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Validation of Structural Analysis of Composite Torsion Box
Manufactured by Braiding/VARTM Process

Se-Woon Oh*, Tae-Su Kim*, Myeong-Su Seong*, Seung-Su Woo™, Kyeong-min Lee*,
Dong-Hwan Yoon**, Jin-Ho Choi**'

ABSTRACT: Since 2015, composite manufacturing technologies have increasingly focused on out-of-autoclave (OOA)
to enable mass production. The torsion boxes of the A220 and B787 aircraft have been integrally manufactured using
the prepreg/autoclave process; however, there have been no reported cases of applying Out-of-Autoclave (OOA)
processes to the development of torsion boxes for horizontal stabilizers. In this paper, the buckling stiffness of an
integrally braided composite torsion box manufactured via the Braiding/VARTM(Vacuum assisted resin transfer
molding) process was predicted and its structural strength was experimentally validated through structural testing.
The torsion box structure was fabricated by laminating braided carbon fabrics for both the skins and spars, followed
by oven curing to achieve a one-piece composite structure. Following a screening test was performed in order to
evaluate the material properties, B-basis allowables were calculated using the statistical methodology prescribed in
CMH-17. The structure was designed to initiate lower skin buckling at 100% design limit load (DLL), and subsequent
design ultimate load (150% DLL) tests and failure load structural tests were performed to ensure compliance with
aircraft structural design. Excellent correlation between the finite element analysis (FEA) predictions using NASTRAN
and the static test results confirmed the validity of the analytical approach.
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Fig. 1. Torsion box on horizontal stabilizer (5.3 m long)
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Fig. 2. Curing cycle

Table 1. Summary of skin specimen test data
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Fig. 3. Load-displacement curve of spar coupon specimen
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Table 4. Material allowables for metal test fixture

Statistic Ul.timate Ulti@ate
tensile stress  [compressive stress
Loading Direction 0° 90° 0° 90°
Sample size (No. of Batches)| 6(1) 6(1) 6(1) 6(1)
Mean stress (MPa) 791 550 507 342
Standard deviation 32.65 | 25.61 | 27.09 8.78
COV* (%) 4.13 4.66 5.34 2.56
Min. Stress (MPa) 738 518 462 336
Max. Stress (MPa) 819 574 535 360
** COV : Coefficient of Variation
Table 2. Summary of spar specimen test data
Statistic Ul.timate Ultin}ate
tensile stress compressive stress
Loading Direction 0° 90° 0° 90°
ety | 70 [ [ [
Mean stress (MPa) 712 316 474 277
Std. Dev 16.11 24.81 17.15 9.41
COV (%) 2.26 7.84 3.62 3.40
Min. Stress (MPa) 689 293 443 266
Max. Stress (MPa) 738 344 490 289
Table 3. Material allowables for spar and skin
Material properties Skin | Spar
Poisson’s ratio 0.309 | 0.499
Elastic modulus, Ex' (GPa) 53.2 | 48.6
0° Ultimate tensile strength, Fx" (MPa) 692 | 668
0° Ultimate compressive strength, Fx* (MPa) 425 | 422
90° Ultimate tensile strength, Fy™ (MPa) 472 | 241
90° Ultimate compressive strength, Fy™ (MPa) | 317 | 249
Ultimate tensile stain, g _,,, (1e) 7,456 | 8,476
Ultimate compressive stain, €__ o, (H€) 5,805 | 5,462

Material properties 55400 SM45C

Density (kg/mm?) 7.85e-6 7.85e-6
Poisson’s ratio 0.26 0.30
Elastic modulus, E (GPa) 190 205
Ultimate tensile strength, Ftu (MPa) 400 686
Limit tensile strength, Fty (MPa) 245 490
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Fig. 4. Uniaxial loading and boundary condition for edges
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Fig. 5. Thicknesses of composite torsion box
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Fig. 7. Fabrication for 1.5 m torsion box module
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Fig. 8. Fabrication and inspection for 5.3 m torsion box module
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Fig. 12. Detailed FE model of test fixture
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Table 5. Material allowables for bolts

Grade Elastic modulus, | Shear allowable* | Tensile allowable
E (GPa) load (N) load (N)
10.9 205 36,609 12,566
12.9 205 43,930 30,159

*The shear allowable load of a bolt is assumed to be 50% of the
allowable tensile load.
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2 o Atk ZQ1E (Single shear joint)@} o] Attt 290 E
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(t+15)

Spring Constant 2 = é (7)
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Table 6. Ultimate design load induced by aerodynamic lift

Properties Value Unit
C, 1.55 -
p 0.3025 kg/m’
|4 241.9 m/s
A 3.78 m’
Py 51,849 N
Load Factor, f; 2.5 -
P, (150%) 129,623 N
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Fig. 13. Force boundary condition (150%DLL)
Table 7. Margin of safety
€ €. . .
Part c_allow principal MS .
(ue) (ue) mn
UPR skin 5,805 3,941 0.89
LWR skin 5,805 -4,517 0.28
Inter spar web 5,462 -3,153 0.73
Inter spar flange 5,462 -3,873 0.41
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Fersigol telel e shust Aoz B,

Allowable

MS=—7—"7-1 10
S SFx Design (10)
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A akao] WEeRs vepd Jgo 2 Hof 4212 2359 mm
2 YeEbgt
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Fig. 14. Deformation of torsion box (150% DLL)
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Fig. 15. Stress distribution of main beam assy (55400)
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Fig. 19. Buckling analysis of torsion box

Table 8. Buckling coefficient(A) by hand calculation

m 2 I(\I;;‘r;jﬁ -946
n 1 Fx (MPa) -163
a (mm) 270 Nx_cr (N/mm) 963
b (mm) 280 Fx_cr (MPa) 166
t (mm) 5.81 A 1.02
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Fig. 20. Test fixture assembly for static structural test
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Fig. 21. Actuator locations based on SFD and BMD

Table 9. Actuator loads for 100%, 150% and 200% DLL

Actuat Al A2 A3 A4
Ctuator
N) N) N) N)
40% DLL 10,426 9,422 7,941 6,777
100% DLL 26,066 23,555 19,852 16,943
150% DLL 39,099 35,332 29,778 25,414
200% DLL 90,000 90,000 43,000 6,000
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Fig. 22. Strain gauge locations for static structural test
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Torsion Box Static Test Result @ SLOO6R
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Fig. 23. Buckling behavior at lower skin in static structural test
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Fig. 24. Buckling behavior at spars in static structural test
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