf e
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21 BT & IET HT Udl A &
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DI UM, Hifd YR WaeH BT T0MAT, 3R
SR YaT UaTdr & 1Y wgEfers o
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7| fSoTcl & Sied & gR&f & forg Fre
BER Yafad @ied (@uwmeiR) /
PR A AT Il wR yifa wem
fg

IRY Mk 1I, FeR TR & AdI-aH
ANGT AR ST (NMG) BT I
g1 siftrprals @Ra et (@ uwma)
3D Hfdkad uRare & fau I
TADIT ST TR FRA & e
RS G & 1Y Th AT-TR
WUHES W1 T IUART HRSb foba
T 3SH R uRYHU IR
fa&ur, fda g, MUt D107 1 HSTgd
B o o R UaTg Hivfidr sieg
3R il fET R aRa™ &t gt
fUfq aret argom & Afere argrfae!
DI JHFH & T HUBS! fazeivr fovar
T UT| IS UY R I B ( AU
DI & Y ISH T aGIH & SHRAR
¥ & B g fa=ierdr SR i gfaumaf
BT AT B & forg 140 ffera Bre
fagsii & wry fadfad gus TSt Rgare
(DDES) ot faram 7|

IR Mk || TTeR Wi & fafia gaikied,
e R@¥ed (LRU) 3R g gz
yunfer} & UeRH 3R Hrafdd e
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g UgW Suafert & ¥ us 80% b
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TR IF YTl I8 YaTeH Well 9 4
I Ra al-diaR Yicd dgia died & Y
T fohaT TaT| ARY-Mk || B Safacedd
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e IR0 3@ R 5 Y oA
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T dF Faifdedd YR <, Li-OIaiR
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T $oM T SR TR 8 9 I &b
fore W=l ¥ u ¥ faeiya fafem-sme
il BT HexiE gedid |

& ufvag arga=

RAT-90 THS BT WEAHD
feomgq, fawowor ok SH@pen oo
7| Hifd HR WaeH dfed WgEie &
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faguur 9, o6, fawaar gEaie
3R BT MEOdT BT SFTHM T
T

¥ ¥ RE HTH-IN gR-freferct
HUwE) T BT I b RAT
F Ul T & AiSd &1 AUS TATHD
ez forar a1 Feafer SR afas
el & BR &1 & fow Huwst
Rrgae ¥ ergeed ok fommeres fRRar
a1 IGANT b 11 7| U fawqa
AT fIReNor 5 Aolgd GUadRul & &l
P UgaH A R IPIfAE T ¥
P A, fide R Halar & &
fSore & # "eg @1 it o
Tag SfaRral & Y qof dum SRety
ifafd &1 eregge fear e sifaw
BT BT IR 1T A&7 Joi, Forad
iz wfdd, ot &1, Wl UuE SR
Ty g e gyra it € e
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35 f&ult Taig & W1y 3RET-90 famH W
A ga1d fqavur iR ¥raems Y &1
IR b SIS FaTg e<d i fwan
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Y & SR TS aRdfdd AR Hidbiue
Tids-3q T fmtor fasa mar| Hies-3m o
®3 AdF Iu-yonferar =fire off, et
IR 3REIT & e &1 718 | I9d
fe ok TR, AfeeE ok AR
SR & e I s Uigl & Lfadiag
F WY THIdd 6T 7T §, S Th JgR
FSH BT U UG BT | SHb e,
Jla, UdT deid iR ISR Usd SR
e ded ¥ Afhd 39ge & Iy
PIDHUC BT FTs-SG-IR fewa uree!
&I RGP ST BT GSIeT I[uradm P
TEUN | Hipiue § IR Wiie, garg
IR STy, sofdcwd, TR Tulc, -
faur Iu-yonferat & ferg feaor wnfire
J| gg Iuarft faue Se1 & e iR
TexH, aoF SR Adad, S T
afe SRt gfaret oA A & fom
TF AR Fage o ¥ ot gufsa
YT| e THET 7 RET URTSHT aR0T

F TR & U § U Hfod TR HWRR
(CAC) faTrd famar

I TS aral B9 e (ot
U9 HAPS 3R 37U 90N -

HAP-SS)

U 3R &fas g (@a &) BT e
3R fazawor Teagel YR Amar & fae
Jwadgad 1 fear mr ok Rfdw
fda gdeml & mem ¥ T e
TN RU-THUY SR fEAur gagl &
e geat & Wi SR Sifes fafesan
oo &1 gaigaE e man e
TS SHolt aivy ps famiid
fopar |

Ul U & HRA@ SHoll Yeed 3R
faoret gomelt guadiey) & e
SHfeeaT, fadT 3R 3{Th-argH uiemor
fbT T THUT-THTH TR R Uh
IR wredfees (Pv) Smuika ol
IdTe YUe R &t 718 81 Welesy
BT WTHSATSIHR-TALTS H STHA Tteor
fear m e R TRAfe®d e
W (@SR, gt ¥ 9hadgad
TS uteror forar | foetelt vomer A
3BT WeRH far 3R 3o SifiidedHr



Ie=al & I fpam IR O & gufsa
urdiey gone 3 fauE @Y 85 B 9
3T THY dF IS HRA T HerH 1|
ISH-THEUT F ERE, T 3000
Hiex 31 sfmad o TR 3 TR |
w7 ISH Wiemn &t B3l o
Thaagde g8 &t g, foras yra ureit
3R A gaTeil F BRI I TGTS 3R I
R AR

HITHAEIR - TIUE & FRfAeD
Huw el IR & fafte e fRufaai o
RU-THTH & A BT 3T B &
forg frafora forar o, o favanfea
TR 3R 39! fRRAT 3R Fpe-yfir
fRuferat & forg fisror faioamt enfiye off |
foTe & A1y HREHT TuE SR ISR
IR FRRM 3R Wit 3R fecfias
a0 gl &1 guTERiaar W eaE
forar T | ST aRE F ST gUT &b A
W g R i fey U

T BpH B g Agvdet § J e
iR - R (Riew) g
HT fFRR YR B1 IS Wi ¥ uga,
R &1 IuaNT gud! urdel & uiiférd
F SR I IsH Wawh & fog TR
P P foru fooar mar ut1 Is e
F dIE, TE & R U WG
fadiepl @I gal ReRE  gikomdr
I 3} 1S 3R R Aisd B 3y
foram |

Ha Ifgd argaH

TN 2023-24 T SHA-AT 2024 F GRA
WA & ISH G fhar w31
3ol & IRM W ¢h-3ih, fhas-
fa ore & Tpaur, Wi AfdRE A,
AfET e o Fshror iR W dfen o
fafrsr oS wearuH for Ta | Hutfad sifaw
SudieTel & T o-wi- valia s
TRATfad g1 3O foRmd & oY ad
BT, SfFeTHIPR A 3T JHSIHE H=H
BT 3oy feam 10 framm TuR a o
3R 30 fife &t I8 & fod Wewd &1

Zigzag Foam

Aluminium landing gear
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I 39 Y & GRM TRT HRb Tarid
fpar w11 ugel foRA IeH AR &
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200 Hier ®1 g qg B 3R od e &
S HeId gU TS diide drand o T8
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IHR® &= | aeE

YA SHR-TATCCA 7 YRA & GHARD
& # 1ff aver iU 71 Hiwsmssm-
TAUEE AR SR a1t gaT faem™
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afa wrht & fEomea SR fmior &
Igd Wfhg §1 31 I8 T4 B 91 § b
LCA-STE Mk 1A & SEdTEG SdTEd &
fore fowmeiargs (@luAss) I goH &
AT & fon MafIe! gwidaRur (ToT)
IR R gy wRANCHN fafics
P Y gHIER fPT T | LCA F -1
Rar Al &1 fEemga iR faer
¥ o TRy ¥ A g (Em)
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TP SfATAT, P AT STURUNSA &
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Mk 2 Aied & Sfed Qfbfsd umm &1
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HEgq Hide TRHUE (AMCA ) T
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SR X1 8 1 59 Y & SR fafe s a
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fo=argl & FEzu gagl W e\
A9 S faRy udtemr aee SR firs-
YTRE W&T 9 Yot (GVT) o fasiy
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3 feoe gfaurst & faw s ura

TEAT 3R Fafdd HET BT IRATHD
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Inner Skin

Co-cured Outer Skin

Carbon-BMI Co-cured Outer Skin

Carbon-BMI Inner Skin

Engine Bay Door Assembly for LCA-Tejas
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‘Wire rope —pulley
arrangement

Radome shell

S-Type Load cell

Hydraulic actuator

Actuator Mounting
Flange

Loading Device for
applying Y and Z loads

Test Rig

X-directional
Load application
strap
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3BT Yfaerstt &1 9 YA W IudT
forar | U diuaens- e et
aifeorgr yomeh @ feedteges SoifiR
@ g ©w # feur,
fowRra, umur iR Udiea fear m
SRuauy gfaur w1 I 38T YT
3R THA-39-&-WTs Rywaiaren ¥ gad
Ridfew faoH Rey & urade i
¥ for off fosar mar | LcA R famE
7 W= faAM aR® SMSuATE-fasid
R JHAdYdD AfST 3R Th-3HTh (@U/
WD1-SiY) B Tara- fearl I9d fsforea
fiRM $YR & A Mk 1 IGIH B
R8

Ugal S8 A/ 2024 T THAdad HY
| LCA Mk 2 & Ch-3{ith & forg ==
fafyr &1 gedie qu o ugdc! & Ay
I gl

FTYATEAHR-TATLA 7 LCA Mk 2 3R
TuRiT fauH srfeal & fau SIRe
T4 U8 ¢ (SMEIRTH, framsa =
a1 Red (@HTSsguE), R 3R
TR a1 RflR (SRES=gsm) S
TS W HT IYANT TR dg-aed
Sfb/wgeH & o faftrs weiiven &
T3P TR 3o TNy T SR @81 39
URTeT ¥, THUSSYUY & folg U og-
e ¢ veiiven el fasar ma
IR T e FsRES (GNN) 3nemia
Tg-A& ¢ TENRGH BT SUANT Hres
gars aedl SR BT frsal & ta-

Az vs El - B scope

=0 -0 a0 a0 A0 o 10 m 10
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gicelTfotch TevIlfdGat bl UL hadh
gc5epT I 3iTbTer THTTH dlertT o fov
[AATs S DI ¢ob bl Yafafaor

3Rt &g et o1 e fobar T |
Rgeie arararor & utg frrge anfesif
fafy fosfa fey Ul SleReiet &
IRAfd® SR HT IWNT &P 8
arfesif faftr & wru gt el 3
&g fHTT TETIRYT Y HI=gaT € 7T |

3afver srdhd & IRIEH

2023-24 & ERM, YITHIMESR-TALTA
9 URd & Sfde HriwHl H Agayul
areH  faan dewsseR-uAued
SR & YAUU IH & IaHE RO
3R 3Iu yunferdt F fawrEd SR
3SH TSN @iHe Tvadl H ISP
Al UaH i1 HTHSMESHR-TTINd
A T URAE0 IH - § Ty ey
@I @S AgTgRT fhan| U foh v,



2HCH3ITS3Ie-TalCU J eqfaieh Heauasdl (F14) -L40 SONC
Gdterur @ dgd I9Tetedler Gelerur alel egifaiep gdiefor
& Tgby YuTes]

HTSTa-2CE YEITUT &TeT Alses 1.2 Hiee &1 i SITfGd fabaT 1T gl

a9y s d wiaang gRT AfHd Te Bic
JWIE U I & SfR-Fd W @M
U&7 fbT U1 HITHSAESHR-TAUT A
STTHUSd]-UI8e 14 & L40 Tfaaife
$& 3R LVM3 €32 Eex-¢h aRul T i
TRY&rT foba |

THIE g&uu g9 foa & fow
RIS AT Tl & Th
YT & ¥ H, G0 g9 W Z™IAD
% P JHH, AFI ¢S Alg argH-
T 3R Siequadied 3 T 3R
% Ty Red R U8 % & e
e e by e |

Rl & dga, Ry &0 9 srd-
g 3R Tfawig uiewal & dgd ged
JUUE WRTATHD UG BT Jedidhd Hel
& W 60 forammy 9of & g&H IWIR
¥ Usd IS HISH R YIS HUT
i uRiefur fobu TTq )

2023-24 & GRM, HUHATSIR-TTTCA
TR F TWHIH HRHH & e AFa-
Y¢S YA UM 3R F Hisd R TH
foxga uaifie S &1 te fAelt o,
A whTsRee U1, fAifie s g sifirdea
3R I Ryd fpw e wao g fa=ma &




foru argrfaeta sfirqemfiexor of faar
el

e TUFT A A 2.25 Rufadt iR fagd
g oA Yalg &R 6.6 - 11.0 Uy
JHs 3R FA dUHM 1550-1700 K &
1Y SHR- ATl g3 we BpHoic
(DFS) Ggdd &1 WANTAS Heidh
fopa|

faiy uerd ik du= & areH

IS SHR-TILES A fady yarf ok
A & &7 H Hgayul aneH fear gl
FIE-WIZR ATHUH-fawry mfafafirat
I Uifde YR SR faaRur & Wiy
Jdadl Sgad & YAV W FHgd el
o BT ST Hiet Tlel RO Ufshar
¥ ofradal/emyddl oMU 3R
RGB! THTIT S Ufghar AISst &
JUTEl &1 S BT TR | UTfh e
@) PR & Frygdad! giferR &
forT SiferwT=y SiTUTfaes I e Ured oA
¥ fou yRt S @ IRafd faar
T | IUgH HIEH [qard § gaq &
e, UiferR &1 STHTE 1Y H §TeR FHaTem
¥ U8d SR& e & &8 WOl &
A famar ey FRR BRSR
Hals & [T SIA-W! FHas S9 A
H b [0 BEeR Parg &7 H Fde
JUHRT 3R ST TEHR A Pl IJaAd
T T | i s & AT gamaT
dq HII-YRAT THEUdl U &1 TS|
fafiret Refema srural &y fafi ard
a1l & ded Blad BISeR B RR
IR gd-wEHRS T & fau fafm
UfohaT S fhl U | FIE BIReR
TR s Ria w=a & e fofh 3@
F Y WRNBRY F TN fby Y |
TRIY-US Tt o &1 JarT=mar
F U9 W TR 3R Geais- faar T
Mo o & oy w@e=it sglebaria
TUTRR I SR FTSTY BT ST fama
T 3R I U BT Te0r o
I8 W Hid & HeHHUT ATIH Bl 206-
R10

215 f&3ft ATy ok 1w st = 160
oot Sfcag 1 I # uefia fean

HTTHESR-TTued # fawerar faseror
3R gHeaT S fUsd uid gxa! 3 Th
Had Tafafy W@ 7 SR ATHSEIIR-
TUUE &I S99 =] U g1 U8
Tfafaf YRdtg arg 1, YR TR,
fegw TRHIH fafties, Semetait
TETRITEnstt 3R AN Iga T
@S & M gden &g &g
@E3TEH) B Al B G IR @ 7
2023-24 H fauM wesf/gdest ¥
St 27 Tieot Bt Jia B TS| BT
ol #, gedl/gdedT & UTdfiie SRt
@ UgIH P T 3R AbYM F forg
Ryt gas w21

AP d-99 R Tdg IN718 & forg Th
fyffya I 3R 200 & I & dTOHH
& fog Sfd ofafiy a-ra & Iy T &
IR R UH g4 foban T | dfes
TR SO & &g Bel 3R age) 3Rl
T 550°C ¥ 700°C &1 THT & ATIHM BT
3fYT BT §, SUMIY HIY SadTd R
JHIRAY TG & YT BT LT B &b
fore 39 I & By geor T« MU |
Y ¥ g1 Il & @iy a9 TR

Uloilsesiaredh felor-Tised] e3Uef o aref
Zaceft &9 & fdpidd Sol dbe (=4
gT)i

fmfor fvar mar iR srEAHHieR wRieron
& 31 fopam T | ugemEsR-Tued
TETrRE-meaaie didiems (-cvi)
gfohaT gRT FRAR BreeR-yaferd Rifire
ey Haifvre @) o fawla =
TeT g1 Furdt S ST BEeR vaferd
fferepT srafss Afead (c/sic) Haifere
3o fqQUsH HORAT (220 MPa.m'?) &
PR O I doHE SEYERT &
fo Y8R ged 3R I &RUI-TREYS
UfeRYY | SEaT/aToEE gRad= & Qe
Y07 F fRR o1 3R ¢/C HUlfsie Bt
T B dgeR I dTIHH it o7 3R
SHTRfH0r vfeRtYy & SR I @t
digh fomr sieb fgvep srgorai o ferg +ft

O D! fABAdT & GHTGAT BT HH B
o Hg@yul YA AT 81

fred 2 TR # HusmEeR-TIeed
7 HIET BIER 3R C/SiIC Y B
fsean & faw Uit faeRia &1 & |
HTHSMESR-TTUCA & M PrishH
H g & forg Sifiid SR
WAl &1 ITENT FA S T A
Ueh BIUehH b e, C/SiC i [$%b b
faf & fou e faemmes fafaf
YE DI TR | C/SiC HUINSTC Bl IW—D
g Sfa:xde (CVI) Ulshar & J1eEH ¥
famfyd fasar T SR G- Al
1 SfaERfad 3R sifidemiga &t 78
| TqUreH H U Y ! & SRR WG |
TP TG C, /SiC WeR AR AR &% &1

g U ¢l HH fafmAior g ara
(40-50%) ATl C/SiC Ul sHM &
for @ Rifoe sia:wed EaTysns)
DI & Y WK I-CVI BT YA
FA Al gIRfoe Ufohar SUATS S gt
B SOR-Ufed ufasHr & ded,
I ofor duifsie Urgde faffies
(@fidiTe), gaxmemE gRT MY e U
Iaad e Wdtens ok o= Y™
orTt & wegw ¥ dUR fear T c/C
Huifce ®1 ddrems-gaa R
FEES (SiC) AfedT & Y CIC-CVD &
1 T TON SR fTafiemRor uferly &
JUR & o &9 &1 Fu= foan ma o1

SURIY ¥ YURT TR0l S 390 &
Y #, A B D TR e



D FBHR Rifler & Fead Ted
& mem ¥ [faeH TReRe 3 @
gofifR areht o ufafda fear mar |
A (Sum) favayor 3= aromH
I XS SITART & T Arad- -
Fgad RifeA AReEe u8st &
YT BT Tobd e g

THSMEHR-TTCLA I Gl Gl
¥ IARFT IR TUIE AT & forg
e SR FriEd uerdf & e W
B IR QT 81 aiaRer gerif w e
TS iAo H, CSIR-CEERI & WgaT
TAACIS UE BT IUI M PR 1S [oRPIHC
TecHe (PZT) ¢U & T Thidd HH
AT aTel T8-S R (LTCC) &
G BT BT faa T IUR & 91
JEARH ST o 5| HTHIATLIR-
ISR GRT S1yfef 1 77 Tt
i siftreremfipd @1 11 gRemh Tl
IR ® & |

ACHSMEIAR-TIE  refifeTeiSy
TIRTSS (PVDF) TRITRHTE
JUeRT & fAH o Ted S @
21 37 IUBRON F RO BT gor
OF®  MEMSTRICRIER,  Oite
37111113050 9 &Y T3 | AT} A
B (ADA) DI IR &
TR TRICRIHICR UGN & DR
P 20 mm AN F GSTHR 12 mm TN
33?@1%25.4 mm J FeTH 17 mm
A & forg I=fRra fopa mar SR T Ui
JUEHUN DI LCA T TRI&0r & forg TSie
I g fear |

HTH3ESR-TTud | fas R ufsear &
TS TR TR & & 19 Y,
ST e} e sxaiaRur e
& B ¥ H Ugel IR HTHMEIR-
TACA H “UISll MEMSTRISER & forg
SV Fg' RIfa faar ma g, o
I UfohaT Bt ISR Pl &M T4
FraRer SARfEH SN & forg g
MEMSIIE S Bq 3R ST Bt JHH

LCA & 3T Yidisow vagceiHlee
392Ul &bl aadie TSIT ol ddl g

IBY B MIRADBAT BT W IR & oy
g o udel! fore Iwd & Iared 8
TRNfB BT UfehaT TUTR0 BT ] 1

AU fafafiat & Tey §, Fuasmem-
TIUUT PI I &7 & e Uit
BXITGRU, THIUA 3R BRIEHD HIfeTd
faemra # meayl Sudfsr giRE A
# U I%a a9 @1 DGCA 3R QAAD
(ATESAEIR-TIC)  GRT TAIRUI-
%d  <Red  TerERe s
THISTZITH (ETHT) Ufcha & SrgHle
W, 39 UihaT BI AT -3 (NG) °Tdh!
R 1 fear mr g1 difers sfiemgs
WA ¥ (SOFC) RITa-Ia daveite iR
TH-TAST dud & o I & Iy
ALY gL W FHER fhT TN T
YT SficHiaRd SR RIS 3
¥ fore 39 YR drenffeal & fawid
HA A AR B

g IgEH H WA B9 ad
FIRAHS Hifte RIS THsEoRA
@ty o & ufaRmd & w9 #
TaRU-3HA RS GelIRd
RIS THISRYRA (CTEY) ufhar &
sEaaT 3 fRwm & dugeremR-
TAUUA §RT DGCA HI Th I U
(TTUTS/THSNSI/EHI-3/048) TR fobar
Tl DGCA 3R QAAD (TTHSESR-
TUS) ¥ 3fgHIGT & 16, §1-3 (NG)
gh! R AT THSEWIRA Uishdl R
B M g1 WTHSMEIR-TIEA Cro
gad BiHc-gad dH-IRd fduE due
quTell gad TAIfS® WRd, T hide-

_ As-loaded 1 year of outdoor

exposure

TUT-91123 3112 1-qHe 313ecearar
TaRTglvs eff-c5ae B3ue faleed ol
aadiz

I TR WA R uidigen @)
Tiqedic & JHUHRUN T YA HR G
21 39 gey ), faftw aagiRie ®u
Jud Hive-gad TRl R Iaae #
HITHIME RTINS b G arga
FRiHH H IuINT fHU 9 a1l cTuple
& Y Hiefdg Y ISP R W
D e fby Y | S, faeimaes
gfeRIY, 9 UfRlY SR dext THH B
TioRlY S TRiem &1 e @ & o
adlequr b U fafte shide-gad urgRI
T ¥ TP aIfIfas UTSHR &1 UG a1
YR ¥ dgR U 17| Ry = 9,
Taf & dEd U & I dH-WRg
gonferdl = 2500 °¢ F 3HfU® 3.5% dCRI
T& W TR0 (e @117) 3R
T8UH, IMYRY, AHEHg & 9% ac R
199 & ST UG I Fg foba

TH IYN-URIRT gRasHT 8§, THR
Rren ¥ feefdio-ged ok wwftd
e ufafear o @A & fom
3qeed qEie (1) & WY T R
dled (longitudinal biasing - LB) fa=ma
TUERREY (GMR) 1A & IUIRT
forar o | 39 yafue &Y Wex-s fey
T4 600 nm CoCrPt HIET fthed Rt s
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(dien) &1 I9ANT Hb Tegy fodr |
WWWW (Permanent Magnet)
& 3T GHIHT & URUIMRIEY TRH
% ¥ RRR &Y 3 0e ¥ 0.4 Oe TH
$4 foar T

HTHAEIHR-TCCH A HTHIMEIR &
fore wegrifm firy e1g (@ 2024 SR
HIe BIEER aferd iferR (Ut 3R
IS¢l R TH YHd Sga=H e aud
faefd 1 8| TTud gRT s Rid IRy
PTIN IO & o ¥ Fdaq ard 4u
& BRI TGIH & TIAAT IR AT
¥ & o B Tl Sraifedd TR BT WA
HA o o0 39 AU o1 dew™ favan |
yid SgARH U AU &1 di-teaRE
FATa¥T gifthare SRATAY, Aftrars I
e fosar A |

giaRe Ter &R @t fie A
URISHT & ded, fedns ieigRas-
HYRG  YREEGHITD DI,
AR didfiSum-anuid urexif
JREESHING iR TA-3meRim
AU fIBld B 751 YURBISSIBITSD
AU & g JIT W AT TH 3R
IRIGHT 3T QT AT F Il Iaar
2 & gweRIwIe AuT dmr wd
F pqur § T &1 HRUT § o R
YY1 HH B T B

TS &3 | aRTg

JACRd B! UR WRBR & AN 7
IR SeIfad o HTHSESR-TAITa
GRI IPT R & gy fAeRid ok
Fauriied foar T 81 e, Sexdl
IR 39 Ide H USSR afdmor
TREE =0 F aid FA & G B
TG BT e 37T SR § o161 39 3G
¥ 1T ue faunet SNk Aive 81 SR
i, STe IR HaHed STeRid, Hiedr
ot & Fwore Uieu & §lG, Saard
B! AR 2023 & TR WTHIASIR-
TAUUd & 99 4l a9 A (SNSsqgaiiud)
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REE & Fed WR Fde F GRH
FugeMEemR-TIuud & IdE & *U o
gHiferd fasar TR | SieeRd 3dTG A Al
Hifgar &1 wm emeffa fhar ok &%
TS &R T H UHIRId ga|

AR SdIG Al B Thadl R
b §1G, dTE P T A H R
T Uad 3 3o gt gg ot @l
B B o oY HITHSAESR-TUTe §
U fomar , St IAST Al U &1 Hid
7| el Hrfier A, sftart gefifafie
e o1, fafies 7 @ Jaed &
BT H AT 3R Ths! § tha Ul | &
WRUAAR 3R HaT gl fen| 39 UhR,
SdaRd A WS oid el & drdbd
& fo gae & g oo amar SR
U gifed B 21

gAY ud faem g
o TN R

HTHSAESAR-TACA 7 U STHUH
IR faom ugw Fwed gEeiE
@Utemg) SR 3ot Tt wrenfiifear
3R IATET & ATTIRABUT § SRR
3BT GOl faT 81 39 a9 JRINTRIAr &
fou drwsmEeR gRT $a@ 3. 351.65
FRIe  UUYIMEIMR  3IEE  (116.00
RIS ¥Y & Hald YR 3FEH i
Bred) 3Mefed fvar mar | Fegsmgam
& P gaH | ¥, I Td b
RIS & T 95.07 FRIS ¥U8 ARY
Mk 1, §H1-3 (NG), 3188 TIeTs
el edze (HAPS), &g uRkaes
fqam @1 uRasFT aRU (PDP-RTA),
TS TR RIS (MLP), disd
YR SFHYH (b Ted uRAISHISH &
form) FBR), Sire Ao gREsH (FTC),
BRE ¢ AT (THELCT), 3R WRE
% AEUEIERU (FDC) RTINS &
PIGEC

¥ 2023-24 F CRH TTIMIIR-
TIUEA DI 44.05 HRS ¥0T P AN

areit 21 7S YA uRASHS 3R aredt
TR T 4.43 RIS I DI AXTG aTait
5 3 Werdl Wi uRaeHg e
| 9§ & R TASRUG IdGT 71.52
PRAS IT TG 3R 17.96 HRIS IUY HI
g gl

TG IV P GRM S Jual/AHRT
T IR, YIS MR -TATTS = THIHT
5.86 RIS FUY & I ARAY Yeb
F Iy IR I P grd Wil
H1 A4y faar| $Hd srerrar ar Y #
At HATIERT gRT U SHTS3T &1 Pl
T 1420 RIS T A G |

¥ & ERM, TANTRITAT = S18st Tofm
(44 TP iR 6 =) & I 50 Mo/
TSIT R &R fPY | 39 9y asl
cwifer # gfs ¥t T8 Fifd 9 AT
U TRATa (8 YR 3R 1 fadzh) wegd
T MU 99 F ERM, $d 19 YR Uce
3R 1 fae=h 9% vem fy MUl THH
3{TET, 1 HIURTSE 3R 1 T8HD off Te
fopa |

HegeMEsm-tAudd 4 2023-24 &
R THUHSESR (ASIR) & Pl |
R Juaterr ot gifa &t 11 af
2023-2024 % SR 10 B! &1 g3 faar
T | 3 BE A W-AR it Fiaifean
R R foraT § 9IR 3 B &l diea gl |
T foan |

W 3R RIBR

T 2023-24 TANTRTET & forg Igad®

W|mm®m=ﬁ%€§ﬁa@'%
Sl w9 & aff &1 25 T 2023 PI
SRS ThsSfr  Bikiq,
SRS g, | et o
TRES-SIeReIsH uRareFrsi o
IFT ARTGH o [ AT & Tt
&t oY 8 R REBR|

3. YT T IRIaaR ol 18 fodar



2023 & AME IR WSTR ¥ AR
Ud & [RWR |

@ & sum A fewE RRAe
IRe], oNIRaE, PHIadrd
BT SR I e IFyar & fog
1. TR ¥ AHINTd RO, - 19
fadaR 2023

TS, ST LR, 2024, ST
fawm  omgomsuesh, ST,
TR Hdl gified I SfEar
(Young Achiever) 3[ATS -19 ST
2024

S &. R1d $AR & 25-08-2023 HI
TR SifalT & &3 ¥ Iy
T 3R U Iuafay B
AT H $TSC i g § 4t
dl I GRIBR 2023 |

S 9dH ot &I 27 JH 2023 Bl

TECIe 3T REe, Ixd, URd I
o TRfida REsR|

Sl g Rig @1 29 WA - 3
A 2024 & GRH faxmEUgUH
T MEIfSd IEEE WAMS2024 o
SOl # Afgeny, SRR Ipear
REPR|
ST, ggan ot &I 8 RydeR 2023 HI
NG P ISTUTd &t RE A
T ¥ fonem @ias @1 ufafyd
TRIARA R |
b Al THRI TANRICn H $s
el 7 SgEyE iR THREEH
BAIRY U i 5, forg fova faxiws,
gfaffd SRS de/
AT F THIRT & Yewl/aRyg gew!
¥ ¥U § UgdHI T €, 39 Afd/
UE @R od &, JUGH a8 &
Hewl & wU H fge P T §l iR
P SR SiRfSTa ufiwTelt & Trferd!
HI Y9N TR REBR 3fe o gul &
3 G Y 3B THAdT IR 9UTS ST § |
Hrogamgem-TTued &t gt Iuafemt
¥ fou & orgdur uRwg & Jew,
PUFATEIR-TAUCE Pt yae uRwg,

ol-TirwamrdamR ok Hegemgsm
e, s el & wHaal &
T 3R AN B WIHR AT 3R
SAFGR! ¥ ¥gaTe o1 aredl § | & AR
faftrsr fRauRe! ¥ ura wqdT & off
WHR I §; SIRSISM, T, DGCA,
ADA, HAL, TR T, ARDB, DST,
DAE, &T ¥aTd, MoES, IMD, TH3{{TT
IR sfawg Mol afRd e= Bl
AR emarell # g0 W oy A
3R FF Y - fawr  uRaremrsi
P TSI HA & fow g=garg | it
IafeEl 37 IRk & T, Jgan,
Jarg 3R feame Y fayry & SR YU
B UE g1 ofd & # Pugerssm-uTund
¥ gt ATl Tt SifireTiRal 3R
RIS HHATRET B T3 & b
¥ fou 3o FRR ufdesar &
edTe ST =g |

3IHY T UTRTASR
IECYIED
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Report of the
Director

As CSIR celebrated the nationwide “One Week One
Lab” program unveiling its remarkable research
outcomes and accomplishments, CSIR-National
Aerospace Laboratories (CSIR-NAL) also successfully
conducted the program besides continuing its
contribution to shaping a better India with its impact
in the field of Aerospace Science and Technology.
During the year 2023 - 24, CSIR-NAL expanded its in-
house knowledge base, successfully developed and
commercialized several technologies, supported
new startups and fortified the aerospace human
resources in the country.

It is my pleasure to present the Annual Report of
CSIR-NAL for the year ending 31 March 2024. This
is a compilation of the key achievements of our
laboratory towards the upliftment of Science and
Technology across various PAN India sectors. | take
this opportunity to recognize the hard work and
dedication of the entire CSIR-NAL family for bringing
out this annual report.

Major Highlights

The year 2023 - 24 witnessed the successful flight
of the sub-scale model of High Altitude Platform
Subscale (HAP-SS), a testimonial to the knowledge
base and commitments of the CSIR-NAL team. Some
of the prominent achievements of CSIR-NAL include
the timely completion of the Regional Transport
Aircraft — Project Definition Phase, handing over of the
Type Certification of Hansa-3(NG) to CSIR-NAL during
the CSIR Foundation Day celebration and significant
progress in SARAS MK Il program and many ToTs to
private industries and PSUs.

Having overcome all the technological hurdles in the
major flagship programs of CSIR-NAL, the present
year witnessed the demonstration of CSIR-NALs
indigenous technologies at various forums. Major
events, where CSIR-NAL showcased its technologies,
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were the One Week One Lab event in Bengaluru,
the CSIR Foundation Day celebration in New Delhi,
the Aeronautical Society of India’s International
Conference in New Delhi and Wings India 2024 in
Hyderabad. High profile dignitaries visited CSIR-NAL's
stall. The India-centric technology development
efforts of CSIR-NAL were appreciated by all the
visitors. A few of the prominent personalities among
the visitors were Hon. President of India, Hon. Minister
of Science and Technology, the Principal Scientific
Adviser to the Prime Minister and the Director General,
CSIR.

Handing over of the Type Certificate to CSIR-NAL by
DGCA on 26 September 2023 during CSIR Foundation Day

Honorable President of India along with DG, CSIR
at CSIR-NAL’s Pavilion



Honorable Minister of S&T along with DG, CSIR

Contributions to the Civil
Aviation Sector

Significant progress was made in
the flagship programs of CSIR-NAL
in the Civil Aviation Sector. The year
witnessed achievements of histor-
ic milestones in the Hansa-3(NG),
SARAS Mk II, Regional Transport
Aircraft (RTA) and High Altitude
Pseudo Satellite (HAPS) programs.
Apart from System-of-System level
technology development, the lab
also made critical breakthroughs
in developing in-house enabling
technologies critical to the avia-
tion sector. Besides, CSIR-NAL also
showcased the research efforts in
products, processes and technol-
ogy developments in various na-
tional and international events to
increase the outreach of these ef-
forts to the end user communities.
This section gives a bird's eye view
about these achievements during
the year 2023 - 24.

Hansa-3(NG)
CSIR-NAL made exceptional
progress in the indigenization

efforts for the NAVCOM system
for Hansa - 3 (NG). Based on the
Critical Design Review (CDR),
NAVCOM Proto-2 was realized.
Power ON and system testing

are in progress for verifying
and validating the  system
specification. On the structures
front, design optimization

studies, composite airframe parts

DG, CSIR

production, full-scale airframe
fatigue testing and nose landing
gear static strength tests were
carried out. The propulsiondivision
has played a significant role in the
development of an indigenous
propellerforHansa-3(NG). Detailed
aerodynamic and mechanical
analysis of the designed propeller
was completed to ascertain the
design intent. The fabrication
drawings were developed and
propeller components like hub
and pitch change mechanism
were realized.

Indigenous NAVCOM unit of
Hansa-3(NG)

SARAS MKk I

Detailed design of the wing,
vertical tail, horizontal tail and
control surface structures were
carried out including the most
challenging external tool design.
For fuselage and engine mount
design, several key activities
were carried out. Computation
of additional critical loads and
structural analysis of fuselage
for muiltiple roles like Casevac,
VIP, Cargo, design and analysis of
cabin doors, nacelle and

Principal Scientific Adviser to Prime Minister along with

engine mount were completed.
Computation of engine mount
loads, generation of fatigue
load spectrum, and pursuing the
detailed design activities of the
fuselage with the engineering
service provider were also
completed. Fatigue behavior
experiments were conducted
on Carbon Fiber Reinforced
Plastic (CFRP)/Copper mesh
composite materials intended
for lightning strike protection.

High-fidelity Computational
Fluid Dynamics (CFD) simulation
of the latest Numerical Master
Geometry (NMG) of the SARAS
MKk IlI, tractor version was carried
out using an open-source
CFD framework with in-house
customization for generating
an aerodynamic database for
additional operational scenarios.
CFD analysis was done for basic
aerodynamics at flight and cruise
aerodynamic conditions, various
control surface deflections for
control powerand hinge-moments
estimation, power effects, local
flow angularity studies to firm up
the angle of attack vane location,
and aircraft with partial landing
gear door open positions. Delayed
Detached Eddy Simulation (DDES)
with 140 million grid points was
also carried out to study the fluid
dynamics and stall features in the
vicinity of the aircraft in flight with
higher inclination (angle of attack)
to the flight path.
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High-fidelity numerical simulation of flow past SARAS Mk Il in different modes of flight
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The Open-Air Engine Test
Bed has been set up in the
Propulsion Division to carry out
the performance and functional
tests of various subsystems, Line
Replaceable (LRU’s) and engine
control systems of SARAS Mk I
power plant comprising of PT6A-
67A engine and composite MT
Propeller in tractor configurations.
One of the major landmarks was
the completion of the engine
ground run at 80% torque and for
the 15% reverse torque operations
along with the over-speed
governor check. This operation
was accomplished with the
indigenously developed two-
lever throttle control box. Major
milestones completed for the
primary distribution unit in the
electrical system of SARAS Mk Il
are electrical load test up to a
current rating of 320/300 A at 23%
of engine torque, performance
evaluations of indigenously
developed lithium-ion batteries
for the three consecutive engine
starts and 8 consecutive engine
starts for the effective validation
of Li-polymer battery cart.

Regional Transport Aircraft
(RTA)

Structural design, analysis and
optimization ofthe RTA-90 fuselage
were carried out. Fuselage
weights, thicknesses, fuselage-
wing reactions, deflection
contour, stresses, failure indices
and buckling eigenvalues were
estimated including the fatigue
load spectrum.

Extensive numerical simulation
of a full-scale model of RTA was
carried out during the year using
an open-source high-fidelity CFD
fromework.  Longitudinal and
directional stability derivatives
from the CFD simulations were
used to size the vertical and
horizontal tails. A detailed flow
analysis helped to identify regions
of strong separation and design
aerodynamically efficient nacelle,

Finite Element model of RTA

Numerical flow visualization of flow past full scale RTA with extended flaps

(during landing)

ik

[ |z

Aluminium landing gear

Low velocity impact testing of various landing gear configurations of

HAP SS
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winglet and fairings regions. Full-
scale RTA geometry with all the
control surface gaps was studied.
The aerodynamic characterization
of the final version, which
included control power, hinge
moment, flap effect as well as
power effects was carried out
Numerical flow visualization using
surface pressure distribution and
streamline patterns on the RTA-90
aircraft with a 35° flap were also
carried out.

ArealisticRTAcockpitmock-upwas
realized during the year. The mock-
up was equipped with many novel
sub-systems that were envisaged
for RTA. Advanced displays & suite
of communications, navigation
and surveillance equipment
integrated with new-generation
avionics will provide a superior
flying experience. Further, the Fly-
By-Wire part of the cockpit with
active inputs from FCS panels
and switches, joysticks, throttle
box, flap controls and rudder
pedals and avionics controls will
give a real life handling quality
feel to the pilots. The cockpit
included controls for aircraft
subsystems such as power plant,
pressurization and ECS, electrical,
life support, de-icing/anti-icing
systems, etc. It was also equipped
with an electronic flight bag for
the display of useful aircraft data
and to perform basic calculations
such as performance, weight and
balance, fuel calculations, etc.
The Propulsion Division developed
a Cabin Air Compressor (CAC) as
part of the RTA Project Definition
Phase.

High Altitude Pseudo
Satellite (Full Scale - HAPS
and Sub Scale - HAP SS)

The design and analysis of the
wing and Horizontal Tail (HT) were
successfully completed for critical
load cases and validated through
static strength tests. Flutter and
gust response analysis of HAP SS
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Sub scale HAPS on the runway before take-off

Airborne HAP SS

and control derivatives of control
surfaces were predicted. An in-
house energy absorption skid was
developed.

In-house design, development
& off-line testing and efficient
Energy Management and Power
System (EMPS) were carried out
for HAP SS. The solar photovoltaic
(PV) based energy generation
system was installed on the HAP-
SS airframe. The prototype was
tested on ground at CSIR-NAL and
then flight tested at Aeronautical
Test Range (ATR), Chitradurga,
successfully. The power system
functioned well and met its design
objectives. The EMPS system
equipped with solar PV, enabled
the aircraft to clock over 8.5 hours
of flight endurance. During the
flight-tests, a maximum altitude of
about 3000 m was achieved. The
system has successfully withstood
the rigors of the flight tests

including high climb and descent
rates due to thermal currents and
gust winds.

CSIR-NALs in-house knowledge
base on CFD was employed to
study the aerodynamics of HAP
SS in various flight conditions with
extended aileron and its stability
and control characteristics for
near-ground conditions. The
cushioning effect and bouncing
vortex interaction with the
elevator and its implication on the
effectiveness of the primary and
secondary control surfaces were
studied. Similar studies were also
carried out on the full-scale wing
of HAPS.

One of the key highlights of the
HAPS program is the continuous
improvisation of the Software-in-
loop simulator (SILS) facility. Before
the fight tests, SILS was used to
train the UAV pilots and prepare



them for the flight tests. After
the flight tests, the experimental
observations captured during
the testing were compared with
the simulation results and the
simulation model was updated.

Unmanned Aerial Vehicle

The flight tests of the Q-plane
were conducted during January-
March 2024. Various modes like
autonomous take-off, transition
to fixed-wing mode, autonomous
navigation mode, transition to
landing mode and autonomous
landing were validated during
these flight tests. It is proposed to
demonstrate the Q-plane to the
potential end users. Continuing
its legacy, the Octacopter carried
out its society-oriented missions.
Customization of the platform
to carry a 10 kg payload and an
endurance of 30 minutes was
completed and demonstrated
during this year. The first mission
flight was conducted in the
Bhandewadi dumping yard in
Nagpur, wherein the octacopter
flew a sampler, traveled a
distance of 200 m and collected
samples from a leachate pond
while hovering over the water
body.

Contributions to the
Strategic Sector

CSIR-NALcontinueditspatronage
to the Strategic Sector of India.
CSIR-NAL has been very active
in the design and fabrication of
LCA Mk 1A and Mk 2 composite
parts along with internal and
external tooling development.
It is a matter of pride that the
Transfer of Technology (ToT)
agreement for Bismaleimide
(BMI) Resin engine bay door for
the series production of LCA-
Tejas Mk 1A has been signed
with Hindustan Aeronautics Ltd.
Design and development of in-
board pylon fairing for LCA to
the criteria of electromagnetic
(EM) performance in the X

Volume Streamlines

Downstream vorticity plots

Numerical simulation of ground effects on HAP SS model

Visualization PC

ArduPilot Code

HAPss Model

SILS of HAPSS

band has been taken up. Further,
the development of a flaperon
test box for a combat aircraft
was initiated to demonstrate
the feasibility of co-curing large
primary structures with intelligent
tooling concepts. CSIR-NAL has
also designed and developed
the complex composite parts of
1:8.2257 scale LCA AF Mk 2 model for
air intake studies in a challenging
way. The development of test box
and air intake-duct assembly with
co-cured hybrid composites has
progressed well for the Advanced
Medium Combat Aircraft (AMCA)
program.

CSIR-NAL's National Trisonic
Aerodynamic Facility division has
continued its research efforts to
support the strategic sector by
completing 2270 blowdowns in
the 1.2 m (1225 blowdowns) and
0.6 m (1045 blowdowns) trisonic
wind tunnels during the vyear.
Organizations such as DRDO and
ADA were immensely benefited
due to the various experimental
investigations carried out during
this year on various missile and
combat aircraft configurations.

Apart from the force/moment/
pressure measurements, special
test techniques such as hinge
moment measurement on the
control surfaces of various missile
configurations and special rigs
such as grid-based trajectory
system (GTS) were deployed to
study the store separation from
the parent combat aircraft.

Structural design and analysis of
the radome composite structure
and associated parts of LCA
AF Mk 2 AESA radar has been
completed, successfully with
CDR. Detailed analysis and CAD
modeling of AMCA FSS Radome
has made significant progress.
Static strength testing of LCA AF
Mk 2 quartz radome is in progress.
Various coupon-level mechanical
tests including static & fatigue
were conducted to explore the
suitability of advanced composite
materials for AMCA. A series of
tests were conducted on the
flaperon test box of AMCA to
qualify for flaperon internal
structures, joints and other design
features. Static strength testing
of Frequency Selective Surface
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(FSS)-based planar GFRP laminate
proposed to be used in AMCA was
carried out. As a part of damage
tolerance evaluation, the growth
behavior of a crack in a nickel-
based superalloy under a turbine

standard load sequence was
determined by experimental,
analytical, and computational
methods. Static tests were

conducted on the stealth wing
flying test bed UAV, nose landing
gear and main landing gear. CSIR-
NAL has continued its support for
the life extension of AN 32-wheel
hub and other components. The
dynamic characteristics of major
aircraft platforms of IAF such
as Su-30MK |, Mirage 2000 and
Jaguar aircraft integrated with
various advanced stores were
generated for 46 operational
configurations through ground
vibration testing (GVT).

Combat aircraft simulation
facilities were extensively utilized
to assess control laws for LCA
and AMCA. A PXl-based Data
Acquisition System was designed,
developed, procured, and
integrated into the Distributed
Engineer in Loop Simulator (DELS).
The DELS facility was also utilized
for pilot evaluations of Synthetic
Vision Systems consisting of 3D
terrain  and  Tunnel-in-the-Sky
symbology. The LCA Naval aircraft
successfully conducted landings
and take-offs (trap/ski-jump) on
the Indigenous Aircraft Carrier
INS-VIKRANT. The first flight of the
MK 1A aircraft with an upgraded
Digital Flight Control Computer
(DFCC) and mission computer was
successfully conducted in March
2024. Evaluation of Control Laws for
take-off of LCA Mk 2 commenced
with pilots in the loop.

CSIR-NAL continued its research
efforts on the development of
various algorithms for multi-target
tracking/fusion using onboard
sensors such as Infrared Search
& Track (IRST), Missile Approach
Warning System (MAWS), Radar,
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and Radar Warning Receiver
(RWR) for LCA Mk 2 and AMCA
aircraft programs. In this context,
a multi-target tracking algorithm
for MAWS was developed and
angle-only target tracking
of aerial targets and homing
missiles was conducted using a
Global Nearest Neighborhood
(GNN)-based multi-target
tracking algorithm. Five missile
guidance laws were developed
in the simulation environment.
Target tracking algorithms were
validated for homing missiles with
these guidance laws using the
real datasets from DRDO.

Contributions to the Space
Programme

During
contributed

2023-24, CSIR-NAL
significantly to

India’s space programs. CSIR-
NAL provided excellent support
in the developmental and flight
hardware acoustic qualification
of the stages and subsystems
of ISRO’s current fleet of launch
vehicles. CSIR-NAL completed
the acoustic qualification of the
Gaganyaan Test Vehicle — Crew
Escape System. Acoustic tests
were performed on the inter-stage
of a small satellite launch vehicle,
manufactured by a private firm,
M/s. Agnikul Cosmos. CSIR-NAL
also tested and qualified the L40
Avionics Deck of GSLV-Flight 14
and LVM3 C32 inter-tank stage.

As part of the aeroelastic
clearance activities for the
Gaganyaan launch vehicle

configurations, the estimation of
the transonic buffet on the Test

L 2858,

1

Q-plane during flight test

Octacopter hovering over leachate pond

CSIR-NAL's UAV platforms in action



Carbon-BMI Co-cured Outer Skin

Co-cured Outer Skin Carbon-BMI Inner Skin

Engine Bay Door Assembly for LCA-Tejas

Exchange of ToT agreement between HAL and CSIR-NAL

Vehicle, Human Rated Launch
Vehicle-Gaganyaan and GSLVM
3 configurations and transonic
flutter studies of the grid fin on the
crew escape system were carried
out.

A series of vibration qualification
tests were carried out on the
first flight model of 60 kg class
microsatellites to evaluate
the structural performance of
microsatellites under flight-level
(Proto-flight) environmental
conditions, particularly quasi-
static and dynamic scenarios.

During 2023-24, CSIR-NAL
performedadetailed experimental
investigation on the human-rated
launch vehicle and crew module
for ISRO’s Gaganyaan program.
The aerodynamic characterization
was also carried out for a launch

A Photograph of human rated launch vehicle model mounted in 1.2 m tunnel
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Static test of landing gear of
SWIFT UAV
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Prediction of missile angular track for
Akash SAM test at Suryalanka using
in-house algorithm

vehicle configuration designed
and developed by a private firm,
M/s. Skyroot Pvt. Ltd.

The Propulsion Division
experimentally evaluated the
ISRO-VSSC Dual Fuel Scramjet

(DFS) Combustor for vitioted air
mass flow rates 6.6 - 11.0 kg/s and
total temperature 1550-1700 K at
Mach 2.25 conditions.

Contributions to Special
Materials and Coatings

CSIR-NAL has made substantial
contributions in the area of
special materials and coatings.
The carbon-fiber R & D activities
were concentrated on the
synthesis of the precursor polymer
with appropriate molecular
weight and distribution. The
effects of process parameters
such as activator/initiator ratio
and initiator concentration were
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Transonic flutter studies of the grid fin on the crew escape system

investigated in the free radical
aqueous slurry  polymerization
process. Polyacrylonitrile
(PAN) copolymer with  bulky
comonomers was synthesized
to get preferential molecular
architecture for precursor
polymer. After dissolution in
the suitable organic solvent, a
polymer was subjected to multiple
stages of fine filtration before
extrusion into the coagulation
bath. The filtration equipment
and dope transfer line in the fiber
spinning area were upgraded to
ensure gel-free spinning dope for
uninterrupted continuous fiber
spinning. Precursor fibers with
more  circular  cross-sectional
uniformity were obtained. Various
process studies were conducted
to stabilize and pre-carbonize
the carbon fibers under various
thermal regimes with different

stretch  ratios.  Indigenization
efforts have been undertaken with
private industry to develop carbon
fiber sizing. Aerospace-grade
epoxy resin has been formulated
and evaluated at a lab scale.
Indigenous multifunctional epoxy
resins and hardeners have been
used for resin formulation, and
their properties have been tested.
They exhibited dry glass transition
temperatures in the range of 206-
215°C and wet Tg ~ 160°C.

Failure analysis and accident
investigation at the CSIR-NAL
has been a continuing activity
for the past five decades and
has brought laurels to CSIR-NAL.
This activity has been catering
to the needs of the Indian Air
Force, Indian Navy, Hindustan
Aeronautics Limited, DRDO
Laboratories and Aircraft Accident

Investigation Bureau (AAIB) of the
Ministry of Civil Aviation (MoCA). In
2023-24, 27 investigations involving
aircraft incidents/accidents
were investigated. In most cases,
the primary cause(s) of the
incident/accident was identified
and recommendations  were
suggested for prevention.

A study on the creep behaviorwith
the accumulated residual stress
foradefinedtime and temperature
up to 200 h was carried out for
nickel-base superalloy IN718. Since
the combustion chamber and
outer casing of an aero engine
experience a temperature in the
range of 550°C to 700°C, creep
tests were conducted in this range
to study the effect of residual
stress on the creep life. The study
revealed that residual stress plays
a significant role in reducing
the chance of failure of an aero
engine.

Overthe past 2 decades, CSIR-NAL
has developed technologies for
processing carbon fiber and C/
SiC composites. Under a program
aiming to use these in-house
technologies, a developmental
activity has been taken up to
manufacture C/SiC brake disc
intended for applications in CSIR-
NALs aircraft program. C/SiC
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composites were developed via
the chemical vapor infiltration
(CVI) process and coupon-level
specimens were fabricated and
characterized. Properties were
on par with values found in the
literature. Subsequently, C/
SiC stator and rotor discs were
fabricated and subjected to
dynamometer tests. CSIR-NAL
is also developing continuous
fiber-reinforced ceramic matrix
composites (CMCs) by isothermal-
isobaric CVI (I-CVI) process. CMCs
such as carbon fiber reinforced
silicon carbide matrix (C,/SiC)
composites are better candidates
for various high-temperature
applications due to high specific
strength, high specific modulus,
high fracture toughness (>20
MPa.m”?) and high erosion-wear
resistance. They are also better
candidates for advanced (fourth
generation) aircraft brake disc
applications due to their stable
coefficient of friction relative to
humidity/temperature change
and superior high-temperature
mechanical properties and
oxidation resistance compared
to C/C composites. The hybrid
process involving I-CVI combined
with liquid silicon infiltration
(LSI)) approach is being pursued
for making C/SiC composites
with  reduced manufacturing
time/cost (40-50%). Under the
industry-sponsored project, C-C
composites prepared through
film boiling CVI and other solution
routes supplied by M/s. Azista
Composites Private Limited (ACPL),
Hyderabad were further densified
with CVI-derived silicon carbide
(SiC) matrix followed by SiC-CVD
coating to improve mechanical
properties and oxidation
resistance.

As an exploration of waste-
to-wealth conversion, the
waste resource of rice husk
was converted to an engineered
material of silicon nitride through
the intermediate formation
of amorphous silica. The
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Photograph of PVDF accelerometer
devices handed over to ADA for LCA

electromagnetic (EM) analyses
indicate the suitability of rice-
husk-derived silicon nitride
powder for high-temperature
radome application.

CSIR-NAL has been working on
the development of smart and
functional materials for sensing
and actuation applications since
almost two decades. In the mission
mode project on aqerospace
materials, the compatibility
of  low-temperature co-fired
ceramics (LTCC) integrated with
lead zirconate titanate (PZT) tape
using electrode paste was carried
out in colloboration with CSIR-
CEERI. Excellent bonding was
observed after curing. The poling
of the PZT plate integrated into
LTCC supplied by CSIR-CEERI was
successfully carried out at CSIR-
NAL and characterized. The initial
results are encouraging.

CSIR-NAL has been at the forefront
of  developing Polyvinylidene
fluoride (PVDF) accelerometer
devices. The results of these
devices have been compared with
a standard MEMS accelerometer,
the PCB 3711B1130G. Accelerometer
devices have been modified
to reduce the size from 20 mm
diameter to 12 mm diameter and
height from 25.4 mm to 177 mm as
per Aeronautical Development
Agency (ADA) requirements and
five such devices were handed
over to ADA for testing in LCA.

Considering the Technological
Readiness Level of the process
developed at CSIR-NAL, “A

Indigenously developed SOl wafer
(D=4 inch) with piezoelectric thin-
film coating

Center of Excellence for Piezo
MEMS Transducers” has been
established at CSIR-NAL for the
first time in the country under
the Technology Development
Transfer Scheme from DST, aiming
to convert the process know-how
to technology for the production
of qualified piezo thin film wafers.
These wafers are required to meet
the Country’ s need for making the
Piezo MEMS products for defence,
aerospace and biomedical
applications.

With respect to coating activities,
CSIR-NAL had a successful year
achieving significant milestones in
technology transfer, certification
and functional coatings
development for the aerospace
sector. Upon approval of eco
-friendly Tartaric Sulfuric Acid
Anodization (TSA) process by
DGCA and QAAD (CSIR-NAL), the
process has been implemented
on the Hansa-3(NG) components.
License agreements have been
signed with industries for Solid
Oxide Fuel Cell (SOFC) single-
cell technology and NALSUN-NG
coating. The division specializes
in developing advanced sensor
technologies for the automobile
and aerospace industries.

Towards the implementation of
the eco-friendly Tartaric Sulfuric
Acid Anodization (TSA) process as
a replacement for carcinogenic
Chromic Acid Anodization (CAA)
in HANSA aircraft, a modification
leaflet  (NAL/MOD/Hansa-3/048)
was submitted by CSIR-NAL to



DGCA. Further to the approval
from DGCA and QAAD (CSIR-NAL),
the TSA anodization process has
been initiated on the Hansa-
3(NG) components. CSIR-NAL is
pursuing the certification of the
chromate-free three-layered
aircraft coating system consisting
of a Crée-free anodic layer, a
chromate-free primer layer and
the polyurethane (PU) topcoat. In
this regard, extensive studies were
performed on sealed TSA anodic
layer with different commercially
available chromate-free primers
and the topcoat currently used
in the in-house aircraft programs
of CSIR-NAL. Among the different
chromate-free primers that were
tested for a series of tests such
as adhesion, solvent resistance,
fluid resistance and neutral salt
spray resistance, the performance
of one of the commercial primers
was found to be superior to the
rest of the primers. In particular,
three-layered systems with a
primer under discussion endured
more than 2500 h of neutral salt
spray test (ASTM B117) and 1year of
outdoor exposure at the seafront
of Mandapam, Rameshwaram,
Tamilnadu.

In an industry-sponsored
project, a Spin valve (SV) Giant
magnetoresistance (GMR) device
with longitudinal biasing (LB) was
used to achieve hysteresis-free
and symmetric linear response
in MR systems. This biasing
was realized using a sputter-
deposited 600 nm CoCrPt thick
film permanent magnet (PM). This
integration of PM on the SV sensor
stack resulted in reducing the
hysteresis from 3 Oe to 0.4 Oe in
the transfer curve.

CSIR-NAL has developed a
thermal insulation paint coating
on aluminum alloy (AA) 2024 and
carbon fiber reinforced polymer
(CFRP) substrates for the CSIR-NAL
developed SARAS PTIN aircraft to
encounter the undesired heating
of the fuselage and adjoining

As-loaded 1 year of outdoor

exposure

Photograph of the as-loaded and
1-year outdoor exposed three-
layered coating system

areas of the aircraft caused by the
exhaust plume from the engine.
A pre-production clearance
certificate ofthethermalinsulation
paint coating was obtained from
RCMA, CEMILAC.

Under the aerospace materials
and  coatings  mission mode
project, durable polyurethane-
basedsuperhydrophobiccoatings;
and PVDF-based transparent
superhydrophobic and anti-icing
coatings have been developed.
Another noteworthy study was
on the wind tunnel studies of
superhydrophobic coating. The
measurements  suggest  that
the superhydrophobic coating
causes a delay in the transition
of the boundary layer leading to
reduced skin friction.

Contributions to the
Societal Sector

JALDOST is developed and
commercialized by CSIR-NAL in
line with the national missions
like Namami Gange, and
Jalshakthi of Government of
India. A good opportunity exists
to scale up for domestic needs
and opportunities to export this

product to neighbouring and
South Asian countries where
an enormous market exists for
this product. After satisfactory
testing at Ulsoor lake, Bengaluru
and Manchanabelle Reservoir,
Mandya district, JALDOST was
launched as a product of CSIR-
NAL during the curtain raiser event
of One Week One Lab (OWOL)
campaign of CSIR-NAL in August
2023. JALDOST product launch
attracted the attention of media
and was published in many
leading newspapers.

After spreading the news of
JALDOST product launch,
Kannamangala panchayath
located in the outskirts of
Bangalore has approached
CSIR-NAL to clean their dying
lake which was their fresh water
source. The private partner M/s.
Srivari Engineering Systems Pvt.
Ltd., immediately deployed the
JALDOST and removed tons of
weeds and garbage from the
water spreading over acres. Thus,
JALDOST has proven its capacity
and usefulness to society for the
rejuvenation of freshwater bodies.

R&D Performance
Indicators and Technology
Licensing

CSIR-NAL recorded an
exceptional jump in its
Research and Development Key
Performance Indicator (KPIs) and
commercialization of its Swadeshi
technologies and products. This
year a total of Rs. 351.65 Crore
CSIR grant (excluding central
administration grant of Rs. 116.00
Crore) was allocated by CSIR for
the laboratory. Out of the CSIR
total grant, allocation towards
R&D projects was Rs. 95.07 Crore
for projects under SARAS Mk I,
Hansa- 3 (NG), TD-High Altitude

Pseudo Satellite (HAPS), Project
Definition Phase of Regional
Transport Aircraft (PDP - RTA),

Major Laboratory Projects (MLP),
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Focused Based Research (FBR),
Niche Creation Projects (NCP), Fast
Track Translational (FTT), Mission
Mode Projects and Fast Track
Commercialization (FTC) projects.

CSIR-NAL was awarded with 21
new sponsored projects costing
Rs. 44.05 Crores, and 5 grant-in-
aid projects costing Rs. 4.43 Crores
during the financial year 2023-
24 from external agencies. The
LRF generation during the year
was Rs. 71.52 Crore and incurred
expenditure of Rs. 1796 Crore.

On the licensing of the Intellectual
property/knowledgebase during

the current year, CSIR-NAL
witnessed licensing of seven
technologies to nine industries

with a cumulative license fee of
about Rs. 5.86 Crore. Further in the
current year, total value of orders
received by ToT partners stood
at Rs. 14.20 Crore on the value of
orders received by ToT partners.

During the year, the laboratory
has signed 50 MoUs / NDAs with
external agencies (44 national
and 6 foreign). The year witnessed
an increase in IP portfolio as 9
new patent proposals (8 Indian &
1 Foreign) were submitted. During
the year, a total of 19 Indian
patents and 1 Foreign patent were

granted. In addition, 1 copyright
and 1 Trademark were also
granted.

CSIR-NAL also witnessed
commendable AcSIR
achievements during 2023-24.

During the year 2023-2024, 10
students have been admitted. 3
students have completed Pre-
thesis open colloquium and 3
students were awarded the Ph.D
degrees.
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Honors and Awards

On the honors and awards front,
the year 2023-24 was exhilarating
for the laboratory. The major
achievements are:

« Dr S B Verma received an
award by Honorable Raksha
Mantri  Shri  Rajnath Singh
for outstanding contribution
towards ARDB -DRDO projects
at the DRDO Academia
Conclave, DRDO Bhawan, New
Delhi on 25 May 2023

« Dr. Abhay A Pashilkar received
the  Distinguished  Alumni
Award from IIT Kharagpur on
18 December 2023

« Dr.ST. Aruna received the Prof.
SasadharRay Memorial Award
for Industrial Excellence from
the Indian Ceramic Society,
CGCRI, Kolkata, 19 December
2023

« Dr. S. Senthil Kumar received
the Prof. KC Patil Young
Achiever Award from the
Indian Ceramic Society,
Bangalore Chapter, IPC
department, [ISc, Bangalore,
19 January 2024

« Dr. K. Siva Kumar received the
C V Raman Prize 2023 from
the Institute of Researchers
in recognition of outstanding
professional and research
achievements in the field of
aerospace engineering on 25
August 2023

« Dr. Naveen V received the
Research Excellence from
the Institute of Researchers,
Kerala, India, 27 June 2023

« Dr. Hema Singh received the
Career Excellence Award:
Women in Engineering, in IEEE
WAMS 2024, Visakhapatnam

organized during 29 Feb. - 3
March 2024

« Dr. Mrudula G received the
prestigious Excelsia award of
Vimala College from Sri. Arif
Mohammed Khan, Governor
of Kerala, 8 September 2023.

In addition, many scientists in
our laboratory have received
research and association
fellowships, identified as
subject experts, members/
senior members of prestigious
societies/institutes/boards of
studies/professors of practice,
won other individual/group
awards, appointed as editorial
board members and reviewers
of national and international
journals, received best paper
awards, etc. | congratulate all
of them on their success. For all
the achievements of CSIR-NAL, |
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
stakeholders; DRDO, ISRO, DGCA,
ADA, HAL, Air HQ, ARDB, DST, DAE,
DefenceServices, MoES, IMD, MoCA
and others including international
bodies for continuing to repose
their faith in our capabilities
and by sponsoring several R & D
projects. All the achievements
have been made possible due
to efforts, cooperation, advice
and confidence shown by
these agencies. Finally, | wish
to acknowledge and thank all
scientists, technical officers and
administrative  staff members
of CSIR-NAL for their continued
commitment to the growth of the
organization.

ABHAY A PASHILKAR
Director



Mandate

__L =
A
4

Development of national strengths in
aerospace sciences and technologies,

infrastructure, facilities and expertise.

Advanced technology solutions to national
aerospace programs, fighter aircraft, gas
turbine engines, defense systems, defense
services, launch vehicles & satellite and
space systems.

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

NALs mandate is to develop aerospace
technologies with a strong science content,
design and build small and medium-sized civil
aircraft, and support all national aerospace
programs.
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'—\C !7 Research Council
AL

Shri S. Somanath

Secretary, Department of Space &
Chairman, Indian Space Research Organization
Antariksh Bhavan,

New BEL Road, Bengaluru - 560094

Shri C. B. Ananthakrishnan Dr. S. Sathiyanarayanan
Chairman & Managing Director, Head, Central Planning Directorate
Hindustan Aeronautics Limited, Council of Scientific & Industrial Research,
Bengaluru - 560 001 New Delhi-110001

Shri M.Z. Siddique

Director General (Aero),

DRDO, Sister Laboratory
Bengaluru - 560093

Shri Y. Dilip Prof. Shantanu Bhattacharya

i ; o ) Director,
Distinguished Scientist and Director, CSIR-Central Scientific Instruments Organization,
Aeronautical Development Establishment (ADE), Chandigarh-160030

DRDO,
Bengaluru- 560075

Dr. Kallappa Pattada

Director,

Boeing Research and Technology,

Boeing India Pvt. Ltd, Dr. Abhay A Pashilkar

Bengaluru - 560092 Director,
CSIR-National Aerospace Laboratories,

Smt. Usha Padhee, IAS Bengaluru - 560 017

Principal Secretary to Government,
Department of Commerce & Transport,
Government of Odisha,

Bhubaneswar- 751001 Secretary, RC

Dr. Harish C Barshilia

Head, Director's Technical Secretariat,
CSIR-National Aerospace Laboratories,
Bengaluru - 560 017
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\ﬁf/Management Council

Dr. Abhay A Pashilkar
Director, CSIR-NAL

Dr. Prakash Kumar
Director, CSIR - NGRI, Hyderabad

Dr. Giresh Kumar Singh
Chief Scientist & Dy Head,
Flight Mechanics and Controls Division

Shri Thulasi Durai
Principal Scientist,
Advanced Composites Division

Smt Monalisa Behera
Senior Scientist
Structural Technologies Division

Shri Anurag Reddy
Scientist
Aerospace Electronics Division

Shri Rajendra Prakash M
Principal Technical Officer
Advanced Composites Division

Head, PBMD, CoFA / FAO

Member Secretary

Sr.CoA/ CoA

@8\ Major R&D Disciplines

m Computational fluid dynamics

m Experimental aerodynamics

m National trisonic aerodynamic facilities
m Flight mechanics and control

m Propulsion

m Composites

m Structural design, analysis and testing
m Structural dynamics and integrity

m Surface modification

m Aerospace materials

m Aerospace electronics and instrumentation

m Civil aviation
m Manufacturing technology
m Information systems

m Electromagnetics

@

ROTAX \.,,

4
MIDHANI %, &

FLORIDA STATE
UNIVERSITY

Fas oy
%L | GE Aviation ‘
mm

Pratt & Whitney

Unee Tocrnctogzus Campan

Collaborations and Interactions
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S&T Performance Indicators
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Human Resovurces Indicators

CSIR-NAL Manpower over the Years
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