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Abstract—Recognition of the value of wind energy as a low 

cost, clean source for electricity is creating new business 

opportunities for manufacturing and materials innovation. 

Worldwide growth in wind generation since 1994 has been 

30% or higher annually. The cost of energy from large wind 

power plants has declined to less than $0.05/kWh at good 

wind sites. In these wind turbine nacelles play major role 

which is located at the top portion and it is the heart part of 

wind turbine. Major components such as rotors and 

generators is inside the Nacelle covers which turn the wind 

energy into rotational power and generate electrical energy. 

The nacelle cover acts as a protective case and a technical 

compartment containing these important parts. Nacelle 

covers that protecting these critical parts of wind turbines 

should be as light as possible, ensuring stability for strength 

and buckling despite strong winds, sufficiently supported 

from wind loads, snow loads and self-weights. Nacelle covers 

of wind turbines are often manufacture from steel sheets 

such as galvanized steel sheets to withstand wind and snow 

loads. However, while the steel plate's nacelle cover is stable 

for the applied load, the weight is heavy and requires a lot of 

economic consumption, such as cost of installation, 

transportation cost, and increased tower thickness. Recently, 

many wind turbines have a tendency to use a composite 

material of a nacelle cover, and the composite nacelle cover 

has a similar strength as steel plate and is lighter than steel 

plate, making it economical to consider the production cost 

of wind turbines. This paper we are study about nacelle 

cover design process, FEM simulation to determine shape of 

wind turbine and finally manufacturing it for future use. 

This study finds out that when wind passes through the 

nacelle cover because of modified shape there are 

differences to influence of wind.  

 

Index Terms—wind turbine, nacelle cover, computational 

fluid dynamics (CFD) 

 

I. INTRODUCTION 

Nowadays, due to using of oil fuel caused 

environmental pollution. Nuclear energy has a good 

electric power productivity but nuclear energy has a risk 

that let out radioactivity and deal with nuclear waste. And 

according to United Nations Framework Convention on 

Climate Change (UNFCCC), countries study how to 

reduce green-house gases [1], [2]. So world increase 

interest and study about eco-friendly energy. Wind 

energy is one of the eco-friendly energy with relatively 

good economics. 

                                                           
Manuscript received October 4, 2018; revised September 9, 2019. 

Wind turbine is a machine for converting the kinetic 

energy in wind into mechanical energy, then later on this 

mechanical energy is converted to electricity. Wind 

turbines are mounted on the top of tower to capture the 

most of the wind energy. The working of the wind turbine 

is the blades of turbine act like wings of an airplane – 

capturing the energy in the wind. The blades cut through 

the air with an angle of attack to the wind causing a 

pressure differential. The resulting pressure differentials 

cause a force called lift which propels the blade forward. 
This lift is created because of the airfoil shape of the 

turbines blades. In order to propel the turbine, the net 

torque caused by lift forces must be greater than the net 

torque caused by drag forces. The blades turn a generator 

that converts blade rotation into electricity the tail help 

keeps the blades facing the wind. The schematics of wind 

turbine and there working are shown in Fig. 1. 

 

Figure 1. Schematics of wind turbine. 

Wind turbine is composed of rotor, nacelle and tower. 

Nacelle is important part that produce electric power so 

nacelle must be kept in safe in bad weather conditions 

[3]-[5]. 

For this reason, in order to design shape of nacelle 

cover which is less influenced by wind, we are using 

CFD analysis for the designing and simulation of nacelle 

cover. The modification consist of changing the external 

shape of nacelle cover and streamlined shape of nacelle 

cover. 

Previous nacelle cover are usually rectangular in shape 

and are made of galvanized steel plates [6]. The weight of 

wind generator components is classified as heavy, which 

leaves room for improvement in lightness. The material 
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considered to be a replacement is a composite material, 

which can be used to reduce costs by replacing it with a 

relatively cheaper composite than the traditional 

galvanized steel plate [7], [8]. And using composite 

materials to lighten the weight, reducing shipping and 

installation costs to the installation site of wind turbines 

after production. In addition, additional effects of 

lightening may be possible to change the structure and 

material of the tower, which may be expected to lead to 

additional cost savings. 

II. 3D DESIGN OF NACELLE COVER WITH HARDWIRED 

GEOMETRY 

The old nacelle cover design will be used, so the 

overall dimensions will not vary. 3D modeling of the 

bead-shaped nacelle cover was performed with reference 

to the existing 2D drawing and 3D modeling of the 

nacelle cover (Fig. 2). 

The shell was modeled to speed up the analysis of the 

nacelle cover, and the assembly of each part was 

assembled after matching each part with the edges. The 

front or back of the nacelle cover is covered by a hub also 

front and back sides should have less resistance than the 

left and right sides, so the bead was not added. 

 

 

Figure 2. Prefabricated nacelle cover. 

A. Finite Element Modeling of Linear Nacelle Cover 

No additional 3D modeling was performed in the 

structural analysis of the wired nacelle cover. The bottom 

edge of the wired nacelle cover was fixed. 

 

 

Figure 3. Mesh in a wired nacelle cover. 

As shown in Fig. 3, a wired nacelle cover is fitted with 

a bead on the wire type and the nacelle cover plate. Mesh 

has 203,858 and 406,056. 

B. Analysis of Wired Nacelle Cover 

Wind load and magnification, such as the existing 

nacelle cover, are applied to the wired nacelle cover. 

Wind load depends on the projection area and the 

constant Cw along the direction of the wind and the speed 

of the wind on the nacelle cover. The value for Cw is the 

constant value due to the wind blowing in the direction of 

the wind, in the front or in the side. Having a fixed price 

regardless of shape the wind load equation is the same as 

the expression mentioned in (1) 

ω=0.5･ρ･v2･Acw  (1) 

where ρ is the density of air (1.225 kg/m3) and v is the 

speed of wind (m/s). A is the reference plane (m2) for ω 

and Cw. Cw is the load factor shown below in Fig. 4. 

 

 

Figure 4. Load factors to the direction of the wind. 

The material properties to be used for wire-type 

nacelle covers are shown in Table I and it is the same as 

the FRP property properties used for structural analysis. 

TABLE. I MATERIAL PHYSICAL PROPERTIES TO BE USED FOR WIRED 

NACELLE COVERS 

 

Density 

(g/cm³) 

Poisson’s 

Ratio 

Elasticity 

factor 

(GPa) 

Tensile 

strength 

(MPa) 

FRP 1.5 0.38 165 705 

 

III. SIMULATION OF WIRED NACELLE COVER 

The conditions used in existing nacelle covers have 

been simulated and the corresponding stresses, strains, 

and strains are shown in Fig. 5 to 7, Table II. The result 

values show that each result value decreases as wind 

speed \ moves over 5 to 10 m/s. Stress and strain values 

are shown to be concentrated in the lower part of the side. 

TABLE. II WIRED NACELLE COVER ANALYSIS RESULTS 

 
5 10 15 20 25 

Stress(MPa) 8.57 3.31 7.77 13.4 20.7 

Deformation(mm) 1.61 0.68 1.28 2.17 4.41 

Elastic strain 
5.71

E⁻ ⁵  

2.20E⁻

⁵  

5.14E⁻

⁵  

8.74E⁻

⁵  

1.43E

⁻ ⁴  
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Figure 5. Stress according to wind speed. 

 

Figure 6. Transformation according to wind speed. 

Based on the result of the deformation, the reason why 

the maximum value is higher than the side is because the 

upper part receives more magnetic force than the wind 

load. 

 

Figure 7. Strain according to wind speed. 

IV. FABRICATION OF NACELLE COVER OF WIND 

TURBINE PROTOTYPE 

 Nacelle covers are 2.05 meters in width, 4.26 meters 

in length and 1.8 meters in height. The size of the nacelle 

cover requires a lot of material, and the production 

process must take into account a lot of significance. 

Therefore, prior to the manufacture of large nacelle 

covers, composite materials need to be produced in 

advance and consideration of possible problems prior to 

the manufacture of the nacelle covers. 

In this experiment, we intend to avoid the failure of the 

fabrication of the nacelle cover by producing composite 

materials in advance to the manufacture of larger nacelle 

covers. Successful test pieces in this experiment will be 

used for tensile tests, and in the future to be used for the 

manufacture of nacelle covers. 

This experiment will cover the process for making a 

test piece of Nacelle. Below figures shows the process of 

making a prototype of a nacelle cover, and capture an 

important steps in the manufacturing process.  

Epoxy resin, a resin matrices used as a base material 

for the nacelle cover, epoxy is used as a base material 

because of its excellent adhesion, small retraction rate, 

good chemical resistance and permeability. During the 

manufacture of the nacelle cover, the material was made 

on a glass plate, as shown in Fig. 8, to check the flow of 

the parent metal. 

Fig. 8 shows the size of the composite material 

specimen to be made with tape on the glass plate. The 

glass plate was wiped clean with a towel to remove 

foreign matter and dust particles. 

In Fig. 9, the mat is cut to the appropriate size and laid 

on the bottom of the area where the composite material is 

to be made. The shape of the saw is shown in Fig. 10, 

which helps the base material flow and allows the 

thickness to be reduced without adding weight to the 

other plate. It is not only excellent in mechanical 

properties as a laminated board, but also flexible to 

prevent tangling with other parts. The shape of the 

honeycomb structure increases the hardness, and the base 

material moves between the honeycomb shapes. 

In Fig. 11, glass fiber was cut using the size of the 

sonic mat. Glass fiber is cheap, and it has excellent 

performance of tensile strength, elasticity factor, 

chemical durability, thermal expansion rate, etc. It is a 

material that is used frequently in multi-material 

production. In case of a glass fiber foundation, the glass 

fiber was cut to prevent the texture of the glass fiber from 

disintegrating with help of scissors, and cut into a 

rectangle, as shown in figure. 

 

 

Figure 8, 9, 10, 11. Nacelle test process. 

In Fig. 12, the glass fiber was cut and the size of the 

ceramic was referenced to the shape of the glass, thus 

laying the layer in the order of the sonic-glass fiber. 

Fig. 13 shows a spiral tube that is made exactly the 

same up and down. The entrance of the upper rotary tube 

is the inlet side from which the base material flows, and 

the bottom part is the outlet to connect the vacuum pump 

and reserve tank. Center the spiral tubes above and below 

and make sure that the sharp points of the spiral tube are 

well wrapped from the paper tape. 
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Figure 12. Sonic mat used in composite materials. 

A core mat is attached in front of the exit by referring 

to the position of the spiral on the exit as shown in Fig. 

14. The reason for using core mats prevents channeling 

on the sonic and mesh mats when vacuuming during the 

infusion process. There is a core mat at the exit, so 

uniform pressure is applied to the left and right of the 

area of work. It also helps prevent excess polymeric 

materials from escaping from the vacuum. 

 

 

Figure 13, 14, 15. Nacelle test process. 

In Fig. 15, a vacuum vinyl is attached to a sealing tape. 

During the process of attaching vacuum vinyl with 

sealing tape, it was covered with brown paper to prevent 

plastic sticking to areas that are not working. The part 

that is expected to leak pressure due to poor sealing while 

applying vacuum vinyl is located on the side of the spiral 

tube. The type tube inserted in the middle of the spiral 

tube creates a lot of cracks with the floor, and this section 

is observed intensively to prevent pressure leakage. The 

process was then applied to the spiral tube directly into 

the entrance without any work on the side. 

Fig. 16 shows the process of preparing a container 

containing the parent metal for the flow of the parent 

metal by dipping the tube connected to the entrance's 

spiral tube. The base material, as mentioned above, is 

epoxy resin, and the tube side extension loosened the 

sealing. Fig. 17 shows the parent metal flowing into the 

mat. The vacuum pump is constantly running, and the 

tubes in the base metal are sufficiently immersed to keep 

the air out. When checking the initial inflow status, it was 

possible to verify that the base material was uniformly 

and consistently flowing without channeling between the 

mats. The parent metal moving almost to the end of the 

mat. As the base material flows between the mats, it is 

confirmed that the material flows at a constant speed 

from side to side, and that the base material enters 

simultaneously in front of the core mat in front of the 

spiral tube on the exit. Fig. 19 shows the final infusion 

process, and the vacuum pump was operated until the 

base material ran to the end of the core mat. Until the 

above process, composite materials were produced using 

a vacuum-in-fusion method, and the final composite 

materials were made after a drying period of about two 

weeks. These composite materials will later be used as 

test specimens for tensile testing and illumination testing, 

and if the tensile strength and illuminance values do not 

meet the objectives of this task, the above composite 

materials production process shall be modified and re-

manufactured. 

 

 

Figure 16, 17, 18, 19.  Nacelle test process. 

V. FABRICATION OF NACELLE WITH WIRED 

COMPOSITE MATERIALS 

Vacuum molding method is a process that layers the 

dry fabric on the mold and puts a vacuum bag to absorb 

resin due to pressure difference between atmospheric 

pressure and vacuum pressure, completely impregnating 

the dry fabric. Vacuum forming methods are 1.5 times 

superior to other additive methods in strength, resistance, 

and bending. Vacuum-forming methods also have a 

higher strength than other additive methods, but also 

prevent the possibility of creating weak areas by 

removing air that can form between composite materials 

during the additive process. For this reason, Nacelle 

covers were made from vacuum molding techniques in 

this study. 

Fig. 20 shows body of molds that serve as molds for 

the manufacture of nacelle covers and are made of 

materials similar to Styrofoam. The above features were 

manufactured using 3D modeling of the developed wired 

composite nacelle cover mentioned above. Referring to 

the figure above, the total number of molds is three, 

consisting of one upper cover mold and two side nacelle 
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molds. Since the upper cover is a symmetrical shape, only 

one was made, and two molds were made because the 

side features are not completely symmetrical. The front 

and the back are of a constant plate, so there is no need 

for a particular mold. A total of six parts of the nacelle 

cover parts are manufactured using the above three molds. 

Deformed agents like gel coatings are used to the nacelle 

cover mold, which ensures that composite materials and 

base materials are not bonded and easily detachable when 

vacuumed as shown in Fig. 21. Layers of filly is also used 

which is useful to separate the fillets because they do not 

adhere to the parent epoxy material because they are soft 

and have a slippery surface. The filly shall be as close to 

the mold as possible to form a layer, and shall be placed 

slightly overlapping with each other so that there is 

slightly overlapped with each other. 

 

 

Figure 20. Nacelle cover mold. 

 

Figure 21. Filly layering on the mold of nacelle parts. 

A. Nacelle Cover Assembly 

As for the simple assembly method of nacelle cover, 

both side covers and front and rear covers are assembled 

by wrapping them. After the assembly, lift the nacelle 

cover to check the bolting position on the lower side of 

the nacelle. Then, remove the nacelle again, install the 

parts that need to be installed inside the bolts and the 

nacelle covers, and reinstall. Therefore, the assembly of 

the nacelle cover requires more than two operations, and 

several assembly processes are required if the dimensions 

are not met or if a re-modification or supplementation is 

required. In below Figures, the right cover and the back 

cover are fastened using a bolt, and the bolts are finished 

at five regular intervals in the same way as the existing 

nacelle. The right cover and the front cover are fastened, 

and the bolts are fastened in five positions as shown. 

 

 

Figure 22. Illustration wired multi-material nacelle cover prototype 
process 

A fixing bracket is installed on the frame of the nacelle 

cover, referring to the location of the bolting part of the 

lower face of the nacelle. As with the existing nacelle, the 

two sides were tightened to five on each side, three on the 

front, and four on the back. The supports supporting the 

nacelle cover were removed and the load was generated 

after the engagement. Even when the upper part was 

assembled, shock and load were applied by the force to 

check if the nacelle cover was tolerable. Fig. 23 shows 

the final finished, wired composite nacelle cover. 

 

 

Figure 23. Finished wired composite nacelle cover. 

VI. TENSILE TEST OF SPECIMEN 

 The tensile test was performed using a composite 

material of the nacelle cover to obtain the strength of the 

nacelle cover. The test piece is shown in Fig. 24 and is a 

test piece produced based on the above composite test. 

The above specimens are layered with ceramic, glass 

fiber (DB400, LT600) and resin. The testing device was 

used by INSTRON Corporation's Universal Testing 

Machine. Micrometer, Vernier Caliper, and Strain 

Gauges were used for the measurement. And details of 

strain gauges are shown in Table III. 
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Figure 24. Nacelle cover tensile test specimen. 

TABLE. III STRAIN GAUGE INFORMATION 

Manufacturer TML 

Gauge length 10mm 

Gauge factor 2.11 ± 0.02 

Gauge resistance 119.8 ± 0.5 Ω 

 

The equation used for tensile testing is as shown in the 

following formula (2). 

                            σt  =  F/A    (2) 

where σt is the tensile strength [MPa], F is the maximum 

force [N], and A is the initial cross sectional area of the 

test specimen [mm]. The tensile strength is calculated 

using Equation (3) below. 

Et = (σ2 - σ1 )/(ε2 - ε1)  (3) 

where Et is tensile stiffness [MPa]. ∆1 is the strain at the 

tensile stress [MPa] measured at 0.001 (0.1 %), and ∆2 is 

the strain measured at the tensile stress [MPa] measured 

at 0.003 (0.3 %).The above theories and experiments 

have resulted in the results shown in Table IV below. 

TABLE. IV NACELLE COVER TENSILE TEST RESULTS 

S
p

ec
im

en
 

N
u

m
b
er

 

w
id

th
[m

m
] 

th
ic

k
n
es

s[
m

m
] 

M
ax

im
u

m
 

lo
ad

 

[N
] 

T
en

si
le

 S
tr

en
g
th

 

[M
P

a]
 

T
en

si
le

 s
ti

ff
n

es
s 

[G
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a]
 

NC-
TSLT-1 

25.00 4.739 
17,373 

146.6 13.93 

NC-
TSLT-2 

24.90 4.674 
19,401 

166.7 14.99 

NC-

TSLT-3 
24.88 4.551 

15,914 
140.5 14.89 

NC-
TSLT-4 

24.85 4.714 
17,730 

151.4 14.68 

NC-

TSLT-5 
24.91 4.672 

19,471 
167.3 14.56 

Average 17,978 154.5 14.61 

Standard Deviation 1,495 12.0 0.42 

Dispersion factor [%] 8.3 7.3 2.8 

 

Figure 25. Nacelle cover tension test stress-strain lead. 

Fig. 25 shows a tensile test stress-strain diagram of the 

nacelle cover and five specimens were found to be in a 

form almost similar to a slope. The specimen size was cut 

in accordance with the test specifications, and a strain 

gauge was attached to the center of the specimen. In case 

of breakage, the outer surface will be damaged first, and 

the inside material will be damaged. 

VII. CONCLUSIONS 

The existing nacelle steel plate material has been 

changed to composite materials to change the shape and 

lighten the nacelle cover for wind generator. In 

developing process there are two main considerations of 

technical development. First, using existing nacelle cover 

specifications as simulation analysis technology, 2D 

drawings and 3D modeling were derived through a 

paradoxical system, referring to the development of new 

nacelle cover features, and verified with simulation 

analysis technology for shape determination in the nacelle 

cover. In addition, when developing new features, 

verification using simulation analysis techniques will 

enable the production of many types of nacelle covers. 

The second is the fabrication of a nacelle cover using 

composite materials and the shape of the wired composite 

nacelle cover used in the simulation analysis. It is much 

more difficult to make a large structure, such as a large 

boat, using composite materials, but mostly a single 

product, with six parts, such as a nacelle cover, with 

accurate dimensional accuracy. Through this task, we 

were able to learn how to produce products for these 

assembly types, large structures. Such know-how and 

technology will enable the production of composite 

materials using special materials such as carbon fiber and 

ceramic fibers, and it is expected that Nacelle covers with 

optimization will be produced in the future. 
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