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Weight is of great importance in the aircraft industry. Aircraft are made of aluminum 

alloys that are susceptible to heat treatment, because they are light in weight and are 

metal strong enough for the dynamic designed loads they can face, but there are other 

reasons for obtaining alternative materials, and these materials are composite materials 

that it is lighter in weight than aircraft made of aluminum, firstly, and secondly, it can 

be formed into attractive shapes, eliminating welding and rivets, and thirdly, it can be 

formed into aerodynamic shapes. This work is based on designing a three-dimensional 

model consisting of aluminum alloy (AA-6061-T6) of the structure helicopter and then 

comparing it with five other models of different metal and composite materials to obtain 

a structure that has the least weight among these models. The results indicate that the 

best model with the lowest weight is the fourth model consisting of carbon fiber, 

proportions and weight of a square meter and a thickness of (28 mm) than the weight 

of the first model consisting of aluminum and weighing (81 kg), it was less than 

(22.7%). Then the fifth model, which consisted of an outer layer of aluminum with a 

thickness of five millimeters and another inner layer of aluminum of the same thickness, 

and between the inner and outer layer eighteen layers of carbon fiber, where the 

percentage of decrease in it compared to the first model by up to (19.2%), and worse a 

model in terms of weight is the second model was made of steel, which has a weight 

that is almost twice the weight of the first model.  
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1. INTRODUCTION

Composite materials of laminated structure are extensively 

used in an aerospace application [1, 2]. They subjected to 

mechanical as well as to thermal loads which is caused by 

aerodynamic heating and severe thermal gradient built across 

the thickness of the material as a result a very high thermal 

stresses appeared, and the temperature increase affects the 

properties of material [1]. Laminated plate, and shells made of 

composite material was thermally stress analyzed. Finite 

element of semisoft shell and laminated plate was thermally 

stress analyzed. The results indicated that the laminates 

behavior in case of thermal load was different from that 

examined subjected to mechanical load [1]. Foreign objects 

impact on structures may produce an internal damage as a 

result strength of structure is occurs. Such impact study 

requires knowledge in event dynamic; predicating the induced 

damage extent, as well as structure residual properties needs 

to be estimated. The impact event involves the target motion, 

the projectile motion, and the local indentation on the 

contacted zone [2]. The traditional method to protect armored 

vehicles by armored based on steel could lead to a heavy 

structure which results a logistical problem appears due to the 

need of vehicles to transport to a battle site. Armored vehicle 

speed and mobility is of important needs in a combat situation, 

hence the decrease in the weight amount can lead to a faster 

vehicle speed and more maneuverable for a given power plant 

[3]. Fiber composite failure criteria thermal stresses effect was 

studied [4]. The study used a method of direct micromechanics 

for micro- thermal stress investigation effects on the 

composite failure envelope [4]. The exact failure envelope was 

developed by analyzing the composite by using FEA thermal 

stress. Affordable and Armored protection for combat vehicles 

was studied. Metallic advantages were described by different 

approaches. Various approach as well as advancement in the 

ceramic, metallic and armored of composite materials and 

armor system of new dynamic that are essentially adopted for 

survivability improvement of armored vehicles in the 

futuristic multispectral battlefield scenarios [5]. A helicopter 

windshield bird strike was investigated by applying finite 

element of smoothed particles hydrodynamic. Five cases were 

considered: acrylic of single layer, glass of single, acrylic of 

two walls, acrylic with polyvinyl butyral (PVB) interlayer and 

glass with PVB interlayer. It was concluded that windshield 

dramatically strength was increased by using PVB interlayer 

[6]. The performance of armored steel and its mechanical 

properties was studied, and the steel performance was 

determined by the material hardness, strength and its behavior 

to high strain. Adiabatic shear phenomenon, toughness, 

structural cracking was also studied along with its 
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specifications and standards. It was indicated that armored 

steel could improve the design well [7]. Rotary blades are an 

improvement in robotic design where fundamental aspects of 

aeronautical engineering (structure, performance and 

aerodynamics) are described and studied. A modular chassis 

and realistic composite rotor blades have been developed with 

advanced sectional commercial software architecture (VABS, 

ANSYS, Pre VABS) with a number of codes implemented to 

automate structural analysis ranging from aerodynamic data 

processing to stress analysis and sectional properties, a 

modular integration framework has been created in which 

Helicopter volume generation, structural analysis and 

aerodynamic performance analysis, as well as the 

manufacturing cost can be investigated. The movable part 

shall be aspects including the shape of the aileron, the internal 

structure and the shape of the plan considered in a 

multidisciplinary design improvement without an important 

exception to the configuration [8]. Rotorcraft structure 

structural in a multidisciplinary- environment was analyzed [9] 

and unconventional design concepts such as compound 

helicopters in which additional lifting surfaces as well as 

propellers were satisfied. Feature cut- out fusel lags of 

helicopter that influence the load path and hence the structure 

and mass. The process chain and the data format which was 

used to combine tools were described [9]. The main rotor craft 

design of new helicopters was the primary design objective for 

many years, and this design was developed and changed for 

the last couple of years into all helicopter components as an 

overall system assessment. The prediction of weight is an 

essential part of the design as it determines the rotorcraft basic 

properties. The rotor craft structure represents rotor craft major 

part; the structure air frame structural design constitutes a 

significant factor of the rotor craft at preliminary level [10]. 

Generally, the design of aircraft can be classified in to three 

classical as reported earlier [11]. The conceptual stage, the 

preliminary stage and the detailed design stage, weight 

assessment of rotorcraft structure in early design stages was 

investigated [12]. The rotorcraft design was carried out and 

also divided into three consecutive phases of: conceptual, 

preliminary as well as detailed design. The results of each 

phase have been served as input for the newly calculations 

which increased the detailed level and the new concept 

information. The rotorcraft weight drives the design of the 

propulsion system, rotors and the fuel required. Rotorcraft 

component weight estimation approach was shown by using 

statistical method which based on existing rotorcraft as well as 

using finite element methods approach which determined 

structural airframe weight based on mission profiles 

respectively bearable load cases [12]. Thermal deformation 

and stress in the slices were analyzed using equivalent single-

layer models [13-18], There are variables that do not depend 

only on the number of layers, but on other variables, such as 

the armament directions of the layers, the impurities present 

between the layers and the very thin layers in which there is 

no armament between the layers, and the study of these 

variables can be observed in the works [19-22]. Composite 

materials have been used as materials in the manufacture of 

various material structures, as alternative materials to 

traditional materials, and good results have been obtained [23-

25]. In addition, layer-wise models have been used to predict 

the thermal response of multilayer panels [26-28].  

In this paper, Sex three-dimensional mathematical models 

will be created, consisting of different materials (aluminum, 

steel, fiber glass, carbon fiber, aluminum with carbon fiber, 

steel with carbon fiber). In order to obtain the best structure 

for a helicopter that is light in weight and that resists missiles 

under the influence of penetration pressure and high 

temperature, using the ANSYS 15.0 program. 

 

 

2. MATERIALS AND MODEL ANALYSIS 

 

Six three-dimensional models were created by fixing the 

width and height of the aircraft, where the largest dimensions 

were (L = 15.56 * h = 5.23 m) respectively shown in Figure 1 

and by changing the thickness of the helicopter structure to 

obtain the same specifications in the five models and take 

thickness of first model (Aluminum model (t = 0.03 m)) in 

terms of its resistance to deformation and different stresses 

imposed on it, where a load of (P = 500 Pa) with a temperature 

(T = 250 ºC) in a element on the structure of an area (A element
 

= 0.30723 m2) and as in Figure 1, using the ANSYS program 

(15.0). 

 

 
 

Figure 1. The geometry of the helicopter structure and the 

applied loads and the horizontal and vertical paths 

 

Table 1 appears the mechanical and thermal specifications 

of the six models used in the tests in the ANSYS 15.0 program, 

the thickness of the wall of each model was chosen after 

simulation of attempts from taking different thickness for the 

five models and comparing the results of their resistance to 

deformation and different stress by providing an approach to 

the results of the tests of the first model, which consisted of 

aluminum alloy, in which the thickness of the model was fixed 

(t = 0.03 m), and through repeated attempts the thickness and 

number of layers were determined for each model, while Table 

2 shows the mechanical specifications of carbon fiber and 

fiberglass as orthotropic materials, as they have a modulus of 

elasticity, a modulus of stiffness and a different Poisson ratio 

in the three axes (x, y, z). As for the Table 3, it shows the type 

of model, the type of the applied load, and the type of the 

element used in the ANSYS 15.0 program, as well as the 

number of layers and their number in each model. 

 

Table 1. Mechanical and thermal properties of aluminum alloy, steel, carbon fiber, and fiberglass [15-18, 24] 

 

Model Materials 

Density 

ρ, 

Kg/m3 

Thermal 

Conductivity 

W/m.k 

Melting 

Point, °C 

Specific 

heat 

capacity, 

J/kg 

Modulus 

of 

elasticity 

E, GPa 

Passion’s 

ratio 

Number 

of layers 

Total 

thickness 

t, (mm) 

M1 
Aluminum Alloy 6061 

- T6 
2700 167 651 896 69 0.33 1 30 

M2 Steel 7800 50.2 1540 470 210 0.3 1 20 
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M3 Fiberglass 

Glass 

70% 
2500 0.8 1540 753 87 0.2 

45 45 
Epoxy 

30% 
1200 0.23 84 1110 3.5 0.3 

M4 
Carbon 

fiber 

Carbon 

70% 
2267 0.17 3652 2020 230 0.3 

28 28 
Epoxy 

30% 
1200 0.23 84 1110 3.5 0.3 

M5 

AA - 6061 - 

T6 & 

Carbon 

fiber 

AA - 

6061- 

T6 

2700 167 651 896 69 0.33 2 10 

Carbon 

70% 
2500 0.8 1540 2020 87 0.2 

18 18 
Epoxy 

30% 
1200 0.23 84 1110 3.5 0.3 

M6 

Steel  & 

Carbon 

fiber 

Steel 7800 50.2 1540 470 210 0.3 2 10 

Carbon 

70% 
2500 0.8 1540 2020 87 0.2 

11 11 
Epoxy 

30% 
1200 0.23 84 1110 3.5 0.3 

 

Table 2. The flexible properties of fiberglass and carbon fiber [18] 
 

Material Eii, MPa Gii, MPa 𝜇𝑖𝑗 𝜇𝑗𝑖 

Carbon fiber 

E11=91600 

E22=38700 

E33=8590 

G12=11540 

G13=2750 

G23=1070 

µ12=0.26 

µ 13=0.30 

µ 23=0.30 

µ21=0.110 

µ 31=0.028 

µ 32=0.067 

Fiberglass 

E11=26600 

E22=23300 

E33=10760 

G12=5030 

G13=1140 

G23=950 

µ12=0.17 

µ 13=0.52 

µ 23=0.53 

µ21=0.150 

µ 31=0.062 

µ 32=0.245 
 

Table 3. The code, model, load type and element type used in the ANSYS 15.0 program 
 

No. Material Code Model 
Individual 

disciplines 

Type of 

Element 

1 
Model - 

1 
[0] 

Linear, 

(Isotropic) 

Structural & 

Thermal 

SHELL 

281 

2 
Model - 

2 
[0] 

Linear, 

(Isotropic) 

SHELL 

281 

3 
Model - 

4 
[0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0]s 

Linear 

(Orthotropic) 

SHELL 

281 

4 
Model - 

3 
[0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90] 

Linear 

(Orthotropic) 

SHELL 

281 

5 
Model - 

5 
[0/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0] 

Linear, 

(Isotropic) SHELL 

281 Linear 

(Orthotropic) 

6 
Model - 

6 
[0/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0/90/0] 

Linear, 

(Isotropic) SHELL 

281 Linear 

(Orthotropic) 
 

 

 

3. RESULTS AND DISCUSSION 
 

The first model of aluminum alloy (AA-6061 T3) was 

designed in the ANSYS 15.0 program for a three-dimensional 

helicopter structure, as it was the maximum length (15.56 m) 

and the shortest width in the hull (5.23 m) while the wall 

thickness was (30 mm). The model was loaded with a pressure 

load (500 Pa) which is a temperature (250ºC) in the indicated 

area in the Figure 1 of the structure of the helicopter on an 

element whose cross-sectional area (0.30723), after 

calculating the maximum deformation and all the strains and 

stresses in the area of influence of the load, on a longitudinal 

and a transverse path, as indicated by the Figure 1. Five other 

models were then designed, made of different materials, some 

of which are composite materials, to compare their resistance 

to the same deformation, strains and stresses, and they have 

different wall thicknesses to obtain less weight for the 

structure of the helicopter, and it has the same specifications 

as the first model. Figure 2 shows a comparison between the 

maximum vectors deformations (U) in the different models 

and it is clear that the maximum deformation in the different 

models is almost equal despite the different materials used and 

the different wall thicknesses, the vectors deformations (U) 

value was confined between (1.10*10-4 - 1.06*10-4).   

The comparison of shear stress (бxy) results in Figure 3 for 

all models shows that the maximum stress was in the sixth 

model and its amount (6.50 MPa) while the lowest maximum 

stress was in the third model and its value was (1.82 MPa). 

Figure 4 appears the results of comparing the stress intensity 

(бint.) for all models under the same loading conditions, and the 

figure shows that the maximum stress intensity was in the 

second model and its amount (42.1 MPa), and the lowest value 

of the stress intensity (бint.) was in the third model and its 

value (7.57 MPa). 
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Figure 5 shows a comparison between the results of the 

strain (Ԑz) of all the models, and shows that the results are in a 

very acceptable match, as the results of the strain were limited 

to (1.03*10-4 - 3.13*10-4). 

 

  

  

   
 

Figure 2. Results of vector deformation (U) for all models 

 

  

  

   
 

Figure 3. Results of normal shear stress (бxy) for all models 

 

Figure 6 shows the results obtained for the different models 

of strain intensity (Ԑint.), and the results were very close to each 

other and with a high degree of congruence, as the results were 

confined between (2.39*10-4 - 5.93*10-4). 
 

  

  

   
 

Figure 4. Results of Normal intensity r stress (бint.) for all 

models 
 

  

  

   
 

Figure 5. Results of total mechanical strain (Ԑz) for all 

models 
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Figure 6. Results of total mechanical strain intensity (Ԑint.) 

for all models 

 

   

   

   
 

Figure 7. Results of body temperature (TB) for all models 

 

Figure 7 shows the effect of load temperature on the 

helicopter structure for all models, and the figures show that 

the temperature distribution is similar in almost all models. 

Figure 8 shows the geometry deformation (Uz) along the 

horizontal path from the beginning to the end and passing 

through the region of influence of the loads, and it shows in 

the figure the maximum deformation in the region of the 

influence of the load, which has a similar shape in all models. 

 

   

   

   
 

Figure 8. Results of geometry deformation (Uz) on 

horizontal path for all models 

 

Figure 9 appears the comparison of the results of 

deformation in the direction of (UZ) on the vertical path, and 

from the figure shows a match in the resistance of the different 

models, which are of different thicknesses. 

 

 
 

Figure 9. Comparison showing the result of deformation 

(Uz) on the horizontal path for all models 

 

Figure 10 appears a comparison of the results obtained for 

axial deformation in the direction of (ROTX) on the vertical 

path, and from the figure it is clear that the maximum 

deformation value in the first model is less than that of the 

other models. 

 

317



 

 
 

Figure 10. Comparison showing the result of deformation 

(ROTX) on the horizontal path for all models 

 

Figure 11 appears a comparison of the results obtained for 

axial deformation in the direction of (ROTY) on the vertical 

path, and the figure shows that the maximum deformation 

value is identical in all models. 

 

 
 

Figure 11. Comparison showing the result of deformation 

(ROTY) on the horizontal path for all models 

 

Figure 12 appears a comparison of the results obtained for 

axial deformation in the direction of (ROTSUM) on the 

horizontal path. The figure shows that the maximum 

deformation value was in the fifth model, and the deformation 

value was in the first mode, but the difference is very small 

between all models. 

 

 
 

Figure 12. Comparison showing the result of deformation 

(ROTSUM) on the horizontal path for all models 

 

Figure 13 appears a comparison of the results obtained for 

normal stress (бx) on the horizontal path. The figure shows that 

the maximum value of the stress was in the sixth model and 

then the fifth model, while the lowest value of the stress was 

in the third model, also the stress value in the first model was 

almost in the average stresses. 
 

 
 

Figure 13. Comparison showing the result of normal stress 

(бx) on the horizontal path for all models 
 

Figure 14 appears a comparison of the results obtained for 

normal stress (бy) results on the horizontal path, and that the 

maximum value of the stress was in the second model, while 

it was the lowest value of the stress in the third model, and the 

stress value in the first model was after the value of second 

model. 

 

 
 

Figure 14. Comparison showing the result of normal stress 

(бy) on the horizontal path for all models 
 

Figure 15 appears a comparison of the results obtained for 

shear stress (τxy) on the horizontal path, and that the maximum 

value of shear stress was in the second model when it was 

positive shear stress, while it was the lowest value of the 

negative shear stress in the sixth model, and the value of the 

other models was almost equal. 

 

 
 

Figure 15. Comparison showing the result of shear stress 

(τxy) on the horizontal path for all models 

 

Figure 16 appears a comparison of the results obtained for 

the stress intensity (бint.) on the horizontal path, and that the 
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maximum value of the stress intensity was in the second and 

sixth model, while it was the lowest value of the stress 

intensity in the third model, and the value of the other models 

was almost equal. 

 

 
 

Figure 16. Comparison showing the result of intensity stress 

(бint.) on the horizontal path for all models 

 

Figure 17 appears a comparison of the results obtained of 

the stress results (бvon.) on the horizontal path, and that the 

maximum value of the stress intensity was in the second and 

sixth model, while the lowest value of the stress intensity was 

in the third model. 

 

 
 

Figure 17. Comparison showing the result of intensity stress 

(бvon.) on the horizontal path for all models 

 

Figure 18 shows the comparison of the results of the total 

strain-x (Ԑx.) on the horizontal path, and an acceptable match 

is found in the results of all models. 

 

 
 

Figure 18. Comparison showing the result of total strain-x 

(Ԑx.) on the horizontal path for all models 

 

Figure 19 appears a comparison of the results obtained of 

the total strain (Ԑy) on the horizontal path, and the highest 

strains are in the first models compared to the other models, it 

was the lowest value in the sixth model. 
 

 
 

Figure 19. Comparison showing the result of total strain-y 

(Ԑy.) on the horizontal path for all models 

 

Figure 20 appears a comparison of the results obtained of 

the total strain (Ԑz) on the horizontal path, and the highest 

strains are in the first and fifth models compared to the other 

models, whose values are to some extent identical. 
 

 
 

Figure 20. Comparison showing the result of total strain-z 

(Ԑz) on the horizontal path for all models 

 

Figure 21 appears a comparison of the results obtained of 

the results of the shear total strain (Ԑxy) on the horizontal path, 

and the highest strains were in the fourth model compared to 

other models whose values were with an acceptable match. 

 

 
 

Figure 21. Comparison showing the result of total strain-xy 

(Ԑx.y) on the horizontal path for all models 
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Figure 22 appears a comparison of the results obtained of 

the total strain intensity (Ԑint.) on the horizontal path, and the 

values of the second and sixth was the lowest, while the 

models' values were variable in the region of the highest strain, 

and the highest value was in the first model. 

 

 
 

Figure 22. Comparison showing the result of total strain-

intensity (Ԑint.) on the horizontal path for all models 

 

Figure 23 appears a comparison of the results obtained of 

the total von strain (Ԑvon) on the horizontal path, where the 

lowest values were in the second and fifth models, while the 

other model values were somewhat identical. 

 

 
 

Figure 23. Comparison showing the result of total von strain 

(Ԑvon) on the horizontal path for all models 

 

Figure 24 appears a comparison of the results obtained of 

the axial deformation in the direction of (Uz) on the vertical 

path, and it is clear from the figure that the maximum 

deformation value in all models is similar. 

 

 
 

Figure 24. Comparison showing the result of deformation 

(Uz) on the vertical path for all models 

 

Figure 25 appears a comparison of the results obtained of 

the axial deformation in the direction of (ROTX) on the vertical 

path, and it is clear from the figure that the maximum 

deformation value in all models is similar. 

 

 
 

Figure 25. Comparison showing the result of deformation 

(ROTX) on the vertical path for all models 

 

Figure 26 appears a comparison of the results obtained of 

the axial deformation in the direction of (ROTY) on the vertical 

path, and the figure shows that the maximum deformation 

value is identical in all models. 

 

 
 

Figure 26. Comparison showing the result of deformation 

(ROTY) on the vertical path for all models 

 

Figure 27 appears a comparison of the results obtained of 

the axial deformation in the direction of (ROTSUM) on the 

vertical path. The figure shows nearly identical deformation 

values in all six different models. 

 

 
 

Figure 27. Comparison showing the result of deformation 

(ROTSUM) on the vertical path for all models 

 

320



 

Figure 28 appears a comparison of the results obtained of 

the normal stress (бx) on the vertical path. The figure shows 

that the maximum value of the stress was in the second model, 

while the lowest value of the stress was in the third model. 

 

 
 

Figure 28. Comparison showing the result of normal stress 

(бx) on the vertical path for all models 

 

Figure 29 appears a comparison of the results obtained of 

the normal stress (бy) results on the vertical path, and that the 

maximum value of the stress was in the second model, while 

it was the lowest value of the stress in the third model. 

 

 
 

Figure 29. Comparison showing the result of normal stress 

(бy) on the vertical path for all models 

 

Figure 30 appears a comparison of the results obtained of 

the shear stress results (τxy) on the vertical path, and that the 

maximum value of shear stress was in the second model when 

it was positive shear stress, while it was the lowest value of the 

negative shear stress in the first model, and the value of the 

other models was almost equal. 

 

 
 

Figure 30. Comparison showing the result of normal stress 

(τxy) on the vertical path for all models 

Figure 31 appears a comparison of the results obtained of 

the stress intensity (бint.) on the vertical path, and that the 

maximum value of the stress intensity was in the second and 

sixth model, while it was the lowest value of the stress 

intensity in the third model. 

 

 
 

Figure 31. Comparison showing the result of intensity stress 

(бint.) on the vertical path for all models 

 

Figure 32 appears a comparison of the results obtained of 

the von stress results (бvon.) on the vertical path, and that the 

maximum value of the von stress was in the second model, 

while the lowest value of the stress intensity was in the third 

model. 

 

 
 

Figure 32. Comparison showing the result of intensity stress 

(бvon.) on the vertical path for all models 

 

Figure 33 appears a comparison of the results obtained of 

the total strain-x (Ԑx) on the vertical path, and the strain was 

highest in the fourth model and lowest in the sixth model. 

 

 
 

Figure 33. Comparison showing the result of total strain-x 

(Ԑx.) on the vertical path for all models 

321



 

Figure 34 appears a comparison of the results obtained of 

the total strain (Ԑy) on the vertical path, and the highest strains 

are in the first models compared to the other models, it was the 

lowest value in the sixth model. 

 

 
 

Figure 34. Comparison showing the result of total strain-y 

(Ԑy.) on the vertical path for all models 

 

Figure 35 appears a comparison of the results obtained of 

the total strain (Ԑz) on the vertical path, and the highest strains 

are in the first and fifth models compared to the other models, 

whose values are to some extent identical. 

 

 
 

Figure 35. Comparison showing the result of total strain-z 

(Ԑz) on the vertical path for all models 

 

Figure 36 appears a comparison of the results obtained of 

the shear total strain (Ԑxy) on the vertical path, and the highest 

strains were in the third model compared to other models 

whose values were with an acceptable match. 

 

 
 

Figure 36. Comparison showing the result of total strain-xy 

(Ԑxy) on the vertical path for all models 

Figure 37 appears a comparison of the results obtained of 

the total strain intensity (бint.) on the vertical path, and the 

value of the sixth was the lowest, and the highest value was in 

the second model. 

 

 
 

Figure 37. Comparison showing the result of total strain-

intensity (Ԑint.) on the vertical path for all models 

 

Figure 38 appears a comparison of the results obtained of 

the total von strain (Ԑvon) on the vertical path, where the lowest 

values were in the second and sixth models, while largest value 

in the fourth model. 

 

 
 

Figure 38. Comparison showing the result of total von strain 

(Ԑvon) on the vertical path for all models 

 

Table 4 shows the results of all the tests for the six models 

that were designed in the ANSYS program to obtain better 

specifications for the wall of the structure of a helicopter. 

The results in Table 4 show the following : 

1. The weight of one square meter of the helicopter 

made of aluminum is (81 kg), as the lowest weight of 

the helicopter was when using carbon fiber materials, 

as the weight of one square meter was (54.51 kg) and 

thickness (28 mm), which is a decrease about 

aluminum by (22.7 %) and this is very better in terms 

of weight, followed by a wall consisting of an outer 

layer thick (5 mm) and an inner layer (5 mm) of 

aluminum and a middle layer of carbon fiber (18 mm 

thick), where the weight of the wall was per square 

meter (64 .98 mm), that is, less than a wall of 

aluminum by (19.2 %). It was higher and 

significantly higher than aluminum for a steel wall, 

where the weight was (156 kg) for one square meter 

of steel and (20 mm) thick, Where the percentage 

increase over the weight of aluminum by 93%. 

2. The results indicate that the values of maximum 

deformation shape, total mechanical strain (Ԑz) and 
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total mechanical strain intensity (Ԑint.) are in an 

acceptable match. 

3. The results in the above table indicate that the highest 

value of normal stress was in the sixth model (33 

MPa), and the lowest value was in the third model 

(7.28 MPa), while the results of shear stress show that 

the highest value was in the fourth model (7.78 MPa) 

and the lowest in the third model (1.82 MPa). Also 

the results of stress intensity indicate that the highest 

value of the stress intensity was in the second model 

(42.57 MPa), while it was the lowest value in the third 

model (7.57 MPa), and these results of stresses show 

that the resistance of the third model is the weakest, 

While the optimum stress strength in the second 

model is very close to the values of the different 

stresses in the sixth model. 

 

Table 4. The results of the six models tests using a ANSYS 15.0 program 

 

Model Materials 
Density, 

ρ, Kg/m3 

Deformation 

shape, 

Maximum 

Normal 

stress 

stress-x, 

MPa 

Shear 

stress 

stress-

xy, 

MPa 

Intensity 

stress, 

MPa 

Total 

mechanical 

strain -z 

Total 

mechanical 

strain 

intensity 

Number 

of layers 

Total 

thickness, 

t, (mm) 

Volume 

of wall, 

m3 

Weight, 

of one 

square 

meter, 

(Kg) 

Percentage of the 

weight of a square 

meter of material 

compared to the 

weight of a square 

meter of 

aluminum  % 

M1 
Aluminum Alloy 

6061 - T6 
2700 

1.05* 
10-4 16.1 2.85 19.7 

1.73* 
10-4 

3.8* 
10-4 1 30 0.03 81 --- 

M2 Steel 7800 
1.09* 

10-4 
33 6.8 42.1 

1.07* 

10-4 

4.21* 

10-4 
1 20 0.02 156 1.93 

M3 Fiberglass 

Glass 

70% 
2500 

1.04* 
10-4 

7.28 1.82 7.57 
3.23* 
10-4 

7.57* 
10-4 

45 45 0.045 94.95 1.17 
Epoxy 

30% 
1200 

M4 
Carbon 

fiber 

Carbon 

70% 
2267 

1.07* 

10-4 
21 7.76 23.5 

1.33* 

10-4 

3.68* 

10-4 
28 28 0.028 54.51 0.673 

Epoxy 

30% 
1200 

M5 

AA - 6061 

- T6 

& 

Carbon 

fiber 

AA - 

6061 
2700 

1.07* 
10-4 

15.9 2.91 18.4 
1.63* 
10-4 

3.54* 
10-4 

2 10 0.01 

64.98 0.802 
Carbon 

70% 
2500 

18 18 0.018 
Epoxy 

30% 
1200 

M6 

Steel 

& 

Carbon 

fiber 

Steel 7800 

1.04* 

10-4 
33.3 6.02 39.4 

1.03* 

10-4 

2.43* 

10-4 

2 10 0.01 

101.21 1.25 

Carbon 

70% 
2500 

11 11 0.011 
Epoxy 

30% 
1200 

 

 

4. CONCLUSIONS 

 

The values of deformations, stresses, strains and 

temperature distribution were extracted in a three-dimensional 

model consisting of aluminum alloy (AA-6061- T6), and then 

five other models were designed with values of deformation 

resistance and resistance to stresses and strains close to the 

first model, but with different thicknesses to obtain the best 

structure with the least weight, The following conclusions 

were obtained: 

 

1. The results show that the best weight obtained from a 

square of the structure of the helicopter was in the fourth 

model consisting of carbon fiber, where the weight was (54.41 

kg ) and the wall thickness was (28 mm), and then the fifth 

model, which consisted of aluminum alloy from the inside and 

outside with two layers, and between them carbon fiber with 

eighteen layers where the weight was (64.98 kg), but the worst 

model that had a large weight was the second model made of 

steel where the weight was (156 kg), despite the fact that its 

thickness was less compared to the other models, and the 

reason for this is its high density. 

2. The values of resistance to deformations as shown by 

the figures in all results and in all directions (UX, UY, UZ, 

ROTX, ROTY, ROTZ, ROTSUM) were almost equal, meaning 

that the percentages of difference were very small. 

3. There was a discrepancy in the values of all the 

different stresses (бx, бy, бz, τxy, τyz, τxz, бint., бvon) on the 

helicopter structure, in general, the maximum stresses were in 

the second model consisting of steel, and the lowest in the third 

model consisting of fiberglass, while the different stresses 

resistance values for the other models were between the values 

of the second and third models and the differences were 

between them in a rather small proportion. 

4. The percentage of variance in the different strain 

resistance values (Ԑx, Ԑy, Ԑz, Ԑxy, Ԑyz, Ԑxz, Ԑint., Ԑvon) in all 

models was very small, and it can be said that the results, as 

shown in the figures for strain resistance, indicate that the 

strains are equal in all models. 

5. The effect of high load temperature and its 

distribution on the surface of the helicopter's structure, as 

shown in the figures for the effect of temperature in the loading 

area on the helicopter's structure, was almost the same, as the 

difference ratios were very few in all models. 
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