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In this paper, we compare the cost of the structure due to change of weight of the structure according to change of annual
power generation and height, calculated by changing wind speed of a 10kW horizontal small wind turbine, Optimum height
of the wind turbine was considered. The cost of each model was calculated by changing height of the structure to 12 m,
24 m, 30 m, and 36 m. Wind speed was calculated by the Deacon formula, and annual power generation was calculated
based on annual average wind speed at power generation height of each model. Then, economic efficiency was evaluated
by comparing cost of the structure with total profit over the lifetime calculated by annual power generation, and a suitable
model was selected based on evaluation. Computer analysis was conducted to evaluate structural stability of the selected
model.

Manuscript received: February 27, 2018 / Revised: September 3, 2018 / Accepted: September 17, 2018

NOMENCLATURE Z; = Reference height
Z, = Changed height

Cy= Load factor o= Density of air

Aoy = Projected area of blade 04 = Maximum critical stress

V,.r = Reference wind speed
Fpiuq. = Thrust force by blade

Frower = Wind load acting on tower 1. N2

7 = Safety factor of material

= Safety factor of load 2o Ao BAeow Qg AT Lyslel 38 st

fi = Characteristic strength of material TP AZs olgm A AAFoT BanEo] A7k =

o lon ol g e AL 10
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Fig. 1 Model of 10 kW wind turbine tower

Table 1 Tower specification

Height 18 m
Tower shell thickness 8 mm
Total weight 3.23 ton
Rated RPM 162
Number of blade 3
Table 2 Material properties of SS400
Density 7,900 kg/m?
Tensile yield strength 377 MPa
Modulus of elasticity 210 GPa
Poisson’s ratio 0.29

Table 3 Partial safety factor for the material

Material characteristic

Extreme strength (%,)

Complete characteristic

1.1

Minimum characteristic

3.0
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Fig. 2 Wind turbine tower analysis model

Table 4 Partial safety factor for load

Case of load Extreme Load ()

Simplified expression 3.0

Simulation model 1.35

Real-scale load measurement 3.0
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Table 5 Specification of each model

Height (m) 12 18 24 30 36
Number of part 2 3 4 5 6
Weight (ton) 1.72 3.23 509 731 10.28

Max.Stress (MPa) 105 102 97 102 102

r
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Fig. 3 Result of static analysis (a) 12 m, (b) 24 m, (¢) 30 m, (d)
36 m model
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Fig. 4 Capital expenditures for the land-based reference wind plant
project

Table 6 Prices of each wind turbine model unit : thousand won

Material ~ Processing Tower Total
Model .
cost cost structure cost turbine cost
12 m Model 2,236 2,155 4,391 46,100
18 m Model 4,200 4,050 8,250 50,000
24 m Model 6,617 6,377 12,994 54,700
30 m Model 9,503 9,159 18,662 60,400
36 m Model 13,364 12,880 26,224 68,000
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Table 7 Results of deacon equation

Model Average annual wind speed (m/s)
12 m Model 4.36
18 m Model 5.00
24 m Model 5.50
30 m Model 5.92
36 m Model 6.30

Table 8 Annual generation of 10 kw wind turbine

Annual average wind speed (m/s)  Expected utilization rate (%)

4 7.14

14.66

23.24

36.35

5
6
7 30.84
8
9

39.55

10 40.78
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Table 9 Economy review of each model Unit : Thousand won

12 m Model 18 m Model 24 m Model 30 m Model 36 m Model

Turbine cost 46,100 50,000 54,700 60,400 68,000

Annual net profit 1,882 2,781 3,593 4,372 4,866

Lifetime total revenue 37,638 55,632 71,854 87,442 97,327

Payback (Year) 18 15.2 13.8 14

Net present value -8,461 5,632 17,145 27,042 29,327

Return on investment (%) 5.57 6.57 7.24 7.16
Thousand won 5.8 Dd2| oFgd AR

100000 97,327

87,442 A

80,000 71,854
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Fig. 5 Graphs of gain by investment
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Fig. 7 Mode analysis results of 30 m tower model
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