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 Abstract 

In this study, the geometric structure, weight and boundary conditions of the aluminum alloy 

main landing gear FS 34.180 structural part currently used in F-16 fighter aircraft are 

determined. Finite element (FE) analysis is performed considering the forces that the existing 

part is exposed to in four different scenarios with Ansys Workbench software. Then, a FE 

model of the same part is created from carbon fiber reinforced polymer (CFRP) composite 

material. The loading conditions applied in the four scenarios are also applied to the new 

CFRP composite material model. Equivalent stress, equivalent total strain, maximum shear 

stress and total deformation values in the models created with both materials are calculated. 

The results obtained for both materials are compared. As a result of the comparison, it is 

observed that there is a decrease of approximately 0.8% in the equivalent stress, 12% in the 

equivalent total strain, 0.7% in the maximum shear stress and 11.8% in the total deformation 

values for the same loading and boundary conditions. In addition, the total mass of the part 

is reduced from 31.17 kg to 20.77 kg, which corresponds to a reduction of 33.37%. This 

development is expected to reduce the weight of the aircraft as well as extend the fatigue life 

and maintenance period. 

Özet 

Bu çalışmada, F-16 savaş uçaklarında hâlihazırda kullanılmakta olan alüminyum alaşımlı 

ana iniş takımı FS 341.80 kodlu yapısal parçasının geometrik yapısı, ağırlığı ve sınır şartları 

tespit edilmiştir. Mevcut parçanın, dört farklı senaryo durumunda maruz kaldığı kuvvetlere 

göre sonlu elemanlar analizi Ansys Workbench yazılımı ile yapılmıştır. Ardından, aynı 

parçanın karbon fiber takviyeli polimer kompozit malzemeden sonlu eleman modeli 

oluşturulmuştur. Önceki dört senaryoda uygulanan yükleme durumları yeni kompozit 

malzeme modele de uygulanmıştır. Her iki malzeme ile oluşturulmuş modellerdeki eşdeğer 

gerilme, eşdeğer toplam gerinim, maksimum kayma gerilmesi ve toplam deformasyon 

değerleri hesaplanmıştır. Her iki malzeme için elde edilen sonuçlar karşılaştırılmıştır. 

Karşılaştırma sonucunda aynı yükleme ve sınır şartları için eşdeğer gerilme değerlerinde 

yaklaşık %0.8, eşdeğer toplam gerinim değerlerinde yaklaşık %12, maksimum kayma 

gerilmesi değerlerinde yaklaşık %0.7 ve toplam deformasyon değerlerinde yaklaşık %11.8 

civarında azalma olduğu görülmüştür. Bunun yanında parçanın toplam kütlesi 31.17 kg’dan 

20.77 kg’a inmiş; yani, %33,37 oranında azalma sağlanmıştır. Bu gelişmenin, uçağın 

ağırlığını azaltmanın yanında yorulma ömrünü ve bakım süresini de uzatması beklenmektedir. 
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1. INTRODUCTION 

The practice of composite materials is steadily broadening in the aerospace industry as well as in many 

areas. Especially polymer composite materials have a leading and essential effect on the aviation 

industry. Today, approximately 30-40 percent of aircraft frames are manufactured using composite 

materials and this rate is escalating constantly due to technological developments in this field. 

Especially, fiber-reinforced polymer composite materials are rapidly proliferating in the production of 

aircraft and space vehicles (Megson, 2018). 

Engineering materials fall into several categories: metals, polymers, ceramics and inorganic glasses, and 

composites. Metals perform very good at medium temperatures but are not as favorable as ceramics at 

high temperatures. On the other hand, ceramics have high brittleness which makes them inefficient in 

many cases.  Polymeric materials usually fail in medium to high temperatures. Therefore all of them 

have pros and cons. 

Polymer composites are highly efficient, environmentally friendly and provide significant weight 

reduction. Because of the high strength of their fibers, polymer composites offer high “strength-to-

weight” and “hardness-to-weight” ratios (Adeniran et al., 2022; Faizan & Gangwar, 2021; Savran et al., 

2022; Kandaş & Özdemir, 2022). Apart from that, they have high shear strength and low density. For 

these reasons, new generation of aerospace engineers prefer polymer composites to make aircraft lighter, 

stronger and more fuel efficient. 

The performance of aircrafts are greatly affected by their weight since overloading causes severe 

problems. Using composite materials contributes to the solution of this problem. As the aircraft operates 

in a very corrosive environment, corrosion damage must be considered. Non-corrosive carbon fiber and 

glass fiber reinforced polymers were first used in aircraft in the 1970s. Since those years, the use of 

composite materials has been increasing rapidly (Atique et al., 2014; Nayak, 2014; Mrazova, 2013; Deo 

et al., 2003). 

F-16 aircrafts are used in the airforces of many countires. Manufactured by General Dynamics and 

Lockheed Martin companies, these aircraft have various models for training, fighting and bombing 

purposes (Han et al., 2009). F-16 aircraft has a total length of 15 m, a wingspan of about 10 m, a height 

of 5 m, a curb weight of about 8280 kg, and a maximum speed of Mach 2.05, with a single engine 

capable of providing 102 to 130 kilonewtons of thrust. Aluminum constitutes approximately 83% of the 

material in the fuselage and landing gear of these aircraft; steel, titanium and various other materials are 

also used (Crosby, 2015). 

In this study, an alternative for the production of the aluminum alloy FS 341.80 structural part in the 

lower section of the main landing gear used in F-16 aircraft with CFRP composite material was 

discussed and the comparative aluminum alloy and CFRP composite material strength analysis was 

performed using Ansys Workbench FE software. 
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2. MATERIALS USED IN THE STUDY 

2.1 Carbon Fiber Reinforced Polymer (CFRP) Composite Material 

A composite material is a multiphase structural material made of two or more materials with 

substantially distinctive physical or chemical properties, which when blended offer superior overall 

performance compared to individual components. Composites usually consist of two components; the 

reinforcement which consists of stronger, rigid and load-bearing components embedded in a weaker, 

less rigid matrix. The reinforcements are usually fibers or particles. The matrix is a polymer, metal, 

cement, ceramic or hybrid material. 

Composite materials are classified in various ways. According to the matrix materials, they are classified 

as metal matrix, ceramic matrix and polymer matrix composites. According to the fiber type, they are 

classified as particle-reinforced, fiber-reinforced and structural composites. Composite materials, 

although slightly more expensive, have gained more popularity as high-performance products that need 

to be light in weight but strong enough to carry heavy loads. Aircraft and spacecraft structures, boat and 

ship hulls, bicycle and race car body frames, wind turbine blades, etc. are some of them. (Mangalgiri, 

1999; Atique et al., 2014; Guo, et al., 2022; Jung, et al., 2022; Karslı et al., 2020) 

In this study, the production of a structural part used in F-16 aircraft from CFRP composite material as 

an alternative for aluminum alloy is discussed for the aim of weight reduction. For this purpose, a 3D 

model was first created with Unigraphics NX 7.5 CAD software based on technical drawings developed 

on an existing part and then imported into Ansys Workbench FE software to perform equivalent static 

analysis. The mechanical properties of the CFRP composite used as an alternative in the analysis are 

given in Table 1. 

Table 1: Mechanical Properties of the Materials Used  

Mechanical Property Aluminum alloy (Al 2024-T351) CFRP composite material 

Yield stress, 𝝈𝒚 [MPa] 241.32 400.00 

Ultimate stress, 𝝈𝑼𝑻𝑺 [MPa] 351.63 450.00 

Modulus of elasticity, 𝑬 [GPa] 73.77 395.00 

Shear modulus, 𝑮 [GPa] 27.58 141.07 

Poisson's ratio,  0.33 0.40 

 

2.2 Aluminum Alloy Material 

The part currently used in the F-16 is made of an aluminum and copper alloy called Al 2024-T351. 

Aluminum alloys are extensively used in the aerospace industry (Starke & Staley, 1996; Özer, 2016). 

The Aerospace Materials Specification (AMS) assigns the code AMS-QQ-A-250/5 to this alloy, a wide-

known one. T351 means that the alloy has undergone a final high temperature heat treatment. Its main 

properties are high ductility, high creep resistance at elevated temperatures and high fracture toughness 

(Gökçe, 2021; Mouritz, 2012; Özer et al., 2022; Altuntaş & Bostan, 2022; Pan et al., 2023). The 
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mechanical properties of this material are also given in Table 1 comparatively (Holt et al., 1997; 

MMPDS handbook, 2023). 

3. METHOD OF THE STUDY 

3.1 Finite Element Method (FEM) 

In this study, FEM –a widely used numerical method in engineering analysis and designs– was 

employed. In physical systems with complex geometries, loadings, and material properties, it is often 

not possible to obtain analytical solutions to simulate the system's response. Analytical solutions are 

given by a mathematical expression that gives the values of unknown quantities desired in any part of 

an object and is therefore valid for an infinite number of positions in the body. These solutions often 

require solving ordinary or partial differential equations created by engineers and mathematicians. 

Because of the complex geometries, loadings and material properties, the solution of these differential 

equations is not easily obtained. For this reason, numerical methods such as FEM are used (Müftü, 2022; 

Stolarski et al., 2018; Logan, 2016; Cevik, 2009).  

In FE stress analysis, the real geometric body is formed from elements that are easy to calculate on the 

computer, due to the difficulty of formulating it exactly. The laws of physics are then applied to each of 

these small elements having simpler geometry. A mesh structure is developed to divide the whole body 

into elements. The division of the object into elements selected in accordance with its size and geometry 

is called meshing. Nodal points are generated where the elements come into contact with each other. It 

is important to use as many elements as possible so that the stress distribution can be measured more 

sensitively. The coordinates of all nodes are determined with respect to the origin. In the mathematical 

model, matrices are formed for the situations that occur with the application of external forces and 

boundary conditions to the nodes, and these matrix equations are solved by software. In this way, the 

stresses and strains in each element and therefore in the entire body formed by the elements are obtained. 

In the application of the FEM to elastic and continuous media, the steps are: dividing the structure into 

parts, choosing an appropriate interpolation function, deriving the global equilibrium equations by 

combining the element stiffness matrices, applying load and boundary conditions, solving the global 

equation and determining the nodal displacements, strains, stresses and other unknown results (Logan, 

2016; Stolarski et al., 2018) The information required in order to solve these problems are: (a) the 

geometric model of the body, (b) the mechanical properties of the elements such as modulus of elasticity, 

(c) initial, boundary and loading conditions, (d) type of analysis to be performed. 

3.2 The FE Software Used in the Analysis 

Ansys Workbench software was used for FE analysis. It is a general purpose FE software that can be 

used to simulate the interaction of all engineering disciplines in the fields of strength, vibration, fluid 

mechanics, heat transfer, and electromagnetics. Its reliability has been accepted all over the world with 

its widespread use for many years (Esen & Ülker, 2005; Stolarski et al., 2018; Tunca & Kafalı, 2021; 
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Godara et al., 2022; Sunar & Cevik, 2015; Silori et al., 2015; Hassan & Kurgan, 2019). Ansys 

Workbench enables the simulation of the working conditions and the tests of the products in the virtual 

environment before the prototypes are produced. This software graphically displays the distribution of 

strains, stresses and all other calculated results.  

3.3 The FE Type Used in the Analysis 

In the FE analysis, Ansys Workbench SOLID 186/187 element type was used. SOLID186 is a higher 

order 3-D solid element that features quadratic displacement behavior. It has 20 nodes and 3 degrees of 

freedom at each node: translations in the nodal x, y, and z directions. SOLID 187 is the pyramid version 

of the same element. This element supports plasticity, hyperelasticity, creep, large deflection, and large 

strain capabilities (See Figure 1). 

 

Figure 1: Solid 186/187 Element Used in Ansys Workbench 
(Source: Ansys Workbench Manual) 

3.4 Convergence Analysis 

In FEM, the displacement solutions converge when the solutions asymptotically tend to a certain value 

(Logan, 2016; Diambu & Cevik, 2022). Since more accurate results are required in the analysis, mesh 

convergence analysis was performed in the beginning. As the number of elements of the mesh increases, 

the analysis results approach those of the exact solution. This gives an idea of how small the elements 

should be to ensure that the FE analysis results are not affected by the change in mesh size. 

3.5 Numerical Results Considered in the Analysis 

For ductile materials, the most common yield criterion is the von Mises Yield Criterion, also known as 

the equivalent stress criterion. It states that the material will yield if the equivalent stress of a material 

under the loading is equal to or greater than the yield limit of the same material under simple stress 

(Stolarski et al., 2018). Thus, the von Mises stress is used to predict the yield of materials under complex 

loading conditions. The equivalent stress (𝜎𝑒𝑞) is expressed in Eq. (1), which is also used in Ansys 

Workbench. 
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𝜎𝑒𝑞 = √
1

2
[(𝜎1 − 𝜎2)2 + (𝜎2 − 𝜎3)2 + (𝜎3 − 𝜎1)2] (1) 

In our study, apart from equivalent stress; equivalent total strain, maximum shear stress and total 

deformation values were also taken into account. Strain designates the deformation of a body under the 

effects loads such as loads and pressure, etc. Equivalent strain, as a scalar, is a straightforward variable 

to report strain results over a body. Shear stress is the stress component parallel to the material cross 

section. Total deformation exhibits all the deformation pertinent to the model, in three Cartesian 

coordinates. 

4. DEFINING THE CRITICAL COMPONENT TO ANALYZE 

4.1 Selecting the Critical part 

The main landing gear is extremely important to the aircraft, especially when landing (Megson, 2018; 

Göker et al., 2021). The aircraft puts more effort than at any other phase during the landing phase. FS 

341.80 is the component that provides the connection between the aircraft fuselage (see Figure 2) and 

the landing gear; thus, it is exposed to much more force during landing than most components of the 

aircraft.  

 

Figure 2: F-16 Aircraft Lower Fuselage Structure 
(Source: Lockheed Martin Aeronautics Company) 

 

 

Figure 3: Part FS 341.80 
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The main landing gear shock struts and strap struts are attached to the fuselage on part FS 341.80 (See 

Figure 3). We decided to select this part for our study, which is located in lower side of the main landing 

gear.  

4.2 Modeling the Part to be Analyzed 

Since the original technical drawings of the manufacturer could not be accessed, dimensions were taken 

on an existing part. Modeling based on these dimensions was performed using Unigraphics NX 7.5 3D 

software, which is compatible with Ansys Workbench. This part has a very complex geometry, which 

contains many ribs of varying thickness and some curved surfaces. As seen in Figure 4, the modeled 

geometry is 1470 mm wide and 700 mm high, its thickness is 120 mm. Figure 5 shows the isometric 

view of the part.  

 

Figure 4: Front View of the Part FS 341.80 

 

 

Figure 5: Isometric View of the Part FS 341.80 
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4.3 Determination of the Boundary Conditions and Forces Acting on the Part to be Analyzed 

The boundary conditions to be applied to the part are in the sections where the part is mounted on the 

fuselage of the aircraft. The blue arrows in Figure 6 indicate the bolted connections at which the part is 

fixed.  

 

Figure 6: Forces Acting on Part FS 341.80 

 

These connections are, from above to the upper part of the main landing gear, from the sides to the 

fuselage and from the curved central surface to the engine compartment. Loads acting during landing 

are shown in Figure 6 with red arrows. After the wheels hit the ground, the reaction force from the 

ground is transmitted to the part in the following order: wheels, aircraft beams, beam axles, holes on the 

part.  

Thus the applied forces are distributed along the surfaces of the holes near the axles of the beams. These 

holes transfer all the loads, and the upper or lower inner surfaces of the holes are pressed depending on 

the compression or tension in the beams, respectively. Figure 7 shows the force acting on the upper inner 

surface of the hole when compression occurs in the relevant beams.  
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Figure 7: Force Acting on the Upper Inner Surface of the Hole 

 

The force applied to the part through the wheels is calculated by Eq. (2) where 𝑚F16 denotes the mass 

of the aircraft, 𝑎𝐹16 the acceleration and 𝑣land the landing velocity in the direction of the ground reaction. 

Four different scenarios are defined in the next section and the mass of the aircraft is given in each 

related scenario.  

𝐹 = 𝑚𝐹16. 𝑎𝐹16 = 𝑚𝐹16

𝑣𝑙𝑎𝑛𝑑

∆𝑡
 (2) 

Since the landing is very sudden in the form of an impact, the ∆t value was accepted as 0.1 seconds. It 

is stated in the literature (Kesarwani, 2017) that the maximum landing speed of the F-16 for a safe 

landing is 160 knots, almost 82.31 m/s or more specifically 296.32 km/h when converted to SI units. 

The ideal angle of attack to land the F-16 is in the range of 11°<𝐴𝑜𝐴<15° (Ramprasadh et al., 2018). 

Thus we assumed that Angle of Attack (𝐴𝑜𝐴)=13°. 

 

Figure 8: F-16 Landing 
(Source: www.savturk.com) 
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For a landing F-16, as seen in Figure 8, the velocity component in the direction of ground reaction at 

the moment the wheels touch the ground is calculated as follows, according to Figure 9:  

𝑣𝑙𝑎𝑛𝑑 = 𝑣 𝑠𝑖𝑛 𝐴𝑜𝐴 (3) 

Here, 𝑣 is the speed of the aircraft in its direction of motion.  

 

Figure 9: Diagram of velocity vectors acting on the wheel during landing 
 

We calculate the mass of F-16 as:  

𝑚𝐹16 = 𝑚𝑚𝑡 − 𝑚𝑐𝑚𝑖𝑛 − 𝑚𝑓𝑢𝑒𝑙 = 19200 − 4500 − 1000 = 13700 kg (4) 

where, 𝑚𝑚𝑡 is the maximum take-off mass, 𝑚𝑐𝑚𝑖𝑛 is the minimum ordnance mass at landing, and 𝑚𝑓𝑢𝑒𝑙 

is the minimum fuel mass consumed during the flight. Accordingly, the minimum safe mass of the 

aircraft on landing was assumed as 13700 kg. 

In Figure 10, arrow number 1 is the shock absorber support, arrows number 2 and 3 are the pull supports. 

The main function of the shock absorber is to absorb and dissipate the impact kinetic energy until the 

acceleration applied to the body is reduced to an acceptable level. This assembly is a two-stage air-oil 

type shock support that produces a stepped air spring. Its fully extended length is 93.59 cm. The shock 

support is directly connected to the underside of the traction support and the track assembly at the rear 

end of the main gear case.  
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Figure 10: Shock and Pull Supports 

 

Figure 11 shows the fixed boundaries in Ansys Workbench. Figure 12 shows the applied forces in Ansys 

Workbench.  

 

Figure 11: FS 341.80 Fixed Boundaries 

 

Figure 12: Forces Applied on FS 341.80 

 



Kaya, Çevik, Savunma Bilimleri Dergisi, 43(2): 454-472 (2023) 

 

465 

 

4.4 Four Different Scenarios Considered in the Analysis  

For equivalent static analysis, four different scenarios were defined in which the landing mass and 

velocity of the aircraft varied. 

Scenario 1: It's a typical F-16 landing. It is assumed that the aircraft took off with ordnance and returned 

by completing its mission, by sending the ordnance to the target. Landing mass: 13700 kg, landing 

speed: 160 knots (296.32 km/h). It is also assumed that the aircraft lands on two wheels in the ideal 

landing condition. 

Scenario 2: It was assumed that the plane took off and had to make an emergency landing due to a 

malfunction that was detected in a very short time. In this case, its mass is taken to be approximately 

equal to the mass of the moment of take-off, that is, approximately 18750 kg. The landing speed is again 

160 knots (296.32 km/h). Normally, in these situations, a significant percent of the fuel is deliberately 

discharged to reduce the mass of the aircraft during landing, but we neglected this discharge to stay on 

the safety side.  

Scenario 3: The aircraft took off, completed its normal flight, and landed with the mass in Scenario 1. 

However, its speed at ground contact is 100 km/h (approx. 33%) higher than its normal landing speed; 

that is 396.32 km/h.  

Scenario 4: Finally, it was assumed that the landing was not “perfect”, that is, the aircraft landed on one 

wheel of the main landing gear, not two wheels, at the first moment. In other words, it is assumed that 

the right wheel touches the ground at the first landing and the left wheel has not yet touched the ground. 

So the holes on the right side of part FS 34.180 will be forced twice of Scenario 1. 

The four scenarios mentioned above are summarized in Table 2, and the forces acting on the holes of 

the part in each scenario are given in Table 3. The minus sign indicates compression.  

Table 2: Four Different Landing Scenarios  

Scenario # Landing Mass Landing velocity (km/h) Gear contact single/double 

1 13 700 296.32 double 

2 18 750 296.32 double 

3 13 700 396.32 double 

4 13 700 296.32 single 

 

Table 3: Forces on the Holes of the Part FS 34.180  

Scenario # Compressive force on the holes [kN] Tensile force on the holes [kN] 

1 – 1277.50 561.78 

2 – 1748.40 768.85 

3 – 1713.81 754.89 

4 – 2555.50 1123.56 
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5. ANALYSIS 

In the equivalent static analysis, it is aimed to calculate the equivalent stress, equivalent total strain, 

maximum shear stress and total deformation values that the part is exposed to due to the forces acting 

on the main landing gear wheels when they hit the ground.  

5.1 Convergence Analysis 

In order to ensure that the element size of the mesh is sufficient, a convergence analysis is performed. 

The results of the analysis are shown in Table 4. Finally, 20mm mesh element size of was selected at 

the 6th trial.  

Table 4: Convergence Analysis  

Trial Mesh size (mm) Number of nodes Number of Elements Equivalent stress (MPa) 

1 30 481 035 264 566 57.821 

2 28 562 589 311 947 54.167 

3 26 642 423 358 281 55.423 

4 24 778 136 438 998 54.696 

5 22 929 569 527 475 57.878 

6 20 1 077 259 614 274 60.525 

 

The meshed view of the part is shown in Figure 13. There are 1 077 259 nodes and 614 274 Solid 

elements.  

 

 

Figure 13: FS 341.80 Ansys Workbench mesh view (mesh size 2 mm) 
 

5.2 Strength Analysis of Aluminum Alloy Part 

The analysis of the existing part made of aluminum alloy was carried out for the 4 scenarios specified 

in Section 3.4. The equivalent stress and total deformation graphs for the most critical Scenario 4 are 

shown in Figures 14 and 15, respectively.  
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Figure 14: Aluminum alloy part equivalent stress graph for Scenario 4  
 

 

Figure 15: Aluminum alloy part total deformation graph for Scenario 4 

5.3 Strength Analysis of CFRP Composite Part 

The analysis of the part made of CFRP composite material was carried out for the 4 scenarios specified 

in Section 3.4. The equivalent stress, equivalent total strain, maximum shear stress and total deformation 

graphs for the most critical Scenario 4 are shown in Figures 16-19, respectively.  

 

Figure 16: CFRP composite part equivalent stress graph for Scenario 4 
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Figure 17: CFRP composite part equivalent total strain graph for Scenario 4 
 

 

Figure 18: CFRP composite part maximum shear stress graph for Scenario 4 
 

 

Figure 19: CFRP composite part total deformation graph for Scenario 4 

 

5.4 Comparison of Analysis Results 

Table 5 shows the equivalent (von Mises) stress values in FS 34.180 structural part for aluminum alloy 

and CFRP composite material. There is a very slight decrease of less than 0.8% in CFRP composite.  

Table 5: Equivalent Stress Values (MPa) in FS 34.180 Structural Part 

Case # Aluminum CFRP Composite % Change 

1 30.263 30.021 – 0.7997 
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2 41.418 41.088 – 0.7968 

3 40.545 40.222 – 0.7966 

4 60.525 60.043 – 0.7964 

 

Table 6 shows the equivalent total strain values in FS 34.180 structural part for aluminum alloy and 

CFRP composite material. There is a decrease of about 12% in CFRP composite.  

Table 6: Equivalent Total Strain Values in FS 34.180 Structural Part 

Case # Aluminum CFRP Composite % Change 

1 0.00042319 0.00037260 – 11.9544 

2 0.00050099 0.00044112 – 11.9503 

3 0.00056698 0.00049921 – 11.9528 

4 0.00084621 0.00075068 – 11.2892 

 

Table 7 shows the maximum shear stress values in FS 34.180 structural part for aluminum alloy and 

CFRP composite material. There is a very slight decrease of about 0.7% in CFRP composite.  

Table 7: Maximum Shear Stress Values (MPa) in FS 34.180 Structural Part 

Case # Aluminum CFRP Composite % Change 

1 0.00042319 0.00037260 – 11.9544 

2 0.00050099 0.00044112 – 11.9503 

3 0.00056698 0.00049921 – 11.9528 

4 0.00084621 0.00075068 – 11.2892 

 

Table 8 shows the total deformation values in FS 34.180 structural part for aluminum alloy and CFRP 

composite material. There is a decrease of about 11.8% in CFRP composite.  

Table 8: Total Deformation Values (mm) in FS 34.180 Structural Part 

Case # Aluminum CFRP Composite % Change 

1 4.6297 4.0837 – 11.7934 

2 6.3363 5.5890 – 11.7939 

3 6.2028 5.4712 – 11.7947 

4 9.2594 8.1674 – 11.7934 

 

In Table 9, it is seen that the weight of the part is reduced by 33.37% as a result of the use of CFRP 

composite material.  

Table 9: Comparison of Masses (kg) of FS 34.180 Structural Part for Two Materials 

Aluminum CFRP Composite % Change 

31.17 20.77 33.37 

 

6. CONCLUSION 

The strength analysis of the existing aluminum alloy FS 341.80 structural part operated in the F-16 

aircraft was made with Ansys Workbench. Another analysis was made for the CFRP composite with the 
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same technical dimensions. In both analyses, the loads were calculated according to four different 

scenarios, taking into account the situations that the aircraft may encounter during landing. 

As a result of the analyses made according to the scenarios; the equivalent (von-Mises) stress value was 

reduced by about 0.8%, the equivalent total strain value by 12%, the maximum shear stress value by 

0.7% and the total deformation value by 11.8%. The mass of the analyzed F-16 part was reduced from 

31.17 kg to 20.77 kg when CFRP composite material with similar strength properties was used instead 

of aluminum alloy, thus the weight of the part was reduced by 33.37 percent. 

This weight reduction is for a single part, and when this analysis is carried out for other structural parts, 

the total weight reduction will be much higher. Thus, the operational capability of the F-16 aircraft 

would be enhanced by increasing the amount of ordnance and fuel optimization, and our aircrafts will 

be used more effectively in the field. 

In today's conditions, the production of composite materials that will provide these analysis results 

would be costly and difficult. However, due to the developing technology, the search for new materials, 

studies in the field of aviation, and the development of operational doctrines, more structural parts will 

be produced and used with composite materials. 
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