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Structural analysis of flexible wing using linear equivalent model
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ABSTRACT

Aircraft needs high lift-to-drag ratio and weight reduction of the structure for long
endurance flight with a small power. Generally high aspect ratio wing is applied to
HALE(High Altitude Long Endurance) aircraft. Also high modulus, and high strength
CFRP(Carbon Fiber Reinforced Plastic) has been used in primary structures. and thin
mylar(membrane material) film has been applied to skin of wing. As a result, wing is
more flexible than the other structures. and the stiffness of thin mylar film has an affect
on dynamic stability. In this study, the membrane characteristic of mylar film has been
simulated using nonlinear gap elements. And equivalent modeling method using shell
elements is presented using the nonlinear simulation result. The linear equivalent model
has verified using the results of nonlinear membrane method. Proposed linear equivalent
shell model has applied to mode analysis for estimate the effect of mylar mechanical
properties on natural frequency.
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Fig. 1. Equivalent shell modeling process

24 rldYE W aiE ®
aa, ols} kel 7

(Linear gap model)s ®
A5 A 44

A gz g 0 21
x} }\]oﬂt!]- o];@fwﬂ& 21%5‘].5 HAE wd
(Nonlinear gap model)& ®F=th HFZ o= H]
A48 A 2dd S7He] e e d 8a
(Equivalent shell model)E gttt & vt 9
545 EARE vAdE A 2l Fd3 AsS
ste 7 A9 drds Jidste A7A #3
24 Edo AEgstal o] o]&ste] HIUY 5
e zhe v E A8 der1e A &
2dg wed 57 A9 4 Ede B vpd
2o HAPAES e nBddsiAs o] 85t
A4S Aotk

21 ddg Y =4

Hrennikoff [2]& 19
(Static problem)el] Tt 3l ?j-i,x:?ﬁ] o]
ZRIE H(Pin jointed bar)Z T4H %—7}71-/‘494
Eg 2 (Truss) 72 E AA8tAth. Phaal [3]2
Fol d xS ’3H 218}7] -40}04 s7H] 70“3
S Ze EYE F2E AFESHY T S.Kukathasan
]2 Hrennikoff7} 183t R¥UH s7HEZFS
71338 EYa x| st vt
A5l S 733 th Fig. 2= Hrennikoff7}
AA G A2, A2 Zolrt lola FAZ ©l A
AP A 8 ag RAbStE 7 Efs Rdo]
o}
o714 A9} A1S Z+ZE HrennikoffZ} A A]3F

Tl A EA
gAE 2

i

=

1o, ot

Al

y a
(A |

X
Equivalent Truss

Fig. 2. Equivalent linear gap model
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Fig. 3. Shell and gap model

Table 1. Material Properties and gap stiffness

Mat'l properties AL7075 | Mylar

E (GPa) 70.0 4.4

v 0.30 0.30

p (g/em?) 2.70 1.40

Gap stiffness k, k,

k (N/mm) 39.6 19.8
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Table 2. Type 1 maximum displacementsfor
shell and linear gap model

Lateral 139.0 136.0
Torsion 37.5 37.9
Vertical 509.0 511.0

Table 3. Type 2 maximum displacements
for shell and linear gap model

Mode

Shell model
(mm)

Linear gap
model (mm)

Lateral

138.0

141.0

Torsion

38.7

38.1

Vertical

516.0

519.0
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Table 4. Type 1 maximum displacements
for nonlinear gap and linear gap

model
ot [ Norl 0 | e 2
Lateral 282.0 136.0
Torsion 54.7 37.9
Vertical 512.0 511.0

Table 5. Type 2 maximum displacements
for nonlinear gap and linear gap

model
Nonlinear Linear aa
Mode gap model gap
(mm) model (mm)
Lateral 282.0 141.0
Torsion 58.8 38.1
Vertical 519.0 519.0
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Table 6. Type 1 maximum displacement for
nonlinear gap and equivalent shell

model
Nonlinear Equivalent
Mode gap model shell model
(mm) (mm)
Lateral 282.0 282.0
Torsion 58.8 58.9
Vertical 512.0 511.0

Table 7. Type 2 maximum displacement for
nonlinear gap and equivalent shell

model
Nonlinear Equivalent
Mode gap model shell model
(mm) (mm)
Lateral 282.0 282.0
Torsion 58.8 58.9
Vertical 519.0 518.0
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Fig. 4. Membrane model

Fig. 5. Wrinkle shape of mylar skin

Table 8. Type 1 maximum displacement for
nonlinear gap and membrane model

Nonlinear
Membrane
Mode gap model
mm) model (mm)
atera . .
Lateral 28.2 29.2
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Fig. 6. Structural layout of wing

Table 9. Material properties

Mat (cila (GEPQa) &;) Y1z
WSK3K 66.8 70.8 48 | 0.055
NS125 138.0 10.5 4.4 | 0.280
H3055 146.1 7.7 3.6 | 0.355

Fig. 7. Stiffness model for wing
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Table 12. Summary of normal mode
analysis results
Mode Case A Case B Case C
Freq (Hz) | Freq (Hz) | Freq (Hz)
1 1.66 1.66 1.64
2 4.98 439 3.01
3 8.20 8.1 797
Fig. 8. Stiffness model for wing root 4 1267 1208 10.97

Table 10. Weight summary of half wing

Mass C. G. (m)
(Kg) FS BL WL
291 1.40 2.39 0.13
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Table 11. Summary mylar stiffness

Fig. 10. Vibration modes for wing flutter

Mylar young's
case modulus m z e
Case A 44 GPa
Case B 20 GP B AFdde nax A7AE FA719 A
o v g5 T5A H7E 9t Wk 279l vl
Case C 1.0 MPa 2 SRS ARE A 942 TASE Uy
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