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Failure Pressure Prediction of Composite T-Joint for
Hydrodynamic Ram Test

Dong-Geon Kim*, Eun-Su Go*, In-Gul Kim*', Kyung-Sik Woo**, Jong-Heon Kim?***

ABSTRACT: Aircraft wing structure is used as a fuel tank containing the fluid. Fuel tank and joint parts are consists
of composite structure. Hydrodynamic Ram(HRAM) effect occurs when the high speed object pass through the
aircraft wing or explosion and the high pressure are generated in the fuel tank by HRAM effect. High pressure can
cause failure of the fuel tank and the joint parts as well as the aircraft wing structure. To ensure the aircraft
survivability design, we shall examine the behavior of the joint parts in HRAM effect. In this study, static tensile tests
were conducted on four kind of the composite T-Joints. The failure behavior of the composite T-joint was examined
by strain gauges and high speed camera. We examine the validity of the Finite Element Modeling by comparing the
results of FEA and static tensile tests. The failure stresses and failure pressure of the composite T-Joint were calculated
by FEA.
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Fig. 1. Laminate skin T-joint & sandwich skin T-joint

P o

Fig. 2. Composite T-joint & cut out T-joint

Table 1. Material property (USN-150b)

Property USN-150b
. E, 131
Elastic modulus (GPa) EE, 82
G 4.5
h I\ P 12

Shear modulus (GPa) G, Gy, 35
Poisson’s ratio vy, 0.28
Density (kg/m?) p 1580
Thickness (mm) toy 0.13
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Fig. 3. Static tensile test set-up
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Fig. 4. Location of the strain gauge

AJS] Web BES WHsAIF7] ] ot
e i X85 AN BYE ALE o8
o giEos shae el 44 98 A g
WO Skin FEof o= HF sh%
F, 5= 7}0}—-,47\12/&].14_4 A0 2 HE
25 mm, 35 mm, 45 mm YR =2 v 5 == DA S

EH3H) T-Joint A]Ho|| gt A& 1% /\]?é‘o_ Laminate T-
Joint A]HO| A &Aoo 2 XHE # g7} 25mm, 35 mm,
45mm¢l A A, Sandwich T-Joint A]HS] AL 35mm,
45 mm¢®l X4, Cut-out T-Joint A]H 2] L 35 mm?l A&
oA 2t 3514 AEon], BE 2 AR AFs]
o £% I mm/min© 2 AH3FTE Al Ao A x
Fig. 49} Zro] AJ#H 2] Web F& 35 mm |3 2] 9FZ&3}, Flange
HE 10 mm A|Z o] 25191 21, Cut-out T-Joint A]H 2]
Flange F& 15 mm 2| of] AEFQ Ao|R & F712 o=
F2Fsko] Bt T-Jointo] M1 &< S5tk F4 <l
4 AHE Bo) B Toint AR sk A] 3%, T
A Y ES BRI, 214 s ke Fo B
TJoint AlH2] 5h A% Shelskeict.

2.3 S§x T-Joint AlH
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Fig. 5. Load-extension graph of laminate T-joint (Loading posi-
tion : 25 mm)
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Fig. 6. Load-extension graph of laminate T-joint (Loading posi-
tion :35 mm)
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Fig. 7. Load-extension graph of laminate T-joint (Loading posi-
tion : 45 mm)
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Laminate T-Joint®] 35 mm *|3¥o] 3152 71 7S Fig.
61} o] i 1326 N9 50| 7 AlS wf upo] Ay
glom, Tufof ubd A] HEPE-S Web 35 mm 2] 3 of 4]
267 ue, Flange 10 mm |0l A 5195 peo] &4 = Act.

Laminate T-Joint®] 45 mm X]¢¢f 3152 7194 7% Fig.
72k o] B 939 Ne| Blo] Zk AL o uhdo] w3
o, Jufjo] md A] HEPE-S Web 35 mm 2|54 137 ue,
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Fig. 8. Load-extension graph of sandwich T-joint (Loading posi-
tion : 35 mm)

SSW-4|
2500 -

2000 +

1500

1000

Load (N)

500+

0 t
0.0 05

1.I0 115 2.|0 2j5 3,.0 3_|5 410 4,‘5'510
Extension (mm)

Fig. 9. Load-extension graph of sandwich T-joint (Loading posi-
tion : 45 mm)
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Fig. 10. Load-extension graph of cut-out laminate T-joint (Load-
ing position : 35 mm)
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Fig. 11. Load-extension graph of cut-out sandwich T-joint
(Loading position : 35 mm)
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Fig. 12. Failure point of composite T-joint
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Fig. 13. FEA of composite T-joint

Table 2. Composite T-joint property

Property (GPa)
EE, 457
E, 11.2
Flange

G, 19.3

G, G, 4.0

E, 11.2

E,E, 45.7

Web

G,.G, 40

G, 19.3

EE, 0.01

E, 1

v, 0.1

Honeycomb Core Uy U, 0.09
G, 0.0033

G, 0.22

G, 0.44

Table 3. Test & FEA results

Specimen Load [N]| Test Strain[ue] FEA Strain [ue]
Lf;r?“.’a:e log | Web | 424 | Web | 407
“Join
(25 mm) Flange | 5166 | Flange | 5344
Laminate
. Web 267 Web 269
Toint 1326\ 5195 | FI 5671
ange ange
(35 mm) 8 8
Laminate
. Web 137 Web 188
Toint 939 | Flange | 5004 | Flange | 5525
(45 mm) 8 8
S?Fn?;;'rl;h s | Web | 174 | Web | 152
(35 mm) Flange | 2707 | Flange | 2619
ich
Sf‘rn;i(jvhl; e5; | Web | 112 | Web | 132
(45 mm) Flange | 2626 | Flange | 2446
Cut-out Web 55 Web 60
Laminate 314 Flange | 6325 | Flange | 6364
T-Joint (35 mm) Cut-out | -6966 | Cut-out| -6894
Cut-out Web 93 Web 94
Sandwich 472 Flange | 5578 | Flange | 5847
T-Joint (35 mm) Cut-out | -4006 | Cut-out| -4260
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