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(Longitudinal Shear Strength) (S12) = 85 MPa glaxas &l ooy Cwglio

Slamao J21s by Cuglio a0 A BV cwoige ok ;Yw) Slamao 7,5 ooy Cwglis
(Transverse Shear Strength) (S13 or S23) =~ 65 MPa (544 0 423,85 Jai ,o

& it Materia
~r Edit Materia

Mame: Glass-Epoxy-Lamina

Description:

Material Behaviors

Hashin Damage
Density

*

General Mechanical Thermal  Electrical/Magnetic  Other
Elastic

Type: | Lamina i
[J Use temperature-dependent data
Number of field variables: 0

Meduli time scale (for viscoelasticity): | Long-term o

[] No compression

[ Mo tension
Data
E1 E2 Nul2 G12 G13
1 38000 8500 0.27 4500 4000
T B
w Edit Materia

Name: Glass-Epoxy-Lamina

Description:

Material Behaviors

¥ Suboptions

G23

K4

Hashin Damage

Density
Elastic

General Mechanical Thermal Electrical/Magnetic  Other

Hashin Damage
Alpha: |0

[] Use temperature-dependent data

Number of field variables: 05
Data
Longitudinal Tensile  Longitudinal Compi ive Ti Tensile p
Strength Strength Strength Strength
1 1000 700 63 200

¥ Suboptions.

iv Longitudinal Shear Transverse Shear

Strength Strength

s I

S gl = S o jguelS (o195 iy pxi 1 F-F S

4 5 S9bse Gl Ul 50 IS L Jlesl 5 e gaugie Sur SRselS U

Y¥
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oY Jb 035 hide sra¥ 5 (0 =18 kg/m") J&s Il aS Sl S5 03Y Lol 5o

sl Yo KOG sl 2 055 4S5 Jl= s il o kg
1‘,‘- Create Composite Layup bt
| Name: | CompositeLayup-Top
|
Initial ply count: 107

Element Type

Conventional Shell

Continuum Shell

Solid
— Edit Composite Layup *
Name: Compositelayup-Top
Element type: Conventional Shell Description:
Layup Orientation
Definition: | Coordinate system ~| &

Datum esys-1 [ L

Normal direction: () Axis 1 () Axis 2 (@ Axis 3
Additional rotation: @) Mone () Angle: | O () Distribution: &

Section integration: (®) During analysis (C) Before analysis
Thickness integration rule: ®) Simpson () Gauss

Plies  Offset Shell Parameters  Display

[[] Make calculated sections syrmmetric

Ply Name Region Material Thickness csys R:t:;::“ "‘t;:;'i:."’:"‘
1 ¢ Ply-1 (Picked) Glass-Epoxy-Lamina 02 <Layup> 0 3
2 v Ply-2 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3
3 v Ply-3 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3
4 v Ply-4 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 10 3
5 v Ply-5 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> -10 3
6 ' Ply-5-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> -10 3
T ¢ Ply-4-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layups 10 3
8 " Ply-3-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layups 0 3
9 " Ply-2-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3
10 ¢ Ply-1-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3
oK Cancel
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sl
-

MName: Compositelayup-Bottom

Element type: Conventional Shell Description:

Layup Orientation

Definition: | Coordinate system v &

Datumn csys-2 [ L

Mormal direction: () Axis 1 (C) Axis 2 @) Axis 3
Additional rotation: (@) Mone OAngIe: 0 () Distribution: &

Section integration: (®) During analysis () Before analysis
Thickness integration rule: ®) Simpson () Gauss

Plies = Offset Shell Parameters Display
[] Make calculated sections symmetric

Rotation Integration

Ply Name Region Material Thickness CSYs Angle Paints
1 ¢ Ply-1 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3
2 v Ply-2 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3
3 v Ply-3 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3
4 v Ply-4 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 10 3
5 ¢ Ply-5 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> -10 3
6 & Ply-5-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> -10 3
7 ¢  Ply-4-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 10 3
8 v Ply-3-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3
9 " Ply-2-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3
10 " Ply-1-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3
OK Cancel
e
w
Mame: Compositelayup-Root
Element type: Conventional Shell Description:
Layup Orientation
Definition: | Coordinate system v &
Datumesys-3 [ L,
Mormal direction: () Axis 1 () Axis 2 (@) Axis 3
Additional rotation: (@) None () Angle: |0 () Distribution: &
Section integration: (8) During analysis () Before analysis
Thickness integration rule: @) Simpson () Gauss
Plies  Offset Shell Parameters  Display
[] Make calculated sections symmetric
. . . Rotation Integration
Ply Name Region Material Thickness C5YS Angle Points
1 Ply-1 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 43 3
2 v Ply-2 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> -453 3
3 v Ply-3 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3
4 v Ply-4 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 90 3
5 Ply-5 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3
6 " Ply-5-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3
7 v Ply-4-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> S0 3
8 v Ply-3-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3
9 +  Ply-2-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> -45 3
10+ Ply-1-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 43 3
oK Cancel
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# Edit Composite Layup >

Mame: Compositelayup-Tip

Element type: Conventional Shell Description: |

Layup Orientation

Definition: | Coordinate system E” &

Datum esys-4 [y L

MNormal direction: () Axis 1 () Axis 2 () Axis 3

Additional rotation: @ None (O Angle: EI () Distribution: Iﬂl &

Section integration: (@) During analysis () Before analysis
Thickness integration rule: @ Simpson () Gauss

Plies  Offset Shell Parameters  Display

[] Make calculated sections symmetric % ==h | % = | % ==h | - &.:) | 4
Ply Name Region Material Thickness csvs “‘?ﬁg“ Integration

1 v Ply-1 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 45 3

2 v Ply-2 (Picked) Glass-Epoxy-Lamina 0.2 <Layup= -45 3

3 v Ply-3 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3

4 v Ply-4 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 90 3

5 v Ply-3 (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3

6 ' Ply-5-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3

7 «  Ply-4-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> a0 3

8 +  Ply-3-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 0 3

9 " Ply-2-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> -45 3

10 " Ply-1-Copyl (Picked) Glass-Epoxy-Lamina 0.2 <Layup> 45 3

Conce

Craiwg 4l ;o +,¥ MM Cwols b (S g1l — S Co jomols ¥ Vo iy j2i 092 :0-Y Ko
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5 S s Vg i Y asb 5o ol 25 Ol s 4 a8 coul (HINGE) Yol (gans awain
Sl 0l Q;J.E; BEAA MPa VTLNS r&,r.‘.'.w‘ \JAL-].].OO H14 r‘,:.:.njj-" 5\.;5-" )‘ AQJLE_A C&?L:M‘
AL-1100 H14 ¢ 50 T 3UT JU 20 ol = (Create Material  gs jloslizal L (7-¥) JS ollas
g5 Yy awda clu.» Create Section , sws 3l eslewwl b e 9 (E =V GPa; v = .¥v)
AsSigN | szws 31 eslizal b Colg 53 5358 o o (g s ;ﬁ&) Solid, Homogeneous

Al oo el Vg anta phde a0 oy 2 JL e Section

& ot Materia <
MName: AL
Description: )

Material Behaviors

Density

General Mechanical Thermal Electrical/Magnetic  Other ¥
Elastic
Type: | Isotropic ™ ¥ Suboptions

[[] Use temperature-dependent data
Number of field variables: 03
Meduli time scale (for viscoelasticity): | Long-term ™

Mo compression

[1 No tension
Data
Young's Poisson’s
Modulus Ratio
1 70000 0.33
T S, X
- w Create Sectio
o Edit Section Assignment X
Region Mame: | AL
Region: Set-4

Category  Type

Section: | AL | ﬁ‘ () Shell Generalized plane strain
Note: List contains enly sections O Beam Eulerian
applicable to the selected regions. Coemposite

Type: Solid, Homogeneous

Material: AL O Other

0K Cancel s

Yol awaid & Jb yio pamasi 9 Yol alaiio olow | g AL-1100 H14 JU yie iy a5 ogoui :7-Y JSCi
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b s e 4 5ks Loz AL-1100 H14 i 5l Yol a5 cal (59,0 4355 ol 55 Lyl 4o
S plasl oo S plail ail o yiog, S Fro B Ve olprinn Culbus b Couw plail 4V
253 Qe S salgs sl Voone) (sl Sls 2SI Sy yo Wl licay posiasll ()T o a5 o
Sl g oSl ueded sl slY (4250 Hio Suo5) b sbed 9 Vb 0by2 b g 05 (o
Gl aly 518 095 51 Lado Y cpl aldl a5 0gd o JSiS mhaw (55, (Al0s) pgiegll oS
sl (ol aid in oleandg xS0l a1 3 S o plasT 5 le 4 (Cancs 00badlo] idbg)
S8 (b5 oled )3 ohw 5 g o Yol aile GlalaS )3 5 09d e plol uled (S
SINTEbB (o8 LT polie s YU osls s Ve e e (g lagldl sl pladlsn 5 taio
&S Sl 5,50 skt b Vickers Hardness los HV) Yo-f- HV o dican lls el 58 .00l
plnl paseio )b cod az )3 WYP Gl gl b pep (ololl S (K288 ol 2 5,505 (a5
VOB Ve sgas xbhaciin Syle 4 e HV Fe g e tan gl S plasT aY g (040 o0
Dgdn yuie plp

o oY hls o jbsleg, ol (porous) Jsdsewe s tsle (AlLOs) corw plal Y
ol Omizen bl oo YU o (goges Olax b gunnST slaygiw 5 ol o (Barrier layer)
9 Wb 2,y S 5 9,0 Jore willyh oo g dias o0kij5> Slapym 9 Cusb; S9d Jore b Jlss
sobaeds Il Y laJodss (55,5 5 b cries Sukew ke 4 a8 o (Sealing) Sl
TAR-AY] 555 oslizisl Wilg3 oo SIhasl o5 jarly S5a lsic 4y yslis (g,l pb L
J&wb&&h@‘o‘ﬁkbw&h@‘ﬁ&u‘%@wbww)ééyy@hﬂw%)b
AS e

yokaie) ST-4130 QT oY 5LIT JU yio 5 FA\Y MM Jobo 910 MM LB b oy a5 ol S 4 03
2Ll g sl ilidl glp o)l Gldes 245 a5 <l Quenched & Tempered )laa QT

*Hard Anodizing
YPolytetrafluoroethylene
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(Create Material jsiws 5l ooliiul b (V-Y) S5 gollas .l ool olbeil (Cowl 0¥ 58 calio Jsbo
Sgd | ooliiwl b e 9 (E = Y-+ GPa; v = -.¥) ST-4130 QT ¥4 5LT JU oo oles
25,5 oo sy (g8 g Swen) Solid, Homogeneous gqi ;i o awsin alaide Create Section

elas! o dwain slade 4 ouls (x5 U e Assign Section [giws ) eolawl b culys o 4

ol o Materia W
w Edit Materia

MName: Steel-4130 QT

Description: 2

Material Behaviors

Density

General Mechanical Thermal Electrical/Magnetic  Other ¥
Elastic
Type: | lsotropic M~ ¥ Suboptions

[[] Use temperature-dependent data
MNumber of field variables: 0%
Moduli time scale (for viscoelasticity): | Long-term e

O Ne compression

[ Ne tension
Data
Young's Poisson’s
Modulus Ratio
1 200000 0.3
e - Lo e ol Eo g p
e \_M23TE SECTIC A e Bdit Section Ass

Region

Region: Set-6 [

MName: | Steel-4130 QT

Category — Type

- Secti

() Shell Generalized plane strain Section: | Steel-4130 QT v
) Beam Eulerian Mote: List contains only sections
Composite applicable to the selected regions.

Type: Selid, Homegeneous
(O Other Material: Steel-316

Cancel oK Cancel

O dwadd 4 Jb yo (amasd g o adadio olxs| 9 ST-4130 QT JU yio iy a5 0o Y- i

FM300 ,.Ls (Epoxy structural adhesive) owSs! slojle oz g9 5l woliiwl 8 50 con
S g pas g Gpouds Bygal LSl LYo 4 45wl oo Scotch-Weld 4 Araldite 2015
s b olgy b JLadl g o0l 350 o 05500 4385 L5 L5 55l 50 4 SL
Cohesive Elements g, 5| Jlas gjlwand 10 0,5 oo 1,8 colaiul 5,50 128 5 Yol 030050

taan = Ygore oladlen sloojle 18 o oa3ly Colies ol oads solit] (Sl slagy Lol

)



GBS (il by, tpgm Juad

Calies b ol Jb Sg5 bigd ! adaiio 5l oolitiw] b cans dusdin 39 o 423,5 ,la3 o -.¥ mm
Sy il o E=YGPA&V = Y0 O g0 4 e SV plgs .l 0als slog! -,y mm
S on olal (CZM% Sl 4>l g, 5l cax g3l Jow

5 dg. o0 SUS Create Material — Mechanical— Elasticity— Elastic coud g9, » lail ;o
«!» Epoxy Structural Adhesive sb g 34 oo sl Traction g0 4y Sl > g4
LOV] el ol iz aw Jolis CZM Jae Abaqus o

(Gglgl caw) Sl aw -)

E _ v---MPa

G = YO0 Y04-ve) v§- MPa
__E _x-MPa_ v o
Kn = taan  -ymm v N/mm Jbey st
G _ Vi MPa . .
Ks =K, = = T =Y N/mm" ey e (Y-%)

1090
max (t—” b E) = (Y-Y)

tn 't
il 325 Oype 4 Jglaie polie
t, =Y. MPa Jley Cge siiS plSol
t; =ti = Y0 MPa ooy Sl
Damage) (cow! cuSis 65,50 g9 51 45) ] Cdin boole JolS plogs! a5 o, jlre =Y
:(Evolution

:Benzeggagh-Kenane (BK) .48

n
Ge = Gf + (G, — G) (2 (¥-A)

Gi+Gyy
Al 9 | Lgl.(bo}o e éb.a.c @Eﬂ »\5 6‘)‘ D CenSs 6))-" &> ﬁdLB.c
kJ N.mm

m’ T mmY

c kJ N.mm
GII = . _‘, =-.19 v
m mm

“Cohesive Zone Method (CZM)
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n=1.Y8

Dgs on ool (95 g medais) Viscus Regularization ;1 el o ol Sen gl p mizen
U=\~ ."TTopapaxy. 0
Jb yie < 425 o Visscosity coefficient g Damage Stabilization Cohesive (jlsic 45 yial L o

5 Cohesive gqi 5l abgs o alaio iy 25 5 5 Slojle sz Jb o iy y25 0920 09 oo ool
el 0ol 0ols Las (A-Y) Ko yo Llai 0550 adato 40 b yie ool plas

¥ Edit Materia s
Name: Epoxy Structural Adhesive

Description:

Material Behaviors
Maxs Damage

Damage Evolution
Damage Stabilization Cohesive

General Mechanical Thermal Electrical/Magnetic  Other 4
Elastic
Type: | Traction 4 ¥ Suboptions

[] Use temperature-dependent data

Mumber of field variables: 0=

Meduli time scale (for viscoelasticity): | Long-term 4

Mo compression

[ Me tension
Data
E/Enn G1/Ess G2/Ett
1 10000 3700 3700
T Y L
v Suboption Edito
A o Materia
L ateria

Damage Evelution
MName: Epoxy Structural Adhesive

Type: | Energy I~ Description:

Softening: | Linear i . I
Material Behaviors

Degradation: | Maximum ~ Maxs Damage

. ) Damage Evolution
Mixed mode behavior: | BK il Damage Stabilization Cohesive

Elasti
Mode mix ratio: | Energy astc

Power 175 General Mechanical Thermal Electrical/Magnetic  Other

[] Use temperature-dependent data Maxs Damage

-

Nomberol S 0= Direction relative to local 1-direction (for XFEM): @) Normal () Parallel
Data Tolerance: | 0.03
Normal Mode Shear Mode Shear Mode Position: | Centroid M~

Fracture Energy  Fracture Energy

Fracture Energy "o i Direction  Second Direction

[] Use temperature-dependent data

1 0.35 0.9 175 Mumber of field variables: 0=
Data
N IStress N IStress N | Stress
Normal-only Mode First Direction Second Direction
oK 1 30 25 25
P -
S Suboption Editor X

Damage Stabilization Cohesive

Viscosity coefficient: | 5.3E-005

QK Cancel
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3
1 el
i -

Mame: | Adhesive

e
ar
Mame: Adhesive

Type: Cohesive
Category — Type

(O Solid Gasket

O Shell Response: | Traction Separation

Material: | Epoxy Structural Adhesive =

| O Bearm Acoustic infinite Initial thickness: (@) Use analysis default
Acoustic interface () Use nodal coordinates
@ Other () Specify:

[] Out-of-plane thickness:

s |
wr

Region
Region: Set-3 [

Section

Section: | Adhesive e EE‘ [

Note: List contains only sections
applicable to the selected regions.

Type: Cohesive
| Material: Epoxy Structural Adhesive |

| 0K Cancel
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A plol ledloslasl ay s ol Plaw ]l sl jslaisas (Mesh Convergence Study)
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Mesh Convergence Study- Maximum S11 (MPa)
in Bottom skin (0° Ply)
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398 s § Canl 00l Judow NVEe ol e Cad (69,0 v Jb ol Jow o
D9 (5lwib Vel Al o lygs (LI L JU sloyl 15 ,L8 ) aS ouls oy o (glasgS ey

Sl 00l Jlos! (Center of Pressure) jLas 5 e alais jo Caad (g9, cpol> Juds 4o
oAby y2i Slaise

((vevomm b Jsb) JU Se 5l Jeb alols e

Xc.p.=vo/ (Wing Length) = -.Yo * YfY0 = Ad- mm

((YO- MM 5,65 Job) S5 Jgdpl 0,95 (59, alols o
Yc.p.=vo/ (Chord Length) = -.Yo * Y0+ = #Y.0 mm

b S e g G & V00 as alox 5Ly eoguome ;o (g ny Bylaie slalosd ! sl
Gl 008 58 Saliy g T SeodlS 2zl po 45 E9550 Cotl 0y ice 58 3,55 Jsb LYD& K5
Oloreds 5,55 YO alats Lol S po potd ales asgly b Glid 556 wosdly o [FY (YA]
YO0 o i )b Ygane glojlo slo Julos 15 5,15 (s 5euls oo ,i5 Aerodynamic Center (AC)
S5 oo Jlos!

IS glas C.P. J=e yo Reference Point G coewly caows JU (59, p Setd (59500 Jlosl Cp
Dden Jlosl alin job 4 5 e Ceoms Jb 55y 2 S o5 el 0al slm) (F-)Y)

ol 00y Juate abogs po xlaws 4 Coupling 6 DOF (Kinematic Coupling) b akais |

ol 00 Jlosl RP. & i gliasl, 10 151, F N (g9

el o0 el Gl oyl

D9l e gl 4y oaba j58 O jg0d b )

g ol (ABly s 5 S ped =Y

30,5 ol SVl jaee B CP. alold 5l ob Jioen jgliss Y

3,50 agly o XC.p. plow) Jugls Z laises w2 (59508 00y] St (sl o8 ol S5 4y 05Y
5 0uls 55l (ched Glow 9 (Gl 5590 aygly y0 CP. ahads gl )] plas) JLolS Y Slaisee (s

ol 00l ALB g 1) e 4 Mathmatica oS G (M e (54,008 00isS Jolaie

Y+ -.v0

6 =-.;A0 = * Y.£Y0; A1l = A0 * Cos[@ * t/\A-]; p = V.YYo;

V=A/vs;CL=-AL=-0%xAlxp*xCLxV";
Z = N[Aa‘ * Cos[6 *n/\A~]];Y = N[Aa~ * Sin[6 *n/\/\~]];
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M =L = (Yfvd * Cos[@ xt/\A-] — Z);
{L,Z,Y,M} = {A#\.f N, A0 mm, -.mm, Yof)ov.0 N.mm}

& Edit Load e

MName: Lift-Right

Type:  Concentrated force
Step: Step-1 (Static, General)
Region: Set-2 [p

CSYS: (Global)y [ L

Distribution: | Uniform b fix)
CF1: 0

CF2: 161.4

CF3: 0

Amplitude: | Amp-1 M

Follow nodal rotation

Note: Force will be applied per node.

oK Cancel

a3 30 Yoo a9l 50 Cawly Coomw JLC.P. adadi jo Cld (590 Jlos! :N)-F ISCS

S35 (2o ol b by 90 laJl Jobss izmen g 138 5 Vol pilSe Jols Cuer
Comd )0 Cbed (55508 (g0aiS Jolaie (59,5 U Fy = - & XMy =+ ) aly )3 Vol joe o>
JS8 Billae (Vg 5o alai) RIP.3 (59, a0 jh0 agl; )0 Cunl) Caas Jb al; J1s8 0] 55 50
b8l 35 po Ceand 1o ] (59,05 (GouiS Jolaie pdod (5lliS (rizrad 09l g0 Jlas! (F-1Y)
Jlosl (VF-T) USc llas (F o yo 4lai) RP.3 (55, 53 455 yio dssly 1o sl o Jl
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Croms JU iy, Jigdpl Crond 5o lds oausS Jolate HolicS 5 5,0 ol ol 53 b p3Y 05 oo

Higd s 3)ly mb

o= Edit Load >
Name: Force-Right

Type:  Concentrated force

Step: Step-1 (Static, General)

Region: Set-10 [3

CSVS: (Global) [ L
Distribution: | Uniform M )
CF1: 0

CF2: -1614

CF3: 0

Amplitude: | Amp-1 [V IAY,

[ Follow nodal rotation

MNote: Force will be applied per node.

oK Cancel

30 Gl y Couw JU alisy S99 0 35 30 Coomnd )0 Cld (59 5 (G0aS Joleio (69 30 Jlos! Y- STl

430 yhuo 439l

= Edit Load *
Marme: Moment-Right

Type:  Moment

Step: Step-1 (Static, General)

Region: Set-13 [

C5YS: (Globaly [p L

Distribution: | Unifarm L fix
CM1: -254153

CM2: 0

CM3: 0

Amplitude: | (Ramp) M My

[] Follow nodal rotation

Note: Moment will be applied per node.

OK Cancel
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C.'a.wb Coum Jb 4.»») Ja,&f‘ )5)» Ccoomnd J° QAJ ‘55).:3 ‘50..\.'».’»5J¢l:.}‘.o ,,l:.&o‘ ,JLo.C‘ Y-y JLJB

a0 yhuo asglh 40

E:IBc:l.ln:lel'_.'Cc:n:litic:n x
MNarne: BC-1

Type:  Displacement/Rotation

Step: Initial

Region: Set-14 [3

CSYS: (Global) [3 L
du

u2

U3

Juri

[Jur2

[Jur3

Note: The displacement value will be
maintained in subsequent steps,

ol

o el o U3 g U2 60151 @il o (40,5 audie o9 (1 F-T S

& Edit Boundary Cendition
MName: BC-3

Type:  Displacement/Rotation
Step: Initial

Region: Set-15 [

CsYs: (Global) [3 L
E1 U1
uz
Ju3
CJURr1
[ UR2
[~1 UR3

Note: The displacement value will be
maintained in subsequent steps.

Conce

AR
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= Edit Boundary Condition
Name: BC-5

Type:  Displacement/Rotation
Step: Initial
Region: Set-16 [3

Csvs: (Globaly [3 L
U1

Ouz2

Ous

O urt

UR2

UR3

Note: The displacement value will be
maintained in subsequent steps,

QK Cancel

J198 31 RP-3 a5 yo alaiti cound UR3 g UR2 (UL (g0l31 il yo 13855 sudlo 09205 15— S

(Camwly Coouw JUb Al

9 (Interaction) wlei (g3lwJow (Jo (Step) ol Gy i —Y-0
(Run) albcwwo gl =1

€9 ol 00l iy (VW-T) JSo illae Static, General & 50 0 J> il g

bl Jds cwl o a8 3 Jlai o (JWd) On Ldos ol jo (NIgeom) oo jog oz .8
ool )L, =Y (V) F N ol cad) el (Solewl als (6,138 )L =) & el oyl %;fwl g9 oyl
b e o aieils () Cohesive (L3, -V il ppe ol (San wain o e [ o>
b 508 3l a8 (Al Gugame ailas 4y St ) W3k 4z g BB L Giod Sl
950 dogi S L sloojlu sl g Wi o Bl 1) 550 sla S s Sl 5 I ia
) o gloo Jl (oadly Jlid) L JIS5le (SUISe a5 5l 5l soae a5 ) Jae samasi
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¥ Step Manage x
Name Procedure Nigeom Time

v Initial (Initial) N/A N/A

[' Static, General

Creaté.... Edit... Replace... Rename... D‘elete..:” -ngeom.... Dismiss
T -
a Edit Step

MName: Step-1
Type: Static, General

Basic  Incrementation  Other
Description:

Time period: | 1

Migeam: On 7

Automatic stabilization: | Mone o

[ Include adiabatic heating effects

o Edit Step *,
Mame: Step-1
Type: Static, General

Basic Incrementation  Other
Type: @ Automatic () Fixed
Maximum number of increments: | 100

Initial Minirum  Maximum

Increment size: | 0.1 1E-005 1

Static, General & g a3 Jo ol g5 IV-Y IS

s RP-2 iman 5 oy Cos Jb 2ol @ty s RP-1 55 g Yol 9 R.P-Hinge o SlisS
aly, o Rigid Body ;1 eolaiw! .l oals ools lad (VA-Y) JSo 50 o Cons JU (il aiwsgy
el (VA-Y) s Gsllae U

by o 09 5l LAl S5 sla s i )

o> Gloe FESIESe s WY

over-constraint;| s .5sl> .Y

$oae ol Kop 0gugy ¥

Bei oo Slojle o28ly Jlasl a4 Jow ol 5 SGo5 .0
elablen slaojle Jlos 1 g ol game sy g a6 ,555 Jgol sillas SalS oo

Al s ol

ay¥
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= Edit Constraint *
Name: Coupling_1
Type:  Coupling

f Control points: m_Set-1 Iy
I Surface: s Surf-17 [
Coupling type: @) Kinematic
(O Continuum distributing
(O Structural distributing

Constrained degrees of freedom:

MUt [guz U3 [ URl [ UR2 A URS

Influence radius: ® To outermost point on the region
() Specify:

[] Adjust contral points to lie on surface

CSYs (Global) [y L

QK Cancel
&= Edit Constraint
MName: Coupling_2
Type:  Coupling

i Control points: m_Set-4 Iy
I Surface: s Surf-18 [
Coupling type: (® Kinemnatic
(O Continuum distributing
() Structural distributing

Constrained degrees of freedom:

Mul uz U3 M UR1 A UR2 4] UR3

Influence radius: @) To outermost point on the regis
() Specify:

[] Adjust control points to lie on surface

CsYS (Global) [ L

oK Cancel
= Edit Constraint

Mame: Coupling_3
Type:  Coupling

I Control points: m_Set-3 [
I Surface: s Surf-19 k
Coupling type: (® Kineratic
(O Continuum distributing
() Structural distributing
Constrained degrees of freedom:

Ut Fluz #U3 [ URT [#] URZ [~ UR3

Influence radius: (® To outermost peint on the reg
(O Specify:

[] Adjust contral points to lie on surface

CS¥s (Global) [3 L

oK Cancel
9 C«»‘) [Wrew Jb wb Awed 9 RP-1 9 Y,J ) R.P-Hinge O /'" 55 SA-Y J&w
2 o JU Sl atwgy g RP-2 (poxon

[ATA]
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= Edit Constraint x

MName: Constraint-10

Type:  Rigid Body

Region type Region [\c‘
2 Body (elements) (MNone)
Pin (nodes) (MNong) @’
Tie (nodes) t_Set-6
Analytical Surface (None)
Reference Point

Point: (Picked) [3

[ Adjust point to center of mass at start of analysis.

0 Constrain selected regions to be isothermal
(coupled thermal-stress analysis only)

o] Cancel

&= Edit Constraint >

MName: Constraint-11

Type:  Rigid Body

Region type Region N
Body (elements) (None)
Pin (nodes) (None) y
Tie (nodes) t_Set-8
Analytical Surface (None)

Reference Point
Point: (Picked) Q

[ Adjust point to center of mass at start of analysis.

0 Constrain selected regions to be isothermal
(coupled thermal-stress analysis only)

0K Cancel

Wiy s L2982 b cud y 4 RP-4 g RP-3 22 5o bl oy Rigid Body i a5 14-Y S

e 9wl gl

Lo 5 ol e sV Ly o Sl Yl b 5 S sl e sl Sl 5o
8L MA g Y Lags 35 5 ¥3) 050050 L sy cslaJl o JL! )

2l Glojl conzr bangi 38 9 Vol o5l b olgy sladle e Jlail =Y

s bt 90 Gl b a0 Yo g Ve N e ao Glagly cdl> T o YL s g 5l plas 5o
D9 s

iloas RUN) 1>l (V--T) S sillas Jol cdl> slo do
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e
-
Name Model Type Status Write Input
UAV_Wing_Hinge_0deg_Final UAV_Wing_Hinge_0deg_Final Full Analysis Completed Data Check
UAV_Wing_Hinge_10deg_Final UAV_Wing_Hinge_10deg_Final Full Analysis  Completed
UAV Wing_Hinge_20deg_Final UAV Wing_Hinge 20deg Final  Full Analysis Completed Submit
UAV_Wing_Hinge_30deg_Final UAV_Wing_Hinge_30deg_Final Full Analysis  Completed
Meonitor...
Results
£ >
Create... Edit... Copy... Renarmne... Delete... Dismiss
a0 Y g Ve e o0 Glagly cdls F jo Jgl el b fdxd gl :Ve-F TS
Sk 99 sl o

0 Uian! b (ylonolol oy domslno § CoamiSid 51 ylaro iy 25 —Y'—F
o cr99 3 (QUADS) 95 aud yo (il ool 5o jluso
S oy 4 5By e S (gl s lsie 4 Hashin  Tsai-WU Lo 55 Ygons
s 7yl Loy j90elS
g SO Jlre ol b oo (25,5 (551 AL (6 gl (AT lae TSA-WU cuSll jLins
il 25 S Shs SIS 5 S (oo i 5 o s (gLad o lges CeSCO Ly ols
ol eslin 3 Kileadlios SKilood 2 3500lS Sl (sl >
.Cwwl (Iinteraction terms) oS 5 sla ps 285 o s 08 >
cal o Gy a3 Ogo ) &S pleie iliee laliuly o 1, Led g maS b Wil e >
(o
b Sl (Kx5end Do) Cenls p3ilSe Lol "5 b ool &) S am o )it g5 Jlme (]
WS (oo pazdie |y (o yile
5 ol oad b S glacyjemelS (sl o cud b libon sy jlas udle CaSd L

il 325 sla Sy sl

‘Quadratic Stress
‘phenomenological
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S oo LS |y oSl pplSe
(Fiber tension failure) _zzs o S cuss v
(Fiber compression failure) ,Lzs jo SUI e v/
(Matrix tension failure) _ziS o e jle coSls v
(Matrix compression failure) ,Lzé ;o s ylo cuSs v/
3,ls 1, (Stiffness Degradation) _elss w05 C8l g coml 0l (o3loJoe bl >
sl ool Jolods g oS3 Jgao Sl 0S5 2ty (iluannd glp cslis >
Dgd oo S 5 caml Jaw b >, 4 Abaqus Jie olalble 5 0 >
oolaul ol slo JU ;o TSal-WU 5 pisle o 55 slojlare 5l el LG cpl jo cnl S5 a4y 03V

b oo (F-1) SYolre Gollae Hashin co 50 Lias 098 oo
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X_T) + (? <\ -  Fiber Tension Mode (h

;—") <\ —  Fiber Compression Mode (*)
c

vl

~
IA

\ =  Matrix Tension Mode @

vl

~
IA

A Matrix Compression Mode (o)

|
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+
/N

19
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—
+
/N
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“lQ

<\ -  Fiber Matrix Shearing Mode () (Y-%)

L
F
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S bl 5 Ysoss (Damage Initiation) ol £, AbaQUS s o354 Cohesive sl Jas 5

LOV] 050 o 05 sl
Maximum Nominal Stress (MAXS) e
Maximum Nominal Strain (MAXE) e

Quadratic Stress (QUADS)
Quadratic Strain (QUADE)

(o2l ol iiS adlie 4w Cohesive Ll o
On Tsy Tt
ras
(Opening — Mode I) | 350 o oo 5 3508 Jloyi 50 @
(Mode 1) Jsl sbewly o g o5 Tg @
(Mode 1) pgo gliwly jo oy ST, o
:Cohesive sl L)l sl Abaqus s
390 Sz« (Normal direction) cul iz zhw p ogec dives LOCaAl-3 joo o
g a5 col o Sy L cpl Lol ol O sl o 1 g0 0 S5 Saigsh
W PR WORE-TR P LR
L X 920 (Shear directions) «ls |1 8 cauz axaw ,o Local-2 g Local-1 sla,ge o
Jsdpl amio 31 1o o1 5 ogee bialy 3 Y LY jome 5 hgdnl 0,65 sl 50 )
R
— il S gl cuz collns 4 Az b Oy = Sk Ts = 5005 T = Sy e pl b
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U, Magnitude
+1.523e-01
+1.396e-01
+1.269¢-01
+1.142e-01
+1.015e-01
+8.882e-02
+7.614e-02
+6.345¢-02
+5.076e-02
+3.807e-02
+2.538e-02
+1.269¢-02
+0.000e+00

Max: +1.523e-01

Node: PRIMARY_ WING.41673

U, Magnitude
+1.523e-01
+1.396e-01
+1.269¢-01
+1.142e-01
+1.015e-01
+8.882e-02

+3.807¢.02
+2.538¢-02
+11260¢-02
+0.000e+00
Max: +1.823¢-01
Node: PRIMARY

ODB: UAV_Wing Hinge 0deg Final.odb

Step: Step-1
Increment  6: Step Time = 1.000
z Primary Var: U, Magniiude

ODB: UAV_Wing_Hinge_0deg_Final.odb

Step: Step-1
Increment 6: Step Time = L.000
Z Primary Var: U, Magnitude

Abaqus/Standard 6.14-1 Mon Feb 16 21:09:19

4230 yho largly cdlo o Vgl p5illo g olstg JL U 90 acgosmo (M5 Syt )96l N -F S5O

8, 811 (CSYS-1)

PLY-1-COPY1 (middle)

(Avg: 7800)
+2.631e+02
+2.324¢+02
+2.017e+02
+1.710e+02
+1.402e+02
+1.095e+02
+7.880e+01
+4.807e+01
+1.735e+01
-1.337e+01
-4.410e+01
-7.482e+01
-1.055e+02

Max: +2.631e+02
Elem: PRIMARY_WING.5858
Node: 445

X

Step: Step-1
Increment  6: Step Time = 1.000
Z'y Primary Var: §, S11 (CSYS-1)

ol 3l a0 o Y (gl o JU Jogd ! (sadny 5o aludn S1q

(Y#Y,) MPa luis)

1)

ODB: UAV_Wing_Hinge_0deg_Final.odb Abaqus/Standard 6.14-1 NMon Feb 16 21:09:19 Iran Standard Time 2

o Y-F S
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8, 511 (CSYS-1)

PLY-4-COPY1 (middle)

(Avg: 7504)
+2.126e+02
+1.832¢+02
+1.537e+02
+1.243e+02
+9.487e+01
+6.543e+01
+3.600e+01
+6.563e+00
-2.287e+01
-5.231e+01
-8.174e+01
-1.112e+02
-1.406e+02

Max: +2,126e+02
Elem: PRIMARY WING.5858
Node: 445

ODB: UAV_Wing_ Hinge (deg Final.odb Abaqus/Standard 6.14-1 DMon Feb 16 21:09:19 Iran Standard Time 2

X
Step: Step-1
Increment  6: Step Time = 1.000
Z v Primary Var: §, $11 (CSYS-1)

ol 3l az o HYe Y uoylez 5o JU gd ) (sady 5o ddadtn S G5 Y -F IS

(Y\Y.% MPa ,laio)

S, 822 (C8YS-1)

PLY-4-COPY1 (middle)

(Avg: 7500)
+1.759e+01
+1.516e+01
+1.274e+01
+1.032e+01
+7.892e+00
+5.468e+00
+3.045e+00
+6.209e-01
-1.803e+00
-4,227e+00
-6.650e+00
-9.074e+00
-1.150e+01

Max: +1.759¢+01
Elem: PRIMARY WING.5858
Node: 445

ODB: UAV_Wing_ Hinge (deg Final.odb Abaqus/Standard 6.14-1 DMon Feb 16 21:09:19 Iran Standard Time 2

Step: Step-1
Increment  6: Step Time = 1.000
Primary Var: §, 22 (CSYS-1)

e

(\V,; Mpa )‘M) C’.:JL’ )‘ 4?)& +) ﬂy OM)LR )& MSZZ w F-f J&&

2



=l )k Juad

S, 512 (CSYS-1)

PLY 4-COPY1 (middle)

(Avg: 7500)
+2.776e+01
+2.350e+01
+1.924e+01
+1.497e+01
+1.071e+01
+6.449e+00
+2.187e+00
-2.075e+00
-6.336e+00
-1.060e+01
-1.486e+01
-1.912e+01
-2.338e+01

Max: +2.776e+01
Elem: PRIMARY WING.5858
Node: 445

ODB: UAY_Wing Hinge Odeg Final.odb Abaqus/Standard 6.14-1 DMon Feb 16 21:09:19 Iran Standard Time 2

Step: Step-1
Increment  6: Step Time = 1.000
Z v Primary Var: 8, 812 (C8YS5-1)

(YV,A MPa )'«.\.D.n) L"‘-’-b )" 4?).) +1. Ny C’M)Le‘-’? )-5 512 uu.b O-¥F J&m

sl ) grd 4 Sl -l (ool (ol (bl sl Jlors o

(Longitudinal Tensile Strength) (X7)=\-.- MPa Gl gjlse i s

(Longitudinal Compressive Strength) (X¢) = V.- MPa QU s5lee s, Lid s

(Transverse Tensile Strength) (Y7) = 6 MPa o ,e oS s

(Transverse Compressive Strength) (Yo) = Y-+ MPa 5 e g,lid s

(Longitudinal Shear Strength) (S12) = 85 MPa glaxas Jls ooy Cuoglin
Sgb oo o BUI Giliee sblgy 4o oSl (pls> (1-F) salal, 5ub ol S3 4 a3
V%]

0 =1/\A;0" = 9+§;XT= Veoos YT = 50 S = A,

\

XT' = ;
JSin[e]Y*cOs[e]Y _sin[6]* sin[6]"«Cos[6]" . Cos[6]"
sv TYTY XTY TXTY
YT = ‘
sin[6']"+Cos[6’]"  sin[6’]" sin[6']"<Cos[6’]" . cos[6’]"
sv CYTY XT" TXTY
\
S' = ; (f-V)
¥Sin[6]"+Cos[0]" . ASin[0]"+Cos[0]" , (Cos[6]"-sin[6]")"
YTY ' XTY ' sY

W lor Gy az 0 Vo BL aggly 0 aS

XT' = t#0.Y MPa; YT' = s0.A MPa; S' = Af.Y MPa

)



2l eyl Juab

S \V.7 S Y\Y.$ . ) . ) )
5 () =2f= v (B = HE = rh alie 5 0-F) B () oSt 4 arg LI

Yr s5% X7 fra.s

. . . o e - v (S22 _ YVA
ey Geelez) az e+ sasly b s W g wllioe XY L0y 5 (SBL jao gliul) X
5o (FOS) el o o cuiile gadayly @ azgi b aS o)l |, ais Comdg 5 Slze (b

ay\" oo\ "
=] +(=) <\ > FoS = - T = o ~ 3.42

) +6) ()@ GG

Y MPa )] Jlade a5 conl (-F) UKo @ollas 4> 50 a0 asgly Sl 50 55 Vol jus 98 L5
Jolee licebsl o po wenl Y- MPa a5 AL-1100 H14 pgingl ol alSouinl b 13 .l

Y
sl s FoS == =7.2

S, Mises

(Avg: 7504)
+9.677e+00
+8.870e+00
+8.064e+00
+7.258e+00
+6.451e+00
+5.645e+00
+4.838e+00
+4.032e+00
+3.226e+00
+2.419¢+00
+1.613e+00
+8.066¢-01
+2.340¢-04

WIax: +9.677e+00
Elem: UAV WING+++.141
Node: 248

7 x ODB: UAV_Wing Hinge Odeg Final.odb Abaqus/Standard 6.14-1 DMon Feb 16
Y Step: Step-1
Increment  6: Step Time = 1.000
v Primary Var: S, Mises
Q.Y MPQ) 4z ;5 oo asgly Cdl> ;0 Yol 10 jumno (399 i :#-F JSi
a0V Glasgly edl> -F-Y-Y

e a8 el slge Jb i ) gy pa JS5 ik (i a5 el o ool L (V-F) S

il e 0oy mm Lo

55



2l eyl Juab

S A S Y.SY R i ) ] )
s(ﬁ) = ..vf‘(ﬁ) =—— = Y aslio g VV-F) U (A-F) la IS8 4y am g5 L 1

yr/) sy Xr)  fras
. . . o e . v (S22 _ YRR _
by slacqe )3 pllotinl 4 S (835 (59 (nyiian 45 09 o0 S (T) ==
AP oml 3l az e Ve Y e 1 5wl e XY b g (BU Hao L) X

o ¥ Og ¥ _ \ _ \ .
(x_;() + (?) sV > FoS= @) S 3.04

1,0 MPa ] Jlade a5 el (VV-F) UKo Gollae ax,0 Ve augly Sl )0 55 Vg o 98 (25
Jolee liebsl o po wenl Yo MPa aS AL-1100 H14 pgingl ol alSouinl b 13 ol

ail e FOS == 7.4

.0

U, Magnitude .
+1.524e-01 Max: +1.524e-001
+1.397e-01
+1.270e-01
+1.143¢-01
+1.016e-01 ;
+8.892¢-02
+7.622e-02
+6.351e-02
+5.081e-02
+3.811e-02
+2.541e-02
+1.270e-02
+2.814¢-11

Max: +1.524e-01

Node: MIRRORPRIMARY WING.40260 U, M:%nﬁig;dem
. e
+1.397¢.01
+1.270e-01
TLbteent \ _g{.ﬁuwm
+8.892¢-02
+7.622e-02
+6.351¢-02
+5.081e-02
+3.811e-02
+2.541e-02
+1.270e-02
+2.814e-11
Max: +1.524¢-01
Node: MIRRORPRIMARY_W

v ODB: UAV_Wing_Hinge 10deg_Final.odb Abaqus/St:

Step: Step-1
Increment  6: Step Time = 1.000
Z Primary Var: U, Magnitude

_Wing_Hinge_10deg_Final.odb Abaqus/Standard 6.14-1 [

p-1
crement  6: Step Time = 1.000
rimary Var: U, Magnitude

az 50 ) largly el 5o Vol p 3l 9 Ol Jb U 90 as gosmo (A5 JSUb pdd 5 g6lS :V-F JSS

sY



=l )k Juad

8, 511 (CSYS-1)

PLY-1-COPY1 (middle)

(Avg: 7504)
+2.554e+02
+2.256e+02
+1.957e+02
+1.659¢+02
+1.361e+02
+1.063e+02
+7.644e+01
+4.661e+01
+1.679e+01
-1.304e+01
-4,.287e+01
-7.26%e+01
-1.025e+02

Max: +2,.554e+02
Elem: PRIMARY WING.5858
Node: 445

ODB: UAV_Wing_Hinge 10deg_Final.odb Abaqus/Standard 6.14-1 DMon Feb 16 21:12:15 Iran Standard Time

Step: Step-1

Z Increment  6: Step Time = 1.000
Primary Var: §, $11 (CSYS-1)

Y

ol 3l ey o Y (gl 5o JU g8 ! sk y 50 dlein S11 SR AT S

(Y08, MPa ,laiis)

S, 511 (CSYS-1)

PLY-4-COPY1 (middle)

(Avg: 7500)
+2.063e+02
+1.778e+02
+1.492e+02
+1.206e+02
+9.204e+01
+6.347e+01
+3.489%e+01
+6.317e+00
-2.226e+01
-5.084e+01
-7.941e+01
-1.080e+02
-1.366e+02

Max: +2.063e+02
Elem: PRIMARY WING.5858
Node: 445

ODB: UAV_Wing_Hinge 10deg_Final.odb Abaqus/Standard 6.14-1 DMon Feb 16 21:12:15 Iran Standard Time

Step: Step-1

Z Increment  6: Step Time = 1.000
Primary Var: §, $11 (CSYS-1)

Y

(Y+5,¥ MPa jladio) oy 51 455 +1+ a¥ cywole 53 diociions S1q Lid A-F

S\



=l )k Juad

8, 822 (CSYS-1)
PLY-4-COPY1 (middle)
(Avg: 7504)
+1.707e+01
+1.472e+01
+1.236e+01
+1.001e+01
+7.657e¢+00
+5.304e+00
+2.951e+00
+5.983e-01
-1.755e+00
-4,108e+00
-6.461e+00
-8.813e+00
-1.117e+01

Max: +1.707e+01
Elem: PRIMARY WING.5858
Node: 445

ODB: UAV_Wing_Hinge 10deg_Final.odb Abaqus/Standard 6.14-1 DMon Feb 16 21:12:15 Iran Standard Time

Step: Step-1

Z Increment  6: Step Time = 1.000
Primary Var: §, 22 (CSYS-1)

Y

(V) MPa jladio) el 31 4233 +10 a¥ cywo sl 58 diomiion Spp s 1o —F S

S, 512 (CSYS-1)

PLY-4-COPY1 (middle)

(Avg: 75010)
+2.694e+01
+2.280e+01
+1.867e+01
+1.453e+01
+1.03%9e+01
+6.253e+00
+2.113e+00
-2.023e+00
-6.161e+00
-L030e+01
-1.444e+01
-1.857e+01
-2.271e+01

Max: +2.694e+01
Elem: PRIMARY WING.5858
Node: 445

ODB: UAV_Wing Hinge_10deg Final.odb Abaqus/Standard 6.14-1 Mon Feb 16 21:12:15 Iran Standard Time

Step: Step-1
Increment  6: Step Time = 1.000
Primary Var: S, 512 (CSYS-1)

"

54
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S, Mises
(Avg: 7504)

+9.547e+00
+8.752e+00
+7.956e+00
+7.161e+00
+6.365e+00
+5.569¢+00
+4.774e+00
+3.978¢+00
+3.183e+00
+2.387¢+00
+1.591e+00
+7.958¢-01

+1.466e-04

MIax: +9.547e+00
Elem: UAV WING++-+.141
Node: 248

ODB: UAV_Wing_Hinge 10deg_Final.odb Abaqus/Standard 6.14-1 DMon Feb 16 21:12:15 Iran Standard Time

z Step: Step-1
Increment  6: Step Time = 1.000
Primary Var: S, Mises

(4,0 MPa) az 55 1+ a5gl; il 33 Yol 53 juunsn (388 i IV—F JSCis
a0V glasgly > -F-Y-¥

a0 Ve Glagly cdls o Vol #5018 5 olugy JU U 90 acgasme (S S0 yuss 9l
Sade oS Cewl ol JU gain ;) 4 g oSS juad o s a5 Sl oald oolo Llas (VY-F) S

il e - fYmm Ly )]

yr/ st xr)  fras
. . . o e " oo (512) YRS
oy slacea jo pliotinl 4 Cond (2255 (359 (nytie 45 995 o0 4 (T) = .= Vs
AP ol 5l ez e Y e ez 15wl oo XY LDy 9 (B oo Ll X

oo Cawds (1 53 (FOS) ylicebl o o o pisle galaly as axg5 L aS oo |, Lo Cumdyg

D) 4 (2) <\ > FoS = —— = ‘ ~ 4.15
(YT) (S) (;_);)V+(%)v (%)Y‘F(I:—:)Y

Jobre linel oy el V- MPa oS AL-1100 H14 pyeiagll quls plSiocioal b 130 e

il o FoS == =7.95

AA



=l p)ley Juatd

U, Magnitude
+1.473e-01 Max: +1.47Se-001
+1.353e-01
+1.230e-01
+1.107e-01
+9.836e-02
+8.607e-02
+7.377e-02
+6.148e-02
+4.918e-02
+3.689%¢-02
+2.459e-02
+1.230e-02
+5.279e-11
Max: +1.475e-01 L M:sl{‘l;'gltm
Node: MIRRORPRIMARY_ WING.40259 o
+1.230e-01
Tl Max: +1475¢-001
+8.607e-02
+7.377e-02
+6.148¢-02
+4.918e-02
+3.68%¢-02
+2,459¢-02
+1.230e-02
+5.279¢-11
Max: +1.475¢-01
Node: MIRRORPRIMARY.

Y ODB: UAV_Wing Hinge 20deg Final.odb Abaqus/Stands
Step: Step-1
Increment 6: Step Time =  1.000

Z X Primary Var: U, Magnitude

ODB: UAV_Wing_Hinge_20deg_Final.odb Abaqus/Standard 6.14-
Siep: Step-1

Increment  6: Step Time =  1.000
x  Primary Var: U, Magnitude

4z ;3 Ve Glagly cdlo ;o Yol p3ilso g oty JU U 99 acgoso (A5 JSh pud )98l AY-F IS

8, 511 (CSYS-1)

PLY-1-COPY1 (middle)

(Avg: 7504)
+2.327e+02
+2.055e+02
+1.784e+02
+1.512e+02
+1.240e+02
+9.680e+01
+6.961e+01
+4.243e+01
+1.524e+01
-1.194e+01
-3.912e+01
-6.631e+01
-9.34%e+01

Max: +2,327e+02
Elem: PRIMARY WING.5858
Node: 445

ODB: UAV_Wing_Hinge 20deg_Final.odb Abaqus/Standard 6.14-1 DMon Feb 16 21:15:37 Iran Standard Time

X
Step: Step-1
Z Increment  6: Step Time = 1.000
Primary Var: S, S11 (CSYS-1)

ol 5l a0 yie Y gl 53 JU Jagd pl (sl 53 i Sq1 G5 NP JSS

(YYY.Y MPa i)

\A



=l p)ley Juatd

S, 811 (CSYS-1)

PLY-4-COPY1 (middle)

(Avg: 7300)
+1.880e+02
+1.620e+02
+1.359e+02
+1.099¢+02
+8.384e+01
+5.77%e+01
+3.175e+01
+5.705e+00
-2.034e+01
-4.639¢+01
-7.243e+01
-9.848e+01
-1.243e+02

Max: +1.880e+02
Elem: PRIMARY WING.5858
Node: 445

ODB: UAV_Wing Hinge 20deg Final.odb Abaqus/Standard 6.14-1 Mon Feb 16 21:15:37 Iran Standard Time

Step: Step-1
Z Increment  6: Step Time = 1.000
Primary Var: 8, $11 (CSYS-1)

Y

ol 31 az 0 ) Y oyl 50 JU g el (gaia ) 5o dnlion Syp A5 N0-F SO

rtx e

(VAN MPa luio)

S, 822 (CSYS-1)

PLY-4-COPY1 (middle)

(Avg: 75040)
+1.555e+01
+1.341e+01
+1.126e+01
+9.119e+00
+6.975e+00
+4.830e+00
+2.685e+00
+5.409e-01
-1.604e+00
-3.748e+00
-5.893e+00
-8.037e+00
-1.018e+01

Max: +1.555e+01
Elem: PRIMARY WING.S858
Node: 445

ODB: UAY_Wing_Hinge 20deg_Final.odb Abaqus/Standard 6.14-1 DMon Feb 16 21:15:37 Iran Standard Time

X
Step: Step-1
Z Increment  6: Step Time =  1.000
Primary Var: S, $22 (CSYS-1)
Y

(‘Q,A MPa )‘u\M) u.nb )" 4?)0 +\ 4)‘2! W)LR )é MSZZ uM-‘U“ Ne-¥ J&&

£

A4l



=l )k Juad

8, 812 (CSYS-1)

PLY-4-COPY1 (middle)

(Avg: 7504)
+2.455e¢+01
+2.078e+01
+1.701e+01
+1.323e+01
+9.463¢+00
+5.692¢+00
+1.920e+00
-1.852e+00
-5.623e+00
-9.395e+00
-1.317e+01
-1.694e+01
-2.071e+01

Max: +2.455e+01
Elem: PRIMARY WING.5858
Node: 445

ODB: UAV_Wing_Hinge 20deg_Final.odb Abaqus/Standard 6.14-1 DMon Feb 16 21:15:37 Iran Standard Time

Step: Step-1
Z Increment  6: Step Time = 1.000
Primary Var: S, 12 (CSYS-1)

(V.0 MPa jlaio) comsly 51 450 10 49¥ cymo ez 53 diunibon Sz Wi WV-F JSCS

S, Mises

(Avg: 7500)
+8.309¢+00
+8.075e+00
+7.341e+00
+6.607e+00
+5.8373e+00
+5.139¢+00
+4.405e+00
+3.671e+00
+2.937¢+00
+2.202¢+00
+1.468¢+00
+7.342¢-01
+8.978e-05

Max: +8.809e+00
Elem: UAV_WING+++_2.85
Node: 234

X ODB: UAV_Wing_Hinge 20deg_Final.odb Abaqus/Standard 6.14-1 DMon.
Step: Step-1
7, Increment  6: Step Time = 1.000
L% Primary Var: S, Mises

(AA MP) az 55 Yo aygly cdlo 50 Yol 33 juuano o598 s NA-F S0

\Al



2l eyl Juab

a0 P lasgly cdl> —F-Y—F

Ao ¥ lagsly b o Vel a3le 5 oligy JU B g9 degame S JSK0,0is uils
e a5 el olgy JU o, 4 bogy po IS0 s (s o a5 el o ools oL (V4-F) IS

il e -0 re mm Ly as o

S WYY S V04.A . . . . .
() == () =22 = rp gl s (NP 5 (V) -F) la IS 4 s L 1)

yr/) st xr/)  fras
. . . . . R . & & - S J— V- J—
Jufébgﬁp)ofw‘wmwu)sdwﬁéw@m(%)—m— «YF

a\" | (o5)" ) \

=) +|=) £V > FoS = 7 ;= —=——~ 5.58

G +) ENE e

YA MPa ] Jlade a5 ol (YF-F) S sllas a0 Yo augly Il 50 56 Vg a8 5
Jolee licebsl o po el Y- MPa a5 AL-1100 H14 pgingl ol alSouinl b 13 ol

Y-

il o FOS === 9.0

Y.A
Max: +1.358e-001
U, Magnitude
+1.358e-01 A,
+1.245e-01

+1.132e-01 &
+1.018e-01 /
+9.052¢-02

+7.921e-02 S
+6.789¢-02 £

+5.658e-02 b

+4.526e-02 W
+3.395e-02
+2.263e-02
+1.132e-02
+7.089e-11

Max: +1.358e-01

Node: MIRRORPRIMARY WING.40259

v ODB: UAV_Wing_Hinge 30deg_Final.odb Abaqus/Standard 6.14-1 Mon Feb 16:
Step: Step-1
Increment  7: Step Time = 1.000
Z X Primary Var: U, Magnitude

azyo Ve Glagly el jo Vgl p3ulso g Sl JL B 90 acgamo (JS Syt 5988 NA-F JSb

Y¥
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8, 511 (CSYS-1)

PLY-1-COPY1 (middle)

(Avg: 7504)
+1.978e+02
+1.747e+02
+1.516e+02
+1.285e+02
+1.054e+02
+8.226e+01
+5.914e+01
+3.603e+01
+1.291e+01
-1.021e+01
-3.332e+01
-S.644e+01
-7.956e+01

Max: +1.978e+02
Elem: PRIMARY WING.5858
Node: 445

ODB: UAV_Wing_Hinge 30deg_Final.odb Abaqus/Standard 6.14-1 DMon Feb 16 21:18:02 Iran Standard Time

Step: Step-1
Increment  7: Step Time = 1.000
Primary Var: §, $11 (CSYS-1)

ol 3l az)ys yio Y oyl 50 Jb gd pl ade ) 50 dinien Sy T Y -F USB

(04Y.A MPa ,lais)

S, 511 (CSYS-1)

PLY-4-COPY1 (middle)

(Avg: 7500)
+1.598e+02
+1.377e+02
+1.158e+02
+9.339%e+01
+7.124e+01
+4.910e+01
+2.695e+01
+4,300e+00
-1.735e+01
-3.950e+01
-6.164e+01
-8.37%e+01
-1.05%9e+02

Max: +1.598e+02
Elem: PRIMARY WING.5858
Node: 445

ODB: UAV_Wing_Hinge 30deg_Final.odb Abaqus/Standard 6.14-1 DMon Feb 16 21:18:02 Iran Standard Time

X
Step: Step-1
Increment  7: Step Time = 1.000
Primary Var: §, $11 (CSYS-1)
Y

ol 3l az o HVe ¥ ool 50 JU Jigd pl g 5o dionlon Sqq S TI-F S

(164,A MPa ,luis)

Yo
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8, 822 (CSYS-1)

PLY-4-COPY1 (middle)

(Avg: 7504)
+1.322e+01
+1.140e+01
+9.574e+00
+7.750e+00
+5.927e¢+00
+4.103e¢+00
+2.279¢+00
+4.558e-01
-1.368e+00
-3.191e+00
-5.015e+00
-6.83%9e+00
-8.662e+00

Max: +1.322e+01
Elem: PRIMARY WING.5858
Node: 445

ODB: UAV_Wing_Hinge 30deg_Final.odb Abaqus/Standard 6.14-1 DMon Feb 16 21:18:02 Iran Standard Time

X
Step: Step-1
Increment  7: Step Time = 1.000
Primary Var: §, 22 (CSYS-1)
Y

ol 5 a0 #Ye Y rosle 50 Jb Jgd sy 50 i S GRS TY-F SO

OF.Y MPa,laio)

8, 812 (CSYS-1)

PLY-4-COPY1 (middle)

(Avg: 7500)
+2.087e+01
+1.766e+01
+1.446e+01
+1.125e+01
+8.040e+00
+4.833e+00
+1.625e+00
-1.582¢+00
-4.790e+010
-7.997¢+00
-1.120e+01
-1.441e+01
-1.762e+01

Max: +2.087e+01
Elem: PRIMARY WING,5858
Node: 445

ODB: UAV_Wing_Hinge 30deg_Final.odb Abaqus/Standard 6.14-1 DMon Feb 16 21:18:02 Iran Standard Time

Step: Step-1
Increment  7: Step Time = 1.000
Primary Var: §, 512 (CS5YS-1)

omly 3l az o 1) Y oyl 5o JU bigdpl (el ) 5o diolion S1p (T T -F USS

(Y+,4 MPa i)

\td
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S, Mises

(Avg: 7504)
+7.642e+00
+7.005e+00
+6.368e+00
+5.731e+00
+5.095e+00
+4.458e+00
+3.821e+00
+3.184e+00
+2.547e+00
+1.911e+00
+1.274e+00
+6.369¢-01
+6.8344¢-05

WIax: +7.642e+00
Elem: UAV_WING+++_2.85
Node: 234

ODB: UAV_Wing_Hinge 30deg_Final.odb Abaqus/Standard 6.131 DMon Feb 16 21:18:02 Iran Standard Time

Step: Step-1
Z Increment  7: Step Time = 1.000
v Primary Var: S, Mises
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b alie Lo, el cnl o ueeelS JU gz lo i il oo - 0¥ MM Luas o] e

ot g B s B )b 51V 050 40 b JLas]

U, Magnitude
Thi0oe 01 Max: +1.537¢ 001
+1.281e-01 -y
+1.153e-01
+1.025e-01
+8.966e-02
+7.685¢-02
+6.404¢-02
+3.123e-02
+3.842¢-02
+2.562¢-02
+1.281e-02
+1.689¢-17

Max: +1.537¢-01

Node: MIRRORPRIMARY WING.12029

Y ODB: UAV_Wing_Hinge Adhesive_0deg_Final.odb Abaqus/Standard 6.14-1 Tue Feb 17 00:08:58 Iran Standa

I Step: Step-1
Increment 7: Step Time = 1.000
Primary Var: U, Magnitude

450 yho slagly <l 5o Vgl p 55 9 Olty JU U 90 asgazmo (A JSUb pudd 596l5 :¥A-F S

Jolae el oy el V- MPa a8 AL-1100 HL4 pominagl] ook ol L 13 cand

. Y _
abb oo FOS = \ 13.7

o.

S, Mises

(Avg: 75%)
+5.08%¢+00
+4.665¢+00
+4.241e+00
+3.817e+00
+3.393e+00
+2.96%¢+00
+2.545e+00
+2.121e+00
+1.697e+00
+1.272e+00
+8.484e-01
+4.243¢-01
+2.084¢-04

Max: +5.089¢+00
Flem: UAV_WING+++_2.45
Node: 2003

ODB: UAV_Wing_Hinge_Adhesive_0deg_Final.odb YAbaqus/Standard 6.14-1 Tue Feb 17 00:03:58 Iran Standa

X
Step: Step-1
7z Increment  7: Step Time = 1.000
v Primary Var: S, Mises

(0, MPQ) 4> ;5 youo asgly cdl> ;0 Yol 10 o (998 i (Y F-F STl
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S gl e Coilius 4 azgi L gy = Skes Ts = 815 T = Syy el ool e |8
Lagie b Yoars slojle slo onS sl sieiS plSoil laie [41] —Henkel (Loctite) (slo ;L
oiid s S Lo Lail oo YE MPA 050> lawsie gl (Lap Shear) &, plSxiul o YV.0 MPa
Cols o il e YA MPa Jolee (YY) S5 glhae 2l ol 55 glojle canz ,o Lol
2 Oyge & ol i mesSLe Lee galal, sl (Factor of Safety L FoS) ol o

gl oo Canny
On W

FoS =—= =8.1

o, XA

S, Max. Principal

(Avg: 7500)
+3.384e+00
+3.102e+00
+2.320e+00
+2.538e+00
+2.257e+00
+1.975e+00
+1.693e+00
+1.411e+00
+1.129e+00
+8.467e-01
+5.647e-01
+2.828e-01
+8.031e-04

Max: +3.384e+00
Elem: COHESIVE_1.48
Node: 239

ODB: UAV_Wing_Hinge Adhesive_0deg Final.odb Abaqus/Standard 6.14-1 Tue Feb 17 00:08:58 Iran Standa

Y
ﬁ > 3 Step: Step-1

Increment  7: Step Time =  1.000
Primary Var: S, Max. Principal

(¥,YA MPa) a4z )0 o glagly Cdls 1o Glojlw canws jo Lol s oy IS o YY-F JCo
a0 ) glasgly cdl> -F-Y-Y

ez Ve glagly llo 0Vl p5ile g olgg JL B 90 asgazme (IS S5 i 55il5
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U, Magnitude
+1.520e-01
+1.393e-01
+1.267e-01
+1.140e-01
+1.013e-01
+8.8366e-02
+7.599e-02
+6.333e-02
+5.066e-02
+3.300e-02
+2.533e-02
+1.267e-02
+2.814e-11

Max: +1.520e-01

Node: PRIMARY WING.42079

Max: +1.520e-001
Y ODB: UAV_Wing_Hinge Adhesive_10deg Final.odb Abaqus/Standard 6.14-1 Tue Feb 17 00:11:27 TIran Stand

| Step: Step-1
Increment  7: Step Time =  1.000
Primary Var: U, Magnitude

425 1+ (glazgly o 30 Vol o 5l50 5 3Lty JUo 6 99 Asgaro S S s y5l8 YA-F JSC

S, Mises

(Avg: 75%0)
+4.929e+00
+4.518e+00
+4.108e+00
+3.697e+00
+3.286e+00
+2.873e+00
+2.465e+00
+2.054e+00
+1.643e+00
+1.232e+00
+8.217¢-01
+4.110e-01
+2.196e-04

Max: +4.929e+00
Elem: UAYV WING+++_2.45
Node: 2003

ODB: UAV_Wing_Hinge Adhesive_10deg_Final.odb Abaqus/Standard 6.14-1 Tue Feb 17 00:11:27 Iran Stand

Step: Step-1
Increment  7: Step Time = 1.000
Primary Var: S, Mises
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A3l YYO MPa Jolas (F+-F) S illae cdlo ol 5o slojle canz 5o Lol (25 posiSLe
Oygo 4y ol il pes 3S1e Jlre galail, 51 (Factor of Safety L FOS) lobl o o Colys (o

ilise Sy 2
V.0

Fos=22="2-3g5

0, (AT

S, Max. Principal

(Avg: 7504)
+3.253e+00
+2.982e+00
+2.711e+00
+2.440e+00
+2.169¢+00
+1.398e+00
+1.627e¢+00
+1.356e+00
+1.085¢+00
+8.139¢-01
+5.428¢-01
+2.717e-01
+6.969¢-04

WIax: +3.253e+00
Elem: COHESIVE 1.48
Node: 239

ODB: UAV_Wing_ Hinge Adhesive 10deg Final.odb Abaqus/Standard 6.14-1 Tue Feb 17 00:11:27 Iran Stand

ﬁ > x Step: Step-1

Increment  7: Step Time = 1.000
Primary Var: S, Max. Principal

(Y,Y0 MPa) az 01+ glagsly cdl> 10 glojluw camz 50 ol i pos 350 Yo F JSCi
a0V glagly cdl> —F-Y-¥

a0 Ve Glagly cdl> 0 Vol 05056 g oliy JL U g0 degasme IS IS0 s (58
Jade a8 Cenl sligs JU s, 4 by po S s (i 45 Canl oa ool Las (FV-F) S
Jlasl el s Lo el ol j0 jemalS Jb ez slogids bl e -V FAMM Lo 55 o
ot gy U B2 yb 51 Yl 0l a0 L
£.0 MPa )] Jlade a5 col (FV-F) S sllas a0 Yo augly Sl 50 56 Yo jane (98 S
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U, Magnitude
+1.479e-01
+1.356.01 T A
+1.232e-01
+1.109e-01
+9.859¢-02
+8.627e-02
+7.394e-02
+6.162e-02
+4.930e-02
+3.697e-02
+2.463e-02
+1.232¢-02
+5.262¢-11

Max: +1.479e-01

Node: PRIMARY WING.42079

Max: +1.4’f{;60

Y ODB: UAV_Wing_ Hinge Adhesive 20deg Final.odb Abaqus/Standard 6.14-1 Tue Feb 17 00:14:05 Iran Stand
Step: Step-1

Increment  7: Step Time = 1.000
X Primary Var: U, Magnitnde

a3 Vo (slaggly cdlo 5 Vol p520l50 3 Slgg JU U 90 e gozme (oS S5y 535 ¥1-F S

S, Mises

(Avg: 7500)
+4,.506e+00
+4.130e+00
+3.758e+00
+3.379e+00
+3.004e+00
+2.628e+00
+2.253e+00
+1.878e+00
+1.502e+00
+1.127e+00
+7.511e-01
+3.757e-01
+2.042e-04

Max: +4.506e+00
Elem: UAV_WING+++.113
Node: 241

ODB: UAV_Wing_Hinge Adhesive_20deg Final.odb Abaqus/Standard 6.14-1 Tue Feb 17 00:14:05 Iran Stand

z Step: Step-1
Increment  7: Step Time =  1.000
v X Primary Var: §, Mises

(F,0 MPQa) az ;0 Y+ agly <l jo Yol 30 juuo (9 (i Y Y-F ST

2l YAF MPa Jolee (YF-F) JS& Bllae el ol 50 glojlos oz 5o (Lol (25 pey 5o
Oyg0 4y ol il pes ;S Jlre salail, 51 (Factor of Safety L FOS) laebl o o colys (o

wl;n Cawds )
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Fos=22=12—_94

g, y.ay

S, Max. Principal

(Avg: 7304)
+2.942¢+00
+2.697¢+00
+2.452¢+00
+2.207e¢+00
+1.962¢+00
+1.717e¢+00
+1.472¢+00
+1.226¢+00
+9.8313e-01
+7.361e-01
+4.910e-01
+2.459e-01
+7.385e-04

Max: +2.942e+00

Elem: COHESIVE,_1.48
Node: 239

ODB: UAV_Wing_ Hinge Adhesive 20deg Final.odb Abaqus/Standard 6.14-1 Tue Feb 17 00:14:05 Iran Stand

Y
ﬁ > x Step: Step-1

Increment  7: Step Time = 1.000
Primary Var: S, Max. Principal

(YAF MPa) a5 Yo glaggly <l 5o glojhe coms 55 ol (a5 wog 35l FF—F S
a0 Ve glasel; el —F-¥—F

2z ¥ glagly cll o ¥l 053l g oty JL B g0 acgazee 5 Syt 90l

e a5 el Slagy JU 58ty 40 gy po Sk ( yiidony 45 ensl 00 o0l L (VE-F) IS
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U, Magnitude
+1.384e-01 AN
+1.268e-01
+1.153¢-01 //
+1.038e-01
+9.225e-02
+8.072e-02
+6.91%e-02
+3.766e-02
+4.613e-02
+3.453%e-02
+2.306e-02
+1.153e-02
+7.090e-11

Max: +1.384e-01

Node: PRIMARY WING.42079

MMax: +1.384e-00

v ODB: UAV_Wing_ Hinge Adhesive 30deg Final.odb Abaqus/Standard 6.14-1 Tue Feb 17 00:16:33 Iran Stand
Step: Step-1
Increment  7: Step Time = 1.000
Z ¥ Primary Var: U, Magnitnde

4z Ve largly el jo Yol p5illo g Olitg JU U 99 acgommo (S JSb pud 5 9il5 :VF-F S

S, Mises

(Avg: 7504)
+3.928e+00
+3.601e+00
+3.273e+00
+2.946e+00
+2.619e+00
+2.291e+00
+1.964e+00
+1.637e+00
+1.309e+00
+9.821e-01
+6.548e-01
+3.275e-01
+1.402¢-04

MIax: +3.928e+00
Elem: UAV WING+++.113
Node: 241

ODB: UAV_Wing_Hinge Adhesive_30deg Final.odb Abaqus/Standard#.14-1 Tue Feb 17 00:16:3

Z

Step: Step-1
ﬂ Increment  7: Step Time =  1.000
v X Primary Var: S, Mises

(FAY MPa) az )3 Yo aygly <o 55 Yol 33 umo oy (A5 :YO-F S

b oo VAT MPA Joles (YF-F) JSo 3llae >l 5o (slojlo s o Lol (25 vy Sk
Oygo & ol il mes Sl Lxe gakal, 5l (Factor of Safety L FoS) ookl o o culys yo
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Fos=22=""_11.1

o, Y.FA

S, Max. Principal

(Avg: 7304)
+2.480¢+00
+2.273e¢+00
+2.067¢+00
+1.360¢+00
+1.654¢+00
+1.447e¢+00
+1.240e¢+00
+1.034¢+00
+8.273e-01
+6.207e-01
+4.141e-01
+2.075e-01
+9.662¢-04

Max: +2.480e+00

Elem: COHESIVE,_1.48
Node: 239

ODB: UAV_Wing_ Hinge Adhesive 30deg Final.odb Abaqus/Standard 6.14-1 Tue Feb 17 00:16:33 Iran Stand

Y
ﬁ > x Step: Step-1

Increment  7: Step Time = 1.000
Primary Var: S, Max. Principal

(Y.FA MPQ) az 55 ¥+ (lasgly cdlo 5 (gl sl cam 55 Shol (i mo j5Lo (¥F—F JSCS
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oo ISl b (a3 —855 ()2 Slkae) DAY+ -QT 9¥58 5LIT ool plSovisl 4y azgi b 5

Al Gt == 2.6 o lisebl 5 A0 MPa
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nd”
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il oo AYAMM? 590 MA s S50 oo p alaiie elans 4l

OY.A
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i e A
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3979 S35 o i pO e g Mlwd Juale S i (635 po b So a Jb g0 o as el il o
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Mspringmax = VEY * Y = YAf N.m
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«(Spring Rate) iz, 8 ool
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. YN.
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Ed'
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Active coils: 10
Material: Oil tempered spring steel (ASTM A229)
k~325N-m/rad
Safety factor <1.79
00 udo Olawlxo -F-F-Y
WS oo ) Oylge Sl e 3l eolaiul Gue
slasgly (Overshoot) gz adlsl 5l 6,55l -
1,38 ollug ials -Y
O Yyl i (Seliz gl J S Y
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W 058 g0 STyl lugh o 05 @lee 5 035 el 4 yomie JolS Gl gl e 2 L8ls0
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109 o0 dmle py Ujg0 A o (ABly ed oy
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Abstract

This research presents a comprehensive numerical investigation of the structural
behavior of a composite wing-tip hinged connection in a multi-body unmanned aerial
vehicle (UAV). The primary objective is to evaluate stress—deformation response, hinge
connection performance (bolted versus structural adhesive joint), and composite
laminate safety under different relative wing rotation angles (0°, 10°, 20°, and 30°).

A full three-dimensional finite element model was developed in Abaqus. The orthotropic
carbon/epoxy composite laminates were modeled with the stacking sequence:
[0, O, O, +10, —10, —10, +10, 0, 0, 0] applied symmetrically to upper and lower wing
skins. The Hashin failure criterion was implemented to assess damage initiation in
composite plies. Directional stresses in the fourth (+10°) ply, von Mises stresses in the
hinge, and maximum principal stresses in the adhesive layer were extracted and
compared.

Results indicate that increasing the relative wing rotation angle reduces the wing root
deflection from 0.152 mm at 0° to 0.136 mm at 30°, reflecting a reduction in effective
bending load. Directional stresses in the critical ply decrease consistently with
increasing angle, while the safety factor (based on Hashin criterion) increases from 3.42
to 5.58. Comparison between joint types demonstrates that the structural adhesive
configuration reduces hinge von Mises stress by approximately 47%, providing
improved stress distribution.

Mechanical analysis of the hinge mechanism confirms that the designed steel pin
satisfies strength requirements with adequate safety margin. The torsional spring and
viscous damper were shown to effectively regulate restoring torque and transient
oscillations. Overall, the proposed configuration ensures structural integrity, reduced
stress concentration, and enhanced passive stability performance.

Keywords: Compound UAV- Hinge Mechanism- Wing- Composite- Spring- Pin-
Damper
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