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Initial Sizing of Composite Box Beam of Aircraft

Sang-Min Choi”®,

Chang-Bum Chung”

ABSTRACT

It is essential to perform initial sizing of structural members to design and analyze the structures
of an aircraft. Most of the wing and the stabilizers of aircraft are composed of the type of box
beams, and these of small aircraft are frequently built by composites to reduce their weight. In this
paper, the methodology to perform initial sizing of primary structures in the box beam is studied.
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Table 1. Structural design criteria for preliminary sizing

CRITERIA LIMIT/VALUE REASON/SOURCE

STIFENESS

General Overall structural
stiffness requ rements | To prevent aeroelastic

determined by instability

aeroelasticity Group

STABILITY

Wing

Skin buckling

Typical requirement for
durability must not buckled

1007 of LIMIT !
{between stiffeners-general) 0 below maximum
operational load
Sk panclgeneral instabily | 1007 of ULTIMATE | 10 prevent caastrophi faifre

below ULTIMATE load

Locat buckling/crippling

100% of ULTIMATE

To prevent catastrophic faiture
below ULTIMATE load

Spar webs inboard of the
M.L.G. spar iniersection, the
MLG. spar itself, and the
center wing spars webs

1004 of LIMIT

Durability consideration

Fusclage

Skin buckling
{between stiffencrs-general}

405 of ULTIMATE

Durability consideration

Skin buckling
{window belt pancls)

10% of LIMIT

Durability consideration

Local buckling/crippling

100% of ULTIMATE

To prevent catastrophic failure
below ULTIMATE load

VerticalHorizontal Tail

Same as for wing

Same as for wing

Same as for wing

Control Surface

Skin buckling
{between stiffencrs-general)

120% of LIMIT

To prevent reduction
in flutter speads

Others - same as for wing

Same as for wing

Same as for wing

MINIMUM GAGE
REQUIREMENT
Alf Skins
4763 mm(3/16") diam.
g 1778 mm co
couptersunk fastener (0070 inchy L.3Xcsk. depth
locations
Wing
L 1016 mm
Lightning strike - dry areas 000 inch)
2032 mm s
Lightning strike - wet areas (0080 inch) Backside heating
. - 2032 mm
Ground hail{upper surface) (0080 inch)
Fuselage
Lower skin impact damage na Runway debrid
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Table 2. Design allowable strain

Allowable strain Data
Longitudinal Allowable Tensile Strain 0.008536
Longitudinal Allowable Compressive Strain | -0.009
Transverse Allowable Tensile Strain 0.003631
Transverse Allowable Compressive Strain -0.009472
Allowable Shear Strain 0.018
B AFe Al AlEH 2}]5“ T300/5208

Graphite/Epoxy glo]Z& A-elgla, ¢4 444

sh712 0 228 T300/5208 Graphite/Epoxy ©o]

Zo] AAF A (design allowables)y ABEAR] )

HUHE &S Folod 939k Table 3 A5 &4
Ao} AAE 44 E eI

Table 3. Mechanical property and design allowables of
T300/5208 Graphite/Epoxy

Mechanical property Design allowables
Ey | 13216 GPa | X, longitudinal ultimate tensile strength) L13GPa
En | 865GPa | X (longitudinal ultimate compressive sirength) | 1.19GPa
Gp | 412GPa | ¥ {transverse ultimate tensile strength) 31.40 MPa
v 030 | ¥ (transverse ultimate compressive strength) | 81.90 MPa
§ {ultimate shear strength) 7418 MPa
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baselinee.g KFP @272 Adslgon, 3244 Table 8. Panel sizing result based on strength
£ B g3 B AugE A box FRER section 3 skin panel No. 7 | skin panel No.$ | skin panel No. 9
dA el MelEl Eol= ribe AYHct Fig. 29 t 0.864mn 1.118ea 1.168mm
Z AR ad(panelydl] IDE FAl8lY AL, geomet- t 0.279em 0279 0.27%en
ric data¥ Table 4¢} Zth number of layers 10 12 12
section 4 skin panel No. 10 | skin panel No. 11 | skin panel No. 12
Table 4. Geometric data " 0,550z 0.660mm 071 (s
htem) | ha{ma) | hdem) | hdem) | Dilmmy | balmm) | bilow) It 0.279mn 0.279m 0.279an
section3} 5301 | R6.46 | 10305 | 99.62 | 25197 | 265.43 | 27350 number of layers 8 8 9
sectiond] 4435 | 68.76 | 82.65 | 8047 | 202.69 | 22885 | 233.17
gl BHM 27 Aol & 7198, 4 &k
& nEiste] 2v) HEuEe 00 o] 50%, £45°
/pr} el S0z ol Relitn A gl o
N Az B4AE 2(10)37} 2k o] Al4ke carpet
Q

~section 1
Jrbnot .

frontspar”  fwd aix spar I

Baseline &-2719] critical load case®

rear spar
aft aux spar

Fig. 2. Panel 1D illustration for initial sizing
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Table 5. Load analysis result

2 (Dl oA 538
of A ¥ FAE

Tath

L

VN | Ma(Nm) | T(Nmj | VikN) | MpafSm) | TulNm)

section3 | 4835 | 57306 | 774 2.53 | 83939 | 16l
section4 | 3134 | 23761 3358 4701 | 35641 8037
HNEE Fuleta, 4] (2a), (2b)

Ey=74.4GPa, 5, =21.2 GPa,
Gy =19.1 GPa, Uy = 0711
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Kpom= D o 2D soeeeeemesssssmssisiss st (D
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T ..1. _l_. .........
Ks=, D3 (1 1'7+0'532D3+ 0.938 Dy ) 12

2 (Ob)E Abgsld Ao F&& ALke
A2z E Table 74 B.9th.

Table 7. Panel sizing result based on buckling

section 3 skin panel No. 7 | skin panel No. 8 | skin panel No. 9
N(kN/m) 536.24 873.71 93430
No(kNfm) 58.49 78.46 31.35
K 4.406
NorKNfm) 614.52 914.16 963.72
K, 14.029
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K. 4.406
Nyera(KNfm) 438.17 559.71 624.15
K, 14.029
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22 Q& 4347} Seluh HEEUAA Ao PE
A358 A93n, A% 43909 39V

Baseline2.2 M3g KFP g+37] AdAd4 Bz
o Wlwg d3te Table 83} 2t

Table 8. Comparison of results

result of the KFP aircraft
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