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LWL UULAL Tagldion1sanTeiidena (Finite Element Analysis) smglusunsuiiasiziigena
(FEMAP wag NX-Nastran) uagvinisasratnamuununuulug naaeuasiausansgyiiutnmeganse
musasgIunIsaaeulne niaguliaudy (NATO STANAG 4671) 91NMINAROULAENITWHULUY
wut nenmasil¥audulmneswdn 2 muususuudu it 26 Alandu sessunsznssm
guaalé 900 Alandu vi3eAnLdu Load Factor ldviify 7.23 wihwesiwiinermasiu uasUnilasng
muuwuiuulmifiadndesniumunuuiuldfederay 38 (16 Alandy) danuudeusemiuany
wwmsgrunsveaeulnernmaeuliaudu unndinaeiiaatinisenssu (Proof Load Factor) (4.37 i
vonimtinenre) egslsfiony wansideiimahnmsinudesenfensmageulnuuulaunin
(Dynamic Wing Testing) #39A114&1 (Fatigue Testing) fiolU
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Testing and Developing

the Strength of Unmanned Aircraft Wing Structures
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Abstract

This research has collected data on the use of the unmanned aerial vehicle Tigershark Il
from The Research and Development Centre for Space and Aeronautical Science and
Technology, RTAF. From the data, it was found that the wing structure is robust but heavy,
leading to high-speed flight and fuel inefficiency. Researchers aim to reduce wing structure
weight by improving and developing internal components to decrease overall weight. The
objective is to test the Tigershark Il unmanned aerial vehicle wing structure according to the
original plan using Finite Element Analysis with FEMAP and NX-Nastran software, and then
create a new wing based on the results. Testing involved applying forces to the wing using
sandbags according to NATO STANAG 4671 standards. Results showed that the original wing
design weighed 26 kilograms, supporting a maximum load of 900 kilograms or a Load Factor
of 7.23 times the aircraft weight. The new wing design weighed 16 kilograms less, achieving
a weight reduction of 38%. It also met strength standards, exceeding the Proof Load Factor
of 4.37 times the aircraft weight. However, further study is recommended, including dynamic

wing testing or fatigue testing.

Keywords : Unmanned aerial vehicle (UAV), Finite element analysis, Aircraft design
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MUNIMTFIU NATO (STANAG 4671)
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ﬂl 1 1 v U
M19199 1 nsudanguenAeuliautu [1]
. Normal Primary
Class Category Eml:cl’c;;/nnilent Nom:litlig%eertmg Mission Supported IET:{% '::E
Radius Commander

Up to 45,000 ft Unlimited

MSL (BLOS) JTF COM Heron

MALE Operational/Theatre

Class I . . . Up to 10,000 ft 200 km
(150 kg - 600 kg) Tactical Tactical Formation AGL (LOS) Bde COM SPERWER

Micro** Tactical Sub-unit
(<66 J) (manual or hand
launch)

Up to 200 ft Up to 5 km Platoon,

AGL (LOS) Section Sl
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2.1 ommAsulEaudu
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21MAg1UlSALTU (Unmanned Aerial Systems)
omdeuliauduiinisdulnedisininszlen
el visessufiuTaguszasdimsldauivanvans
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pranviidn g warszeznaihnstudundn
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166 Alan3u Jwhanshediaiugs 10,000 v
F9dmaglu Class |l
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Al [2) rugu 2 Tnedgnasuansuinadiinduas
finn191090198n55% (W338n) Ainszyirfudn
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muemasiaiivaretndeninueinesailanln
(Taper Ratio) Wity 1 1i%8 A=1 Fsmneeui
rugmnesaTlaLinwazmLEResaTiUaeTn
fuunawinfilugui 2 wasvunalsivinfulusuii 3
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WAL
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FUT 3 nmd1aeanisznssuvum (Tn)
amsuiinidl Taper Ratio (A<1)
1ay S. D. Lannoy [3] laudasaunns
dmsunisAuiamszezlnedarealn (Wing

Deflection) sauansluaunisd (1)

2WL 1422 } 5

= 1

o Elroot {(1+1)(13+35.1) y-
e 8 = szwzlnwasdn (Wing Deflection)

(1uny)
W = dwiingau (@)
L = pnugmaswiwesdn (wes)
E = flugdavedsd (Uada)
I, = Tuwudanudesnistae
Alaudn (wns®)
A = Shvénuwesrmuemnesaiivaein
fomusresafilaudn
(Taper Ratio) (laifivtie)
y = szezaunudUnaintauln (Wns)

2.3 NM5IATILHLATIES1991N1ABTUA8TT
AAZNT9NA (Finite Element Analysis: FEA)

Wunsldlusunsumsuiininesadie
wuudiaes 3 17 leelivgud) Finite Element
Method [4] $1a0ssenssuiitintufilassedng
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amAey WeRAT ez (Stress)
wazAANLLASEA (Strain) TLART U SauEans
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Finite Element Analysis [5]
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(Composite Materials)
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2.4.1 N398ALUY: PONLUUTUEIY
anmeeudieliEnansevhalfoendiussavianm
wu Tlusunsu@euwuy CAD (Computer-Aided
Design) Higadauuunauiiuiuguagviangay
Aun1syinauuesenAsulS ALty

2.4.2 maidenian: 1denagifinnm
wnzauEmsUNSIdlueINALIY WU wanaRn
W39 (Reinforced Plastic) wanafniasulen
(Glass Fiber Reinforced Plastic: GFRP) wan@#in
w@3ulemsuau (Carbon Fiber Reinforced Plastic:

CFRP) watad niasuledansnzsi (Synthetic
Reinforced Plastic) uu

2.4.3 ANINAR: ﬁﬁﬂ’]i‘ﬁyugﬂﬁyumu
(Composite Lamination) lagnsurdanunneiEes
uLUULAEUSYaUSeT IS
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PUFUT 5 JUnWvdn 3 wnu fell WAl 1 A

vauaule (Fiber) 58n71 Fiber Direction kAU 2

3

FUN 5 unuvanvestuvesiagaay

wavunui 3 fievnsisannuunvesdulelviues
158031 Transverse Directions [5]
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fiemnalalwinfiu (Orthotropic Material) iflasann
NNSAUIAIAILLAULAZANANLLASEADE R
auufgiuiiaguansenitadule wazwnind
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gﬂ‘ﬁ" 6 LARIAIULAUUNDIAUTENOUYRITED
Usenaudae AuAudaann (Normal Stress)
U 3 A1 (01, 02, 03) warimnuAuLRoy
(Shear Stress) 37U3U 3 A1 (T, T2, T3)

AUFUNUSTENINIANIULAULAY
Anupsunausalisuliegluguiumindle
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2.6 ANUUVILTIVBITANMEY
TumsFmunnlugdavesdid (Young’s
Modulus) ¥3oen E 1esansesuuui (Laminated
Composites) tumaufuatieinfamndusiudu
oty vienssuumsralidudedientu
(Homogenization) 3sAnyIA" E LN (Ply)

Ya¥aR Iemsmuinudligdagaveu (Partial
Modulus of Elasticity) vesiaiwes (Layer) n vila
auaunsil (2) Tae D. Gay [6]

E, =2E, )

S N = sauawesvesTanuan laivunaving
n =Ply sequence: 1,2,3, ..., N
E = Modulus of Elastic vouatgas n
E*n: Partial Modulus of Elasticity vadiawas 1t
E = Total Modulus of Elasticity Yasianmas
b, = mwmunvesian n

B = enwvunsinvesiasuay

lugdaganguvesiagnanaiunsn
AnalinraTINveudulugRave Ny

Tanaaunisi (3)

E=E,+E;+E;+--+Ey (3)

AUNTAAIUIUATRS IR sTiau Ul
(Allowable Tensile Strength) lagWa15aun
AN € (Elongation at Failure) sﬂaﬂ%uﬁﬁ%’]fjﬂ
ANEUNITN (4)

Oq = (5f,n)minE (@)
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Literature reviews: Wing Static Load Test; Structural Analysis (FEM)

<

Analytical calculations/predictions
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Finite Element Analysis
- 3.0 modelling (Solidwerks)

Wing Static Load Testirg (= 2g)
Preparation; jig, test component
Test configurations

- Meshing/Sclving (Femap + No-Nastran) | == | - Trails and measurements
- Results; Contour plots of strains & - Results; Regional strains & total
deformed shape deflection
I . ]
Unmatched
Cross-checking of the results Parameters tuning and improverments
l nitched “Re<héck
| Predict ultimate load by FEM | o T
Sunvive Ultimate Load of 6g for 3 seconds
1 A
I Static Ultimate Load Test }—- Qualification check (Stanagd671);
i Ungualifisd

Data Post-Processing and Analysis

Critical areas/components

Failure Predictions Redundant structures

Lay-up detail —,

|

Redundancy reduction

Interior re-configuration _

— Reducing weight
Censiderations | Redesign Chjectives
'ﬂ' and/or
e | Strengthening
Element |
Mot improved
—,-_ Analysis

r Improved

Fabrication of New Design
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e Wing Static Load Testing e QUZStI:a ":::nec
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M1519% 2 JeyaTanfltausulninesynin 2

e whyineie
v a Rickk) Modulus of Elasticity | Tensile Strength | Compressive Strength | Poisson ratio | Au1uN N
Ja0 vive Ply Pl (Goa) (Mpa) (Mpa) 0 () PN
y P p p (/)
Plain-W
ain-voven CF/E 26.9 450 300 0.10 0.25 400
Carbon/Epoxy
Plain-W
ain-roven GF/E 153 337 81 0.10 0.10 150
E-Glass/Epoxy
Unidrectional | ), ¢ 519 1500 1200 0.30 N/A N/A
Carbon/Epoxy
Plain-Woven
Carbon
2 -PICA F/f,
| 2mm U-PIC s 50 94 5 0.30 250 900
foam CF
| Plain-Woven
Carbon
Foam|Carbon|
F/CF
Foam|Carbon| /F / 3.8 53 6 0.25 12.00 2000
Foam
Lidh PlW 6.7 70 45 0.25 3.50 2400
(Plywood)

MMTINAIAINLATEA LAZNITATUIAIAIIULAY
AafagunsaifnanAlnuLATonkUULN e
(Axial) mutvesnudn (Wing Spar) fidnnana
(Center Wing) 31u72U 9 #MLAUS Lasing g
Strain Gauge BiavawNU (Rosette) 0°/45°/90°
$1unu 8 fumia figarng 9 veaiadn dauang
Tugud 20

3.7 MINAIUILNULUY

InssasamdnUsenauluaie  Center
Wing Main Spar Ribs Wa¥ Rear Spars, Outer
Wing Spar wagitn auziidelammuauuimie
Favanunsavinnnlasadresnelugel

1) Wanieans iy Ribs sauluisnns
AN

2) WU Profile 989 Center Wing Main

Spar 910 C-beam 10U -beam wiouuSuiUaou

| 900 kg (7.26¢)
Total 60 bags needed: 50 x 50kg + 2 x (Skg + 11kg + 16kg + 20 kg +23kg)

FUI 18 JUuvunisaegansiguuiln

FUil 19 msnaaeunuutusidnsasivtndegam e
n5enTINYLIN 900 Nlansu

FUI 20 M3@Asa Strain Gauges AUAITN
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A15199 3 N1spanLuUNSNEEUlgvadlasIas1aln

) Ply Sequence Layer Thickness Total Thickness
Wing Components Sub-Part i
(Orientation) (mm) (mm)
- GF/E (+45°) 0.10
- 4xCF/E (+45°) 1.00
Skin - CF/E (0/90°) 0.25 3.95
- CF/foam/CF (0/90°) 2.50
- GF/E (+45°) 0.10
- GF/E (0/90) 0.10
Upper - 3xCF/E (0/90°) 0.75 330
Flange - UD/E 2.04 ’
- 2xCF/E (0/907) 0.5
Centrewing - 2xCF/E (+45°) 0.5
Main Spar Lower - UD/E 1.44 279
Flange - 3xCF/E (0/90") 0.75 '
- GF/E (0/90°) 0.10
- GF/E (0/90") 0.10
Web . 1.35
- 5xCF/E (+45°) 1.25
CF/E (0/907) 0.25
Rear Spar PW 3.50 4.00
CF/E (0/907) 0.25
Outer Wing F/CF/F 12.00
12.00
Main Spar
CF/E (0/907) 0.25
Ribs PW 3.50 4.00
CF/E (0/907) 0.25
Carbon Tube 8xCF/E 2.00 2.00
Sleeve 8XGF/E 2.00 2.00

A1aN159aE IR UL UUNNT LA UL

3) WasuTarlutiman (Core Material)
yosRantludssian PVC iy 1dulvuiid
Sasdrurasrnuuaus et mtnannnin

4) Wasumuegavieansusu (Connector
Tube)

5) Wasuwuunsinuszneufusening
Unnanauazand

4. HaN1339Y
4.1 NaN1SANUINY FEA

uansa FEA Msfinaimslasoniins
intudielésunsenssugagauunm 900 Alansu

nseyiiuln wandluguil 21 Fujuiiliasien

Q

geAngaluusnuae 9 wanslifiuinlasasg
lugndnn3euazdu 9 919Ann1sATINMNS Izl

enaendlndlpesiumasnuesian (Yield Strength)

4.2 Han1INAFIUIATIET19UNA 1IN
(Sandbag Testing) (LNukUULAN)
HANIVAADUMENIENRMIElALans
Tuguil 22 TaeidunanisTrishvesdnduses
vinianeith Imhedumuiiams fvuinmsenss
59 9 A A ULANANS ST AN TR0
Wisuisuiumamsneaeuldiiudesas 15
dleldrnisdrsialassadeniely
shwaneen (Visual Inspection) IRAingame
Tuguii 23 liwuanudemedieiudn wu sos31
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Max stress (Plywood) = 40 MPa, g, (plywood) = 27 — 35 MPa
Max.stress (CF) = 150 MPa, a,(carbon/epoxy) = 400M P,

Max.stress (skin) = 300 MPa, a,(Carbon/epoxy) = 300 — 400 MPa

FUN 21 Uannan)I s IAY
(Von Mises Stresses) a 998 9

e +
i = 9

e + e

=]

- +
™ a
I 8

00 [}

L W0E0  J0S  WeM  MNe) MOS0 G6D) MO0 MNM0 MOS8 eme

Loty

O Aeatyscal [JFEA @ Sandbag test

FUT 22 WisuiiguszezviniiuaIetn (UAULUULAL)
o YUINNITENTIUHN

vipsesusntuivestanfienaasinainnis
wentu (Debonding) anusaesuielainian
F3laiiinn1s Debonding wifin1sAsINLTNT U
\lesanndmsBudiusienanisinszezudn
(QnAudldnun) wagn1sAIuIUA I8 FEA
Felinatilassaisungaiimanuduiiiety
MNMsznssUlnAREUNTIA AL 0 PATIN
(Yield Strength) va% enunseriasemazasUlin

Tassadresdnauunuiuuiiuiinnnuudinsa
g49dn (Ultimate Strength) ATW1AN158N55Y
900 Alansu %3 7.26 WihvestwmineIn AL

4.3 msnauuuuulassandUnlnnasuisn 2
Anzdedslaaniiunisuruiuulng
PN & uas 5 Feazvhlilasadienenay
Wausuazanthuiinld  Tnewunsanaumn
Yo Wiulszavdnnlassadenelulnensld
TAseadegiouBu W Stringers AuWUUTATIEENS
wuuAdlslase Semi-Monocoque LLazLU?;augﬂ
wuuAm@nann C-Section Wuwuy beam 3l
fmsangidowiuse FEA fuandusud 24
warlassasstnmeluvesivanauuy wanduzy
7 25 VLA MRATI VLRI 2,000 TF

Tums1991 6

P [ — | e—— |

FUM 23 n3aTiannudenevedlnsiaiietn
(UpIduUULAL) B8INISNAEEY

nssniunistuguiassaiiednaia
weuwudlyal Toegudl 26 wamslassainanmely
wazansnsnagUiudnvestnaaususuy sl
whity 16 Alan Sdinenausuuiiu S
26 Alan3u
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M15719% 4 W UABULAEUBUULATIES19UNWEY
LUULAL AR UwU UL

WHULUULAY wwunuulvi

9 Ribs (Half-Wing) 10 Ribs (Half-Wing)

C-Section Spar I-Beam Spar

No Stringers Carbon Roving Stringers

Foam/Carbon Outer Spar Carbon/Plywood Outer Spar

80 cm Tube 40 cm Tube

10-12 Layered Skin 6-8 Layered Skin

PVC Core Mat Kevlar Nomex Honeycomb

= = - v v
M13199 5 1WSBuguwkukuuNaRnduleves
JulanuesriUnuazauln

Centrewing skin Outer Wing skin _| Centersing’s Main Spar
to) T G g
B Pmam.muuw! top E’m‘l;uu-'
@ 1x Carbon 45* 200 g/m? 1x Glass 45% 80 g/m* -
3 3 Earbon 45° 200 g/m* 4 Carbon 45 300 gfm? [ -
1 Carbon $0° 200 g/m? S Carbem D0* 200 g/m
ﬁ: Foam 4 mm Foam 2 mo .
k) 2x Carban 907 200 g/m* 2x Carbim 0% 200 gfm’ ~ Bt 5 g
6 1x Class 160 gfe? 1x Class 45° 80 gfm” _I[ f‘Ef"“:;';nlWIg’l'
bottom bottom e
toy
c i op E— G20
%‘ 1x Glass 90 50 g/m? L Glass 90" 50 /"
= Fx Carbos 45° 100 /e 2xCarban 45° 100 g/
Homeycamb 3 me Noneyromb 3 mm PP
H Ex Carbes 45° 100 g/r? 2x Carben 45° 100 g/
=
R 181 Care UD 200
battorn battorm

JUN 24 msinTzilassasmiutneie FEA
WYy C-section (718) MINUAHULUULGL Uag
l-beam (977) Auusuivulvs

FUT 25 wsniuvulpsaa719n mausuuuiiu (47e)
uazusuwvulyl (¥37)

M15199 6 HaA U FEA WiniUSeuiisuauln

Numerical Result C-Section Spar |-Beam Spar
Maximum Displacement 16.3 mm 4.2 mm
Maximum Von Mises Stress 95 MPa 35 MPa

3‘1/17' 26

ns9ugulnseasiatn (uauuuulng)

4.4 mstuturnuaunReMAYalaAsTEsdUn
(ueruuulug)
MN1TAAAATIERMEANAAERNS
(Analytical Method) wagnislainaiia FEA
TnesjaSouiisunavesszozudaiiuanetniile
TUUANTZNITUAN 9] WINTLYLEZNMIVAFDU
Unshegmee dwalieszsiiteduduni
Wdedle (Cross-validation) mugﬂ‘ﬁ 27
st liasuauilndifosiuliiiu
favar 15 IndiAsstunsdlununuui deld
ATINADUNATBIAIAULAY (Von Mises Stress)
NMIFMLIUNEY FEA 04 g Fe Uinniseuse
shdnnaaerliuen  Teednanuiiy
1N 600 winglama mugﬂ‘ff‘i 28 %ﬂLﬁuf«;ﬂ
Ultimate Strength vas¥an waglvinanisvnasu
shegmsgluvhusaifeniunusud 29 awnse
ayuliinAuudeunssgsdn (Ultimate Load)
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Load eg}

QAnalytieal [JFEA @ Sancag best

31!17'/ 27 wWhsuiluszervsaiiatetn uwuuuulng)
al YUINNITENTIUAN
vadlasenhmanmuuulys Semnuniiu 660 Alan$l
vseAnudnsdmnsenssy  (Load Factor)
WU 5.32 1wedtvtineInmeny uaz
annsnantviinldiedosay 38 danuudause
sernmtinunTudosay 19

5. asUunauazdatauauuy
5.1 d3Una

IMNN1INAABY Sandbag Testing
Aulaseasetn mnesynsn 2 muKLLUULAY
Fafliwvin 26 Alansy Teedrsdanasinig
NAFBUIINUINTZIUEING (STANAG 4671) WUt
TassasUnsesfunsenssugeanla 900 Alandu
Andudnsidunisenssy Wi 7.23 wihwes
twtinennaey  wagAmLdaunsesotmtn
(Strength-to-Weight Ratio) 111U 34.6
TnekansAEURNaENSEEE RN SFMYIE
AENANIATIAS 1B INIALIULAE ATATUINA
Finite Element Analysis 3saunsaazulai
TassadreniuuryL UL uiltudnunn
wuanuswdu (Oversized Structures) @uA3s
HardeainswamnuNuLU U eant mTnLAY
fanuud sussnun et g us (Proof Load)
MINUPTFIUENA

U 28 wamasanisAuaal FEA vaslpsias1edn
(wevulval) ad 9aIngavuTianiseenasenang
Tnnarsuaziinuen Huurnnissnssu
660 Alan3u

JUN 29 nmsnageutln (uxuuvvlus) Aregansie

Tun195U5uUganas AU LN UL UY
Tassananlnnedndn 2 iileanthviintu
Igvinsdsunlatasiadisazesiusznou
melulmitamalngenfouumelasiadng
wuuAdlilase Semi-Monocoque  sjawtfurilir
Riuneas ualassasnengluvan Wy lasesu
(Ribs) wnuUnudn (Spars) uauena (Stringers)
fauudausenniu Lﬁav‘iwmiﬁugﬂ s
16 Alan3yu FatesnnuaunuuiidlitSesas 38
Tnedulnafunananmsantiinvesdilives
dlovinismegeu nud Semuudusawnun
UPTFIUNTBUEMNIENT3 (Proof Load Factor)
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