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Abstract: 

Composite sandwich fuselages have a great application potential for the future aircrafts 

because of its desirable structural efficiency and functional integration advantage. In this paper, 

the fuselage is assumed to be a cylinder according to the geometry and load cases of A320. 

First, optimization for the composite stiffened and sandwich cylinders are respectively conducted. 

The optimum dimensions for both structures are determined using a weight-objective 

optimization. The constraints imposed are based on the global stability and the material strength. 

The design parameters include the skin and core thicknesses, the stringer and frame sizes and 

the composite layup. Secondly, the optimized stiffened and sandwich structures are compared 

with each other in terms of the weight and the sound insulation. It is found that the optimum 

stiffened cylinder is slightly lighter than the sandwich one, while its sound insulation is poorer 

than the sandwich structure. In addition, the frames have a strong influence on the structural 

stability of both stiffened and sandwich structures. 

 
Keywords: Fuselage, Composites, Sandwich, Sound transmission 

 

1.  INTRODUCTION 

Due to its high structural efficiency, the composite sandwich structure has increasingly been 

applied in aerospace. The well-known aircraft Voyager, which flew around the world in 9 days 

without refueling, had been basically made from honeycomb and carbon tape prepreg for each 

skin (Bitzer T. N., 1997). Moreover, the sandwich structures were also used for producing 

helicopter blades and fuselages. Van Tooren (Tooren V., 1998) demonstrated the feasibility of 

Session 5A 312



 
 
 SEICO 11 PARIS - 32nd. INTERNATIONAL CONFERENCE 
 New Material Characteristics to cover New Application Needs 

 

 
sandwich structures to be used as fuselages of large commercial aircrafts. In the Advanced 

Technology Composite Aircraft Structures (ATCAS) program (Ilcewicz L. B. and Smith P. J., 

1997), the application of sandwich composite panels on the side and keel parts of the future 

fuselages were studied. Since the future aircrafts should be safer, quieter, greener and cheaper, 

more use of lightweight and functional materials and structures are thus demanded. The 

composite  sandwich structure is a preferable alternative by considering its high stiffness-to-

weight ratio, superior fatigue strength, large acoustic and thermal insulation (Zenkert D., 1997). 

However, few studies have investigated the structural optimization of composite sandwich 

cylinders, and compared the sound transmission between sandwich and stiffened composite 

structures.  

In this paper, the fuselage is modeled as a cylinder with a radius of 2 m and a length of 10 m. 

Two typical structures, stiffened and sandwich composite panels, are optimized for the minimum 

weight under flight loads. The weight and sound insulation of the optimum options of both 

structures are then compared with each other. 

 

2. FINITE ELEMENT MODELS OF STIFFENED AND SANDWICH 
STRUCTURES  

The optimization objective is to minimize the total weight and the constraints are chosen as 

the global buckling and composite materials failure. The design variables include the pitch & 

dimension of frames and stringers, the ply thickness in each fiber orientation, and the core 

thickness. Linear buckling analysis (SOL 105) with Lanczos method is chosen for predicting the 

structural instability. The Tsai-Wu failure criterion is used to guarantee the material strength 

under combined flight loads. The FEA software Patran is used to pre- and post-process the 

cylinder and the software Nastran is used to solve the optimization problems. 

The stiffened cylinder is assumed to be stiffened by C frames and Z stringers (Figure 1). The 

skin is modeled with QUAD4 elements and the frames and stringers are modeled with Bar2 

elements. The rigid connection RBE2 is used to connect the frames and stringers with the skin. 

Because the pitch and height of the frame and stringer are considered constant in the model, a 

group of Analysis of Variance (ANOVA) is built to find the optimum structure with consideration 

of the four variables, as shown in Table 1.  

 For the sandwich structure, the QUAD4 element and the HEX8 element are selected to model 

the skin and the core, respectively. Each skin consists of 500 QUAD4 elements and each core 

has 500 HEX8 elements. The core shares nodes with the two skins. The frames are also added 
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onto the cylinder to improve the stability and they are also connected with the outer skin by 

RBE2. The frame pitch and height, the core thickness are variables of the ANOVA, as shown in 

table 2. The multipoint connector RBE3 is used to equally distribute the bending and torsion 

moments over the nodes around the cylinder end. Since this paper is not aimed at studying the 

bonding strength between the core and the skins, it is assumed that the adhesive agent is 

sufficiently strong to prevent delamination between the core and the skins. 

The facing material of sandwich structures is a T300/Epoxy composite the core is Rohacell 

200WF. The stiffened cylinder is composed of aluminum. The loads case used here are cited 

from (Tooren V., 1998). Their numerical values are given in Appendix A. 

 
Figure 1 FEM models of the sandwich cylinder and the dimensions of C frames  

 

 
Figure 2 FEM models of the stiffened cylinder and the dimensions of C frames and Z stringers  

 
3. RESULTS AND DISCUSSION 

In this section, the optimization histories of the stiffened and sandwich structures and the 

resulting weight are presented. The optimum option is chosen in terms of the lowest weight in 

each ANOVA experiment. Then sound transmission loss of the two optimum cases are 

compared with each other. 
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A, Composite stiffened cylinder 

Experiment 
frame 

pitch/m 
stringer 
pitch/m 

frame 
height/m 

stinger 
pitch/m Weight/kg 

1 0.5 0.1 0.05 0.02 881 
2 0.5 0.2 0.1 0.03 802 
3 0.5 0.3 0.08 0.04 874 
4 1 0.1 0.1 0.04 1750 
5 1 0.2 0.08 0.02 1658 
6 1 0.3 0.05 0.03 2738 
7 2 0.1 0.08 0.03 2149 
8 2 0.2 0.05 0.04 3476 
9 2 0.3 0.1 0.02 2058 
I 853 1593 2365 1532  
II 2049 1979 1560 1896  
III 2561 1890 1537 2033  

Extreme Level difference 1708 385 828 501  
Table 1 ANOVA of the stiffened composite cylinder 
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Figure 3 Variable histories of the stiffened cylinder 
 

As shown in Table 1, the second set shows the lowest weight (802 kg) with the constraints of 

the buckling and the material safety. For the second set, the final skin thickness is 2.79 mm. If 

the composite materials failure is not critical the final skin thickness is 1.6 mm. Therefore lots of 

weight is increased to prevent the composites failure. It can be found that the frame pitch is the 

most influential parameter on the total weight. The cylinder with frame pitch 0.5 m can prevent 

buckling more effectively than that with larger frame pitch. Another influential factor is the frame 

height and its increase will lead to the reduction of the total weight.   
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For the composite stiffened cylinder, the initial laminate layup is [0/30/45/60/90]s and each ply 

has the same thickness. The histories of the ply thickness and the dimensions of the stiffeners 

are shown in Figure 3. It can be seen that in the 90° direction (along the axial direction) the 

largest ply thickness exists, because the bending moments are the dominant loads and they 

mainly result in the compressive stress in the axial direction. The largest ply thickness was 

expected in the 90° direction. It can also be noted that the frame width (C_W) largely rises from 

the initial design to the final design. In contrast, the stringer width (Z_W) decreases dramatically. 

The frame width is thus more structurally effective than the stringer width for this load case. 

 

B, Composite sandwich cylinder 
As indicated in Table 2, the fourth group presents the lowest weight (867 kg) and the 

corresponding skin thickness is 1.34 mm. In addition, the frame height and pitch make important 

effects on the weight of the cylinder. Increasing the frame height improves the structural 

efficiency of the sandwich cylinder (as well as the stiffened structure). However, the core 

thickness does not significantly influence the total weight. 

As shown in Figure 4, the frame thickness (C_t1, Figure 1) is larger than that in the final design. 

In addition, the largest frame width (W, Figure 1) results in the lightest structure. Similar to the 

stiffened cylinder, the ply thickness in the axial direction (ply_90) is also the largest.   

 

experiment frame pitch/m core thickness/m frame height/m Weight/kg 
1 0.5 0.005 0.05 2151 
2 0.5 0.01 0.1 912 
3 0.5 0.02 0.08 1326 
4 1 0.005 0.1 867 
5 1 0.01 0.08 1297 
6 1 0.02 0.05 1967 
7 2 0.005 0.08 2743 
8 2 0.01 0.05 3567 
9 2 0.02 0.1 1524 

Level I 1463 1920 2562  
Level II 1377 1926 1789  
Level III 2611 1606 1101  

Extreme Level difference 1234 320 1461  
Table 2 ANOVA of the sandwich composites cylinder 
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Figure 4 the variable history of the sandwich composites cylinder 

 
C, Sound insulation comparison between the two structures 
As mentioned in the previous section, the weight of the lowest stiffened and sandwich 

cylinders is 802 kg and 867 kg, respectively. The stiffened structure shows a slight advantage in 

the structural efficiency.  However, the fuselage should be able to perform other functions such 

as sound and thermal insulation. Therefore the sound insulation of the two optimized structures 

is compared with each other. 

  The statistic energy analysis (SEA) is applied to predict the sound transmission of the two 

structures (sandwich and stiffened) at 20 - 8000 Hz. A diffused acoustic field is set as the noise 

source and the loss factors of all the materials are assumed to be 1%. As illustrated in Figure 5, 

the sandwich structure provides larger sound transmission loss than the stiffened structure 

except at the frequency domain around 1000 Hz. It can be explained as the foam core between 

the stiffer carbon/epoxy faces is damping effectively the structural vibration, especially at the 

high frequencies (above 3000 Hz). The relatively thick foam increases the path of sound 

propagation and dissipates more waves. Another reason is that the radiation efficiency of the 

stiffened structure is higher than that of the monolithic and sandwich structures.(H.Wal and 

Nilsson A. C., 2005). 

For the sandwich cylinder, the mass law is not significant and its coincidence frequency is 

around 1000 Hz. For the stiffened cylinder, the coincidence frequency is around 2000 Hz and a 

big dip appears at the mass-law control range, which is likely due to the resonance frequency of 

the cavity of the cylinder. 
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Figure 5.  Comparison of the sound insulation of the optimum stiffened and sandwich cylinders 

 
4. CONCLUSIONS 

The carbon/epoxy stiffened cylinders and sandwich cylinders are optimized for the minimum 

weight under the same load cases and boundary conditions. The geometry and load cases are 

selected based on the A320 fuselage. The sound insulation of the optimized structures are then 

compared with each other. Based on the results and discussion the following conclusions are 

found: 

For both sandwich and stiffened composites structures, the fiber layup in the axial direction is 

the most effective for improving the structural efficiency of the fuselage. Using the ANOVA of the 

stiffened structure, the option with frame pitch 0.5 m,and stringer pitch 0.2 m shows the lowest 

weight. In addition, the frame pitch is the most influential parameter on the total weight, followed 

by the frame height. With the ANOVA of the sandwich structure, the option with frame pitch 1 m 

and core thickness 5 mm presents the lowest weight. Compared with the core thickness, the 

frame plays an important role in the dimensioning of sandwich cylinder. Finally, the optimum 

stiffened structure (802 kg) is lighter than the optimum sandwich structure (867 kg), on the 

contrary, its sound transmission loss is lower than that of the optimum sandwich structure.  

In summary, both the sandwich structure and the stiffened structure have their advantages 

and disadvantages. In regard to the manufacturability, the lack of stringers for the sandwich 

structure would decrease the parts counts and labor time, but the possible problems such as the 

water ingression, inspection, close-outs and reparation are still challenges for the application of 
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sandwich structures. The combination of sandwich and stiffened structures in the fuselage could 

be a desirable choice.  

In this paper, the skin thicknesses are assumed to be equally distributed everywhere, which 

causes an excessive ply thickness at the low-stress areas. As a result of this, more specific skin 

thickness parameters will be used for different areas of the cylinder in the future work.  
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APPENDIX A 
 
Mechanical properties of ud_t300_n5208(Mpa) 
E1 E2 G12 G23 G13 υ12 ρ (kg/m3) 
181000 10300 7170 5000 7170 0.28 1600 
Xt Yt Xc Yc S F12 t_ply(mm) 
1500 40 1500 246 68 50 0.13 
Core properties(ρc=205kg/m3); Rohacell 200WF foam(Mpa) 
Stiffness Strength 
Ec=350 σt,c=5.8 
Gc=150 σc,c=-9.0 
vc=0.31 τx=5.0 

Aluminum 
 2024-T4-Al(skin) 7075-T62(stringer &frame)
E 73780 72400
υ 0.33 0.33
ρ 2700 2700
Loadings of A320 
T=900 KN My=9500 KN 
Mx=2600 KN P=0.13 MPa 
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