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Lampiran 1. Wind Turbine System Requirements Simulator Wind Turbine 

1. Blade Requirements   

Type description  AL 40  

Blade length  40 m  

Material  Carbon/wood/glass/epoxy  

Standard colour  RAL 7035  

Gloss 

Class 2: (30-70%) to be measured acc. 

to DS/ISO2813 

Type of rotor air brake  Full blade 

Blade profiles  FFA - W3, NACA 63.4 

Twist  20° 

Largest chord  3.08 

 

2. Brakes Requeremets 

Mechanical 
 

Type description  Active Brake 

Brake disc  Steel, mounted on high speed shaft 

Number of calipers  2 piece 

Brake Hydraulics 
 

Voltage  3 x 480 V 

Working pressure range  140-150 bar 

Oil capacity  11 l 

 

3. Environment Requirements 

Temperature interval for operation -30 to +30°C 

Temperature interval for structure -40 to +50°C 
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4. Geartrain Requirements 

Type description  

1. step planet, 2. step 

helical 

Gear house material  Cast 

Ratio  1:84.3 

Mechanical power  1800 Kw 

Bending strength acc. to ISO 6336  SF > 1.6 

Surface durability acc. to ISO 6336  SH > 1.25 

Scuffing safety acc. to DNV 41. SS > 1.3 

Shaft seals  Labyrinth 

Oil sump  App. 250 l 

 

5. Generator Requirements 

Type description  

1 speed generator, 

water cooled 

Rated power  1650 kW 

Apparent power  1808 kVA 

Rated current IN  1740 A 

Max power at Class F Pfma 1815 kW 

Max current at Class F IFmax  1914 A 

No load current I0  430 A 

Reactive power consumption at rated power 

(tolerance. acc to IEC 60034-1) 740 kvar 

Reactive power consumption at no load 

(tolerance. acc to IEC 60034-1) 447 kvar 

Number of poles P  6 

Synchronous rotation speed n0  1200 rpm 

Rotation speed at rated power nN  1214 rpm 

Slip at rated power sN  0.0117 

Voltage UN  3 x 600 V 
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Type description  

1 speed generator, 

water cooled 

Frequency F  60 Hz 

Coupling  Δ 

Enclosure  IP54 

Insulation class/ Temperature increase  F/B  

 

6. Main Controller Requirements 

 

 

7. Nacella Requirements 

Material EN-GJS-400-18U-LT  EN-GJS-400-18U-LT 

Standard colour RAL 7035  RAL 7035 

Corrosion class, outside Acc. to DS EN ISO 

12944:C5 I  

Acc. to DS EN ISO 

12944:C5 I 

Rotor   

Number of blades 3 pieces  3 pieces 

Tip speed (synchronous) 61.8 m/s  61.8 m/s 

Rotor shaft tilt 5°  5° 

Eccentricity (tower center to hub center) 3447 mm 

Annual average wind speed 8.5 

m/s  8.5 m/s 

Wind shear 0.20  0.2 

Extreme wind speed   42.5 m/s (10 min. average) 

Survival wind speed 59.5 m/s (3 

sec. average)  59.5 m/s (3 sec. average) 

Automatic stop limit 20 m/s (10 

min. average)  20 m/s (10 min. average) 

Re-cut in 18 m/s (10 min. average)  18 m/s (10 min. average) 

Characteristic turbulence intensity 16% (including wind farm turbulence) 

Maximum in-flow angle 8° 
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Material EN-GJS-400-18U-LT  EN-GJS-400-18U-LT 

Solidity (Total blade area/rotor area) 0.05 

Rotor orientation  Upwind 

 

8. Pitch Actuation Requiremens 

Hydraulic pressure 2e7 Pa 

Accumulator Capacity 0.1 L 

Accumulator Preload Pressure 1.5e7 Pa 

Accumulator Maximum Pressure 2.5e7 Pa 

 

9. Pitch Controller Requirements 

Track angle within 1 degree 

Rise Time 3 seconds 

Settling Time 5 seconds 

 

10.  Tower Requirements 

Type Description Conical, tubular  Conical, tubular 

Material Welded steel plate  Welded steel plate 

Corrosion class, outside Acc. to DS EN ISO 

12944: C5 I  

Acc. to DS EN ISO 

12944: C5 I 

Colour RAL 7035  RAL 7035 

Access conditions  

Internal, safety harness, 

ladder cage 

 

11. Yaw Actuation Requirements 

Type description Planetary gear motor 

Gear ratio of yaw gear unit  app. 1:1687 

Voltage  3 x 480 V 

Rotational speed at full load  1140 rpm 
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Type description Planetary gear motor 

Number of yaw gears  4 pieces 

Yaw Brake Hydraulic disc brake 

Number of Yaw Friction Units  6 pieces 

Voltage  3 x 480 V 

Working pressure range  140-150 bar 

Oil capacity  App. 10 l. 
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Lampiran 2.  Start Up Simulasi 

 Simulasi model turbin angin dilakukan dengan menggunakan Software 

Matlab Simulink versi R2016B yang dikembangkan oleh MathWork.Inc. Untuk 

memulai simulasi model turbin angin pada Matlab Simulink, dibutuhkan beberapa 

tahapan sebagai berikut: 

1. Menjalankan program Matlab/Simulink, sehingga akan muncul tampilan seperti 

gambar  

 

2. kemudian memanggil file simulasi yang tersimpan pada komputer. 
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3. klik dua kali startup_Wind_turbine.m, sehingga akan muncul tampilan seperti 

pada gambar berikut .

 

 

4. klik EDITOR, kemudian klik perintah Run seperti pada gambar 4.4 berikut. 

 

 

5. Beberapa saat setelah perintah Run di klik, makan akan muncul tampilan 

Simulink Wind_turbine beserta komponen-komponen turbin angin (penjelasan 

setiap komponen dapat dilihat pada BAB 2) dan Wind Turbine Demo Script . 
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6. Kemudian mengubah nilai kecepatan dan arah angin dengan membuka library 

Turbine Input sesuai kebutuhan. 

 

 

7. Setelah mengubah nilai dan arah kecepatan angin sesuai kebutuhan, klik 

perintah Run yang ada diatas tampilan wind turbine model sehingga akan 

muncul model fisik dari turbin angin dalam bentuk animasi seperti pada gambar 

berikut. 
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8. Untuk mengamati input dan output dari sistem, maka klik setiap scope pada 

display Simulink sehingga akan muncul contoh tampilan seperti gambar berikut. 
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Lampiran 3. Rekapitulasi Perhitungan Efisiensi 

➢ Perhitungan Efisiensi Sistem 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 12 m/s 

ŋ =
1,239

5,592
 𝑥 100%   

   = 22,16% 

- 13 m/s 

ŋ =
1,253

7,109
 𝑥 100%       = 17,63% 

- 14 m/s 

ŋ =
1,267

8,879
 𝑥 100%      = 14,27% 

- 15 m/s 

ŋ =
1,270

10,921
 𝑥 100%      = 11,63% 

- 16 m/s 

ŋ =
1,287

13,254
 𝑥 100%     = 9,71% 

- 17 m/s 

ŋ =
1,263

15,898
 𝑥 100%   

   = 7,94% 

- 18 m/s 

ŋ =
1,261

18,872
 𝑥 100%  = 6,68% 

- 19 m/s 

ŋ =
1,235

22,195
 𝑥 100%  = 5,56% 

- 20 m/s 

ŋ =
0

25,887
 𝑥 100%  = 0% 

 

 

 

ŋ =
𝐷𝑎𝑦𝑎 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟

𝐷𝑎𝑦𝑎 𝑎𝑛𝑔𝑖𝑛
 𝑥 100%   

Untuk arah angin 0 derajat. 

- - 4 m/s 

ŋ =
0

0,207
 𝑥 100%        

= 0  % 

- - 5 m/s 

ŋ =
0,219

0,404
 𝑥 100%   

= 54,21 % 

- - 6 m/s 

ŋ =
0,508

0,699
 𝑥 100%   

    = 72,68 % 

- - 7 m/s 

ŋ =
1,058

1,11
 𝑥 100%   = 95,32 % 

- - 8 m/s 

ŋ =
1,156

1,657
 𝑥 100%   = 69,76 % 

- 9 m/s 

ŋ =
1,160

2,359
 𝑥 100%  = 49,17% 

- 10 m/s 

ŋ =
1,204

3,236
 𝑥 100%   = 37,21% 

- 11 m/s 

ŋ =
1,237

4,307
 𝑥 100%   = 28,72% 
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Lampiran 4. Rekapitulasi Data Hasil Simulasi 

 Kecepatan 

Angin 

(m/s) 

Daya Output (MW) 

0° 1° 2° 3° 4° 5° 6° 7° 8° 9° 10° 

4 0 0 0 0 0 0 0 0 0 0 0 

5 0,219 0,207 0,198 0,121 0,141 0,154 0,153 0,231 0,235 0,266 0,13 

6 0,508 0,484 0,451 0.492 0,603 0,414 0,578 0,598 0,548 0,606 0,539 

7 1,058 1,047 1,028 1,051 1,081 0,996 0,984 1,014 0,980 0,972 1,023 

8 1,156 1,091 1,072 1,096 1,088 1,084 1,081 1,091 1,081 1,095 1,126 

9 1,160 1,119 1,122 1,096 1,108 1,109 1,107 1,145 1,111 1,126 1,160 

10 1,204 1,181 1,177 1,173 1,174 1,179 1,173 1,182 1,192 1,168 1,164 

11 1,237 1,193 1,190 1,198 1,201 1,202 1,209 1,212 1,215 1,216 1,191 

12 1,239 1,202 1,203 1,202 1,206 1,209 1,219 1,229 1,228 1,212 1,190 

13 1,253 1,218 1,181 1,219 1,219 1,221 1,187 1,243 1,218 1,208 1,237 

14 1,267 1,222 1,232 1,235 1,235 1,239 1,246 1,242 1,219 1,235 1,206 

15 1,270 1,238 1,237 1,243 1,240 1,246 1,252 1,253 1,261 1,253 1,243 

16 1,287 1,254 1,254 1,258 1,263 1,269 1,270 1,243 1,272 1,247 1,243 

17 1,263 1,235 1,238 1,244 1,251 1,257 1,261 1,257 1,256 1,243 1,261 

18 1,261 1,228 1,228 1,231 1,232 1,251 1,252 1,250 1,216 1,229 1,252 

19 1,235 1,221 1,225 1,229 1,242 1,243 1,246 1,232 1,238 1,231 1,239 

20 0 0 0 0 0 0 0 0 0 0 0 

 

Kecepatan 

Angin 

(m/s)  

Daya Output (MW) 

11° 12° 13° 14° 15° 16° 17° 18° 19° 20° 

4 0 0 0 0 0 0 0 0 0 0 

5 0,132 0,139 0,128 0,125 0,117 0,104 0,082 0,093 0,264 0,180 

6 0,674 0,702 0,528 0,719 0,489 0,500 0,405 0,419 0,513 0,568 

7 1,029 0,996 1,019 1,054 1,020 1,034 1,040 1,052 1,044 1,030 

8 1,109 1,149 1,097 1,106 1,097 1,110 1,125 1,142 1,121 1,118 

9 1,148 1,168 1,169 1,134 1,126 1,130 1,151 1,125 1,136 1,117 

10 1,188 1,155 1,167 1,173 1,179 1,167 1,195 1,168 1,178 1,190 

11 1,193 1,183 1,209 1,192 1,196 1,188 1,201 1,183 1,219 1,201 

12 1,207 1,189 1,216 1,210 1,222 1,213 1,198 1,200 1,210 1,224 

13 1,218 1,205 1,210 1,229 1,226 1,201 1,233 1,227 1,236 1,222 

14 1,233 1,222 1,223 1,226 1,235 1,218 1,248 1,254 1,238 1,238 

15 1,237 1,230 1,238 1,242 1,234 1,228 1,239 1,233 1,248 1,238 

16 1,277 1,239 1,258 1,244 1,270 1,265 1,258 1,257 1,259 1,256 

17 1,240 1,256 1,252 1,250 1,254 1,248 1,255 1,251 1,241 1,235 

18 1,243 1,229 1,224 1,238 1,248 1,233 1,232 1,239 1,245 1,238 



 

 

 

 

112 

 

Kecepatan 

Angin 

(m/s)  

Daya Output (MW) 

11° 12° 13° 14° 15° 16° 17° 18° 19° 20° 

19 1,236 1,228 1,225 1,238 1,241 1,223 1,233 1,232 1,230 1,224 

20 0 0 0 0 0 0 0 0 0 0 

 

 Kecepatan 

Angin 

(m/s) 

Daya Output (MW) 

-5° -4° -3° -2° -1° 

4 0 0 0 0 0 

5 0,159 0,142 0,124 0,181 0,201 

6 0,418 0,457 0,463 0,415 0,460 

7 0,970 0,968 1,042 1,029 0,964 

8 1,079 1,082 1,094 1,093 1,131 

9 1,105 1,100 1,104 1,111 1,135 

10 1,179 1,173 1,172 1,177 1,170 

11 1,202 1,200 1,205 1,191 1,204 

12 1,214 1,208 1,204 1,202 1,200 

13 1,222 1,220 1,216 1,216 1,217 

14 1,238 1,231 1,232 1,233 1,237 

15 1,251 1,239 1,244 1,239 1,240 

16 1,268 1,256 1,253 1,247 1,249 

17 1,258 1,252 1,252 1,234 1,236 

18 1,248 1,239 1,241 1,230 1,230 

19 1,247 1,237 1,225 1,223 1,224 

20 0 0 0 0 0 
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Lampiran 5. Validasi Data Hasil Penelitian 

 

𝑃𝑚 = 𝑃𝑤𝑥𝐶𝑝 

 

Kecepatan 
Angin (m/s) 

𝑃𝑤  𝐶𝑝 
𝑃𝑚/Pout Hasil 

Perhitungan (MW) 

Pout hasil 
simulasi (MW) 

4 0.207 0 0.000 0 

5 0.404 0.356 0.144 0.219 

6 0.699 0.442 0.309 0.508 

7 1.11 0.461 0.512 1.058 

8 1.657 0.458 0.759 1.156 

9 2.359 0.431 1.017 1.160 

10 3.236 0.397 1.285 1.204 

11 4.307 0.349 1.503 1.237 

12 5.592 0.293 1.638 1.239 

13 7.109 0.232 1.649 1.253 

14 8.879 0.186 1.651 1.267 

15 10.921 0.151 1.649 1.270 

16 13.254 0.125 1.657 1.287 

17 15.898 0.104 1.653 1.263 

18 18.872 0.087 1.642 1.261 

19 22.195 0.074 1.642 1.235 

20 25.887 0 0.000 0 
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Lampiran 6. Data Kecepatan Angin Kab. Jeneponto 
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Lampiran 7. Model Fisik Sistem PLTB pada Simulink 
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Lampiran 8 Surat Permohonan Tarif Nol Rupiah 
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Lampiran 9 Surat Permohonan Data Penelitian 

 



 

 

 

 

118 

 

Lampiran 10 Surat Pernyataan Pengambilan Data 

 

 



 

 

 

 

119 

 

Lampiran 11 Spesifikasi Turbin Angin Vestas NM82/1650 
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Lampiran 12 Tampilan Start Up Wind Turbine 
 

WT_HomeDir = pwd; 

addpath(pwd); 

addpath([pwd '\Libraries']); 

addpath([pwd '\Libraries\Blades']); 

addpath([pwd '\Libraries\Brakes']); 

addpath([pwd '\Libraries\Environment']); 

addpath([pwd '\Libraries\Geartrain']); 

addpath([pwd '\Libraries\Generator']); 

addpath([pwd '\Libraries\Main_Controller']); 

addpath([pwd '\Libraries\Nacelle']); 

addpath([pwd '\Libraries\Pitch_Actuation']); 

addpath([pwd '\Libraries\Pitch_Controller']); 

addpath([pwd '\Libraries\Tower']); 

addpath([pwd '\Libraries\Yaw_Actuation']); 

addpath([pwd '\Libraries\Yaw_Controller']); 

addpath([pwd '\Scripts']); 

addpath([pwd '\Scripts\Slide_Prep']); 

addpath([pwd '\Reports']); 

addpath([pwd '\Images']); 

addpath([pwd '\Images\Nacelle']); 

addpath([pwd '\PCT']); 

  

if(exist('Libraries/Environment')==7) 

    cd Libraries/Environment 

    if((exist('+AerodynamicLoads')==7) && ~exist('AerodynamicLoads_Lib')) 

        ssc_build AerodynamicLoads 

    End 

    cd(WT_HomeDir) 

End 

  

Wind_Turbine_Parameters 

load Actuator_Lookup_data 

Wind_Turbine 
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Lampiran 12 Daftar Hadir Ujian Sarjana 
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Lampiran 13 Berita Acara Ujian Sarjana 

 

 

 



 

 

 

 

134 

 

Lampiran 14 SK Pembimbing Skripsi 
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Lampiran 15 Lembar Perbaikan Skripsi 

 


