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1. PREMESSA 

Il progetto in oggetto consiste nella realizzazione di un Parco Eolico per la produzione di 
energia elettrica da fonte rinnovabile (vento) da ubicarsi alla Località ‘Fiego’ dei Comuni di San 
Giovanni in Galdo (CB) e Campolieto (CB) con opere di connessione nei comuni di San 
Giovanni in Galdo (CB), Campolieto (CB) e Morrone del Sannio (CB) proposto dalla 
società Rinnovabili Sud Tre S.r.l. 

L’impianto eolico in oggetto prevede l’installazione di n. 5 aerogeneratori (modello NORDEX 
N163 da 6,6 MW, diametro rotore 163 m e altezza torre 118 m) aventi una potenza massima 
unitaria pari a 6,6 MW. La potenza installata massima dell’impianto risulta pertanto pari a 33,00 
MW.  

La presente relazione si riferisce al calcolo della gittata massima di una pala di un 
aerogeneratore del modello NORDEX, diametro rotore 163 m, altezza torre 118 m e potenza 
6,6 MW, in caso di rottura; tale calcolo è stato eseguito al fine di prevedere possibili problemi 
che una simile eventualità, per quanto improbabile, possa procurare danno a cose e/o 
persone. Nel calcolo si ipotizza il distacco della pala nel punto di serraggio sul mozzo, punto 
di maggiore sollecitazione, per effetto di intaglio dovuto al collegamento. 

Lo studio riporta inoltre il calcolo della gittata nell’ipotesi di una rottura dell’intera pala. 

2. IPOTESI DI CALCOLO 

Le condizioni al contorno considerate per il calcolo sono le più gravose e consentono di 
giungere a risultati cautelativi; si vuole precisare, inoltre, che le probabilità di accadimento di 
rotture per aerogeneratori industriali di grande taglia sono molto basse. 

Per il calcolo si effettuano le seguenti ipotesi: 

 il moto del sistema considerato è quello di un sistema rigido non vincolato (modello che 
approssima la pala nel momento del distacco); 

 tutte le forze di resistenza generate dal mezzo (aria) in cui avviene il moto in grado di 
ridurre la gittata effettiva non vengono considerate; 

 il calcolo della gittata è stato determinato per diversi valori dell'angolo α; 
 la velocità massima del rotore sarà limitata elettronicamente. 

 

3. CALCOLO DELLA GITTATA NEL CASO DI DISTACCO 
NEL PUNTO DI ATTACCO DEL MOZZO 

3.1 Dati geometrici e cinematici dell’aerogeneratore 

Il presente studio è stato condotto prendendo in esame i dati geometrici e cinematici 
dell’aerogeneratore e della pala (Figura 1) previsti nel progetto del parco eolico cui fa 
riferimento il presente lavoro. In particolare, è stato considerato l’aerogeneratore di progetto 
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avente le seguenti caratteristiche dimensionali (Come consultabili all’interno della scheda 
tecnica dell’aerogeneratore modello NORDEX N163 da 6,6 MW allegata alla presente 
relazione): 

• Altezza della torre H = 118 m 

• Diametro del rotore D = 163 m 

• Lunghezza della pala L= 79,7 m 

• Altezza massima dell’aerogeneratore H+L = 197,7 m 

• Velocità di rotazione n= 11,6 giri/min. 

ed avente una potenza nominale unitaria di 6600 kW. 

3.2 Schema concettuale 

Lo schema adottato per il calcolo della gittata per un angolo compreso tra 0° e 90° è il 
seguente: 

α: Angolo della pala rispetto all’orizzontale  

D: Diametro del rotore 

L: Lunghezza della pala 

rg: Posizione del baricentro  

Xg: Posizione del baricentro della pala rispetto all'asse della torre  

Yg: Proiezione di rg sulla verticale 

 𝐿: Frazione della pala che supera la gittata teorica 
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Figura 1 – Schema adottato per il calcolo della gittata per angolo compreso tra 0° e 90° 

3.3 Calcolo del baricentro 

Date le caratteristiche geometriche della pala, e considerata la distribuzione dei pesi lungo il 
profilo della stessa, si può ritenere con buona approssimazione che il baricentro sia 
posizionato ad un terzo rispetto alla lunghezza della pala (L) più il raggio del rotore (D). 

𝑟 =
𝐷

2
− 𝐿 +

𝐿

3
= 28,37 𝑚 

3.4 Calcolo della velocità periferica 

La velocità angolare media ω è l’angolo descritto dal corpo in movimento nell'unità di tempo. 
Indicando con n il numero di giri al minuto primo compiuti dal corpo in movimento circolare e 
tenuto conto che ad ogni giro l’angolo descritto dal corpo in movimento è pari a 2π radianti, 
per n giri avremo 2πn radianti/minuto, ovvero la velocità angolare ω del corpo in movimento. 
Il dato di partenza è n = 11,6 giri/min che corrisponde ad una velocità angolare: 

𝜔 =
2 ∙ 𝜋 ∙ 𝑛

60
= 1,21 𝑟𝑎𝑑/𝑠 
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Nel moto circolare uniforme, la velocità periferica è direttamente proporzionale al raggio. Ad 
ogni giro il punto G di raggio R percorre la circonferenza 2 ∙ 𝜋 ∙ 𝑅; dopo n giri al minuto lo 
spazio percorso sarà 2 ∙ 𝜋 ∙ 𝑅 ∙ n metri/minuto. Questo sarà lo spazio percorso da tutti i punti 
situati sulla periferia del corpo in movimento circolare. 

Dunque, la velocità periferica in metri al secondo di un corpo rotante (considerando la velocità 
massima del rotore pari a 11,6 giri al minuto), corrisponde a: 

𝑣 = 𝜔 ∙ 𝑟 =
2𝜋𝑛

60
∙ 𝑟 = 34,46 𝑚/𝑠 

3.5 Calcolo Hg 

Date le caratteristiche geometriche della pala, e considerata la distribuzione dei pesi lungo il 
profilo della stessa, si ritiene con buona approssimazione che il baricentro sia posizionato ad 
un terzo rispetto alla lunghezza della pala più il raggio del rotore, ossia rg = 28,37 m, essendo 
la lunghezza di ciascuna pala uguale a 79,7 m e il diametro del rotore uguale 163 m. 

Di conseguenza l’altezza di lancio (Hg) sarà uguale all’altezza del mozzo più il valore della 
proiezione di rg (posizione del baricentro) sulla verticale ossia: 

𝐻 = 𝐻 + 𝑌  

Con  

𝑌 = (𝑟 ∙ 𝑠𝑒𝑛 𝛼) 

Dove 𝐻  è l’altezza del mozzo. 

Il calcolo della proiezione del baricentro sull’asse verticale viene valutato per i diversi valori 
dell'angolo α. 

3.6 Calcolo della gittata massima ed effettiva 

Per il calcolo della gittata massima ed effettiva vengono riportate ed utilizzate le seguenti 
formule: 

G: Gittata massima 

 

 

 

 

Dove g rappresenta l’effetto della forza gravitazionale della Terra pari a 9,81 m/s2, mentre vx0 
e vy0 rappresentano la velocità nelle due direzioni x e y in funzione dell’angolo α, che vengono 
calcolate come: 

G = 
𝒗𝒙𝟎 𝒗𝒚𝟎 𝒗𝒚𝟎

𝟐 𝟐∙𝒈∙𝑯𝒈 

𝒈
 - Xg 
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𝑣 = 𝑣 ∙ cos(90 − 𝛼) =  𝑣 ∙ sin 𝛼 

𝑣 = 𝑣 ∙ sin(90 − 𝛼) =  𝑣 ∙ cos 𝛼 

Xg, come già menzionato, rappresenta la posizione del baricentro della pala rispetto all'asse 
della torre e che viene calcolata come: 

𝑋 = 𝑟 ∙ cos 𝛼 

Geff: Gittata effettiva  

𝑮𝒆𝒇𝒇 = 𝑮 + 𝑳𝒈 

Lg rappresenta la frazione della pala che, nella casistica peggiore, supera la gittata massima 
qualora venga raggiunto dal baricentro (rg) e che viene calcolato come: 

𝐿 = 𝐿  

Il calcolo della gittata è stato eseguito considerando diversi valori dell'angolo α. La Tabella 1 
mostra i valori ottenuti della gittata: 
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Angolo 
α 

n L Htorre v0 vx0 vy0 Hg D rg g 
Gittata 
teorica 

Xg Lg 
Gittata 

Effettiva  

0 11,60 79,70 118,00 34,46 0,00 34,46 118,00 163 28,37 9,81 -28,37 28,37 53,13 24,77  

1 11,60 79,70 118,00 34,46 0,60 34,45 118,50 163 28,37 9,81 -22,62 28,36 53,13 30,52  

2 11,60 79,70 118,00 34,46 1,20 34,44 118,99 163 28,37 9,81 -16,85 28,35 53,13 36,28  

3 11,60 79,70 118,00 34,46 1,80 34,41 119,48 163 28,37 9,81 -11,08 28,33 53,13 42,05  

4 11,60 79,70 118,00 34,46 2,40 34,37 119,98 163 28,37 9,81 -5,31 28,30 53,13 47,83  

5 11,60 79,70 118,00 34,46 3,00 34,33 120,47 163 28,37 9,81 0,47 28,26 53,13 53,60  

6 11,60 79,70 118,00 34,46 3,60 34,27 120,97 163 28,37 9,81 6,24 28,21 53,13 59,37  

7 11,60 79,70 118,00 34,46 4,20 34,20 121,46 163 28,37 9,81 12,00 28,16 53,13 65,13  

8 11,60 79,70 118,00 34,46 4,80 34,12 121,95 163 28,37 9,81 17,75 28,09 53,13 70,88  

9 11,60 79,70 118,00 34,46 5,39 34,03 122,44 163 28,37 9,81 23,47 28,02 53,13 76,61  

10 11,60 79,70 118,00 34,46 5,98 33,93 122,93 163 28,37 9,81 29,17 27,94 53,13 82,31  

11 11,60 79,70 118,00 34,46 6,57 33,83 123,41 163 28,37 9,81 34,85 27,85 53,13 87,98  

12 11,60 79,70 118,00 34,46 7,16 33,71 123,90 163 28,37 9,81 40,49 27,75 53,13 93,62  

13 11,60 79,70 118,00 34,46 7,75 33,58 124,38 163 28,37 9,81 46,09 27,64 53,13 99,22  

14 11,60 79,70 118,00 34,46 8,34 33,43 124,86 163 28,37 9,81 51,64 27,52 53,13 104,78  

15 11,60 79,70 118,00 34,46 8,92 33,28 125,34 163 28,37 9,81 57,16 27,40 53,13 110,29  

16 11,60 79,70 118,00 34,46 9,50 33,12 125,82 163 28,37 9,81 62,62 27,27 53,13 115,75  

17 11,60 79,70 118,00 34,46 10,07 32,95 126,29 163 28,37 9,81 68,02 27,13 53,13 121,16  

Angolo 
α 

n L Htorre v0 vx0 vy0 Hg D rg g 
Gittata 
teorica 

Xg Lg 
Gittata 

Effettiva 
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18 11,60 79,70 118,00 34,46 10,65 32,77 126,77 163 28,37 9,81 73,37 26,98 53,13 126,50  

19 11,60 79,70 118,00 34,46 11,22 32,58 127,24 163 28,37 9,81 78,65 26,82 53,13 131,78  

20 11,60 79,70 118,00 34,46 11,79 32,38 127,70 163 28,37 9,81 83,87 26,66 53,13 137,00  

21 11,60 79,70 118,00 34,46 12,35 32,17 128,17 163 28,37 9,81 89,01 26,48 53,13 142,14  

22 11,60 79,70 118,00 34,46 12,91 31,95 128,63 163 28,37 9,81 94,08 26,30 53,13 147,21  

23 11,60 79,70 118,00 34,46 13,46 31,72 129,08 163 28,37 9,81 99,07 26,11 53,13 152,20  

24 11,60 79,70 118,00 34,46 14,02 31,48 129,54 163 28,37 9,81 103,97 25,91 53,13 157,11  

25 11,60 79,70 118,00 34,46 14,56 31,23 129,99 163 28,37 9,81 108,80 25,71 53,13 161,93  

26 11,60 79,70 118,00 34,46 15,11 30,97 130,44 163 28,37 9,81 113,53 25,50 53,13 166,66  

27 11,60 79,70 118,00 34,46 15,64 30,70 130,88 163 28,37 9,81 118,17 25,27 53,13 171,30  

28 11,60 79,70 118,00 34,46 16,18 30,42 131,32 163 28,37 9,81 122,72 25,05 53,13 175,85  

29 11,60 79,70 118,00 34,46 16,71 30,14 131,75 163 28,37 9,81 127,16 24,81 53,13 180,30  

30 11,60 79,70 118,00 34,46 17,23 29,84 132,18 163 28,37 9,81 131,51 24,57 53,13 184,64  

31 11,60 79,70 118,00 34,46 17,75 29,54 132,61 163 28,37 9,81 135,75 24,31 53,13 188,89  

32 11,60 79,70 118,00 34,46 18,26 29,22 133,03 163 28,37 9,81 139,89 24,06 53,13 193,02  

33 11,60 79,70 118,00 34,46 18,77 28,90 133,45 163 28,37 9,81 143,92 23,79 53,13 197,05  

34 11,60 79,70 118,00 34,46 19,27 28,57 133,86 163 28,37 9,81 147,84 23,52 53,13 200,97  

35 11,60 79,70 118,00 34,46 19,76 28,23 134,27 163 28,37 9,81 151,65 23,24 53,13 204,78  

36 11,60 79,70 118,00 34,46 20,25 27,88 134,67 163 28,37 9,81 155,34 22,95 53,13 208,47  

37 11,60 79,70 118,00 34,46 20,74 27,52 135,07 163 28,37 9,81 158,92 22,65 53,13 212,05  

38 11,60 79,70 118,00 34,46 21,21 27,15 135,46 163 28,37 9,81 162,38 22,35 53,13 215,51  

39 11,60 79,70 118,00 34,46 21,69 26,78 135,85 163 28,37 9,81 165,72 22,05 53,13 218,85  

40 11,60 79,70 118,00 34,46 22,15 26,40 136,23 163 28,37 9,81 168,93 21,73 53,13 222,07  

41 11,60 79,70 118,00 34,46 22,61 26,01 136,61 163 28,37 9,81 172,03 21,41 53,13 225,17  

42 11,60 79,70 118,00 34,46 23,06 25,61 136,98 163 28,37 9,81 175,01 21,08 53,13 228,14  
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43 11,60 79,70 118,00 34,46 23,50 25,20 137,35 163 28,37 9,81 177,86 20,75 53,13 230,99  

44 11,60 79,70 118,00 34,46 23,94 24,79 137,71 163 28,37 9,81 180,59 20,41 53,13 233,72  

45 11,60 79,70 118,00 34,46 24,37 24,37 138,06 163 28,37 9,81 183,19 20,06 53,13 236,33  

46 11,60 79,70 118,00 34,46 24,79 23,94 138,41 163 28,37 9,81 185,67 19,71 53,13 238,81  

Angolo 
α 

n L Htorre v0 vx0 vy0 Hg D rg g 
Gittata 
teorica 

Xg Lg 
Gittata 

Effettiva 

 

 

47 11,60 79,70 118,00 34,46 25,20 23,50 138,75 163 28,37 9,81 188,03 19,35 53,13 241,16  

48 11,60 79,70 118,00 34,46 25,61 23,06 139,08 163 28,37 9,81 190,26 18,98 53,13 243,39  

49 11,60 79,70 118,00 34,46 26,01 22,61 139,41 163 28,37 9,81 192,36 18,61 53,13 245,49  

50 11,60 79,70 118,00 34,46 26,40 22,15 139,73 163 28,37 9,81 194,34 18,23 53,13 247,47  

51 11,60 79,70 118,00 34,46 26,78 21,69 140,05 163 28,37 9,81 196,20 17,85 53,13 249,33  

52 11,60 79,70 118,00 34,46 27,15 21,21 140,35 163 28,37 9,81 197,93 17,46 53,13 251,06  

53 11,60 79,70 118,00 34,46 27,52 20,74 140,65 163 28,37 9,81 199,54 17,07 53,13 252,67  

54 11,60 79,70 118,00 34,46 27,88 20,25 140,95 163 28,37 9,81 201,02 16,67 53,13 254,16  

55 11,60 79,70 118,00 34,46 28,23 19,76 141,24 163 28,37 9,81 202,39 16,27 53,13 255,52  

56 11,60 79,70 118,00 34,46 28,57 19,27 141,52 163 28,37 9,81 203,63 15,86 53,13 256,77  

57 11,60 79,70 118,00 34,46 28,90 18,77 141,79 163 28,37 9,81 204,76 15,45 53,13 257,89  

58 11,60 79,70 118,00 34,46 29,22 18,26 142,06 163 28,37 9,81 205,77 15,03 53,13 258,90  

59 11,60 79,70 118,00 34,46 29,54 17,75 142,31 163 28,37 9,81 206,66 14,61 53,13 259,79  

60 11,60 79,70 118,00 34,46 29,84 17,23 142,57 163 28,37 9,81 207,43 14,18 53,13 260,57  

61 11,60 79,70 118,00 34,46 30,14 16,71 142,81 163 28,37 9,81 208,10 13,75 53,13 261,23  

62 11,60 79,70 118,00 34,46 30,42 16,18 143,05 163 28,37 9,81 208,65 13,32 53,13 261,78  

63 11,60 79,70 118,00 34,46 30,70 15,64 143,27 163 28,37 9,81 209,09 12,88 53,13 262,22  

64 11,60 79,70 118,00 34,46 30,97 15,11 143,50 163 28,37 9,81 209,43 12,44 53,13 262,56  

65 11,60 79,70 118,00 34,46 31,23 14,56 143,71 163 28,37 9,81 209,66 11,99 53,13 262,79  



Impianto Eolico San Giovanni in Galdo   Analisi degli effetti di rottura degli organi rotanti 

 
10                     

    Rinnovabili Sud Tre S.r.l.                                                                                                                                                                                                                                                                      
               Via della Chimica 103, Potenza (PZ) 
                rinnovabilisudtre@pec.it 
               Tel: 0971 281981 

 

66 11,60 79,70 118,00 34,46 31,48 14,02 143,91 163 28,37 9,81 209,78 11,54 53,13 262,91  

67 11,60 79,70 118,00 34,46 31,72 13,46 144,11 163 28,37 9,81 209,81 11,08 53,13 262,94  

68 11,60 79,70 118,00 34,46 31,95 12,91 144,30 163 28,37 9,81 209,73 10,63 53,13 262,86  

69 11,60 79,70 118,00 34,46 32,17 12,35 144,48 163 28,37 9,81 209,56 10,17 53,13 262,69  

70 11,60 79,70 118,00 34,46 32,38 11,79 144,66 163 28,37 9,81 209,30 9,70 53,13 262,43  

71 11,60 79,70 118,00 34,46 32,58 11,22 144,82 163 28,37 9,81 208,94 9,24 53,13 262,07  

72 11,60 79,70 118,00 34,46 32,77 10,65 144,98 163 28,37 9,81 208,49 8,77 53,13 261,63  

73 11,60 79,70 118,00 34,46 32,95 10,07 145,13 163 28,37 9,81 207,96 8,29 53,13 261,09  

74 11,60 79,70 118,00 34,46 33,12 9,50 145,27 163 28,37 9,81 207,34 7,82 53,13 260,48  

75 11,60 79,70 118,00 34,46 33,28 8,92 145,40 163 28,37 9,81 206,64 7,34 53,13 259,78  

Angolo 
α 

n L Htorre v0 vx0 vy0 Hg D rg g 
Gittata 
teorica 

Xg Lg 
Gittata 

Effettiva 

 

 

76 11,60 79,70 118,00 34,46 33,43 8,34 145,52 163 28,37 9,81 205,87 6,86 53,13 259,00  

77 11,60 79,70 118,00 34,46 33,58 7,75 145,64 163 28,37 9,81 205,01 6,38 53,13 258,15  

78 11,60 79,70 118,00 34,46 33,71 7,16 145,75 163 28,37 9,81 204,09 5,90 53,13 257,22  

79 11,60 79,70 118,00 34,46 33,83 6,57 145,85 163 28,37 9,81 203,09 5,41 53,13 256,23  

80 11,60 79,70 118,00 34,46 33,93 5,98 145,94 163 28,37 9,81 202,03 4,93 53,13 255,16  

81 11,60 79,70 118,00 34,46 34,03 5,39 146,02 163 28,37 9,81 200,90 4,44 53,13 254,03  

82 11,60 79,70 118,00 34,46 34,12 4,80 146,09 163 28,37 9,81 199,70 3,95 53,13 252,84  

83 11,60 79,70 118,00 34,46 34,20 4,20 146,16 163 28,37 9,81 198,45 3,46 53,13 251,59  

84 11,60 79,70 118,00 34,46 34,27 3,60 146,21 163 28,37 9,81 197,14 2,97 53,13 250,28  

85 11,60 79,70 118,00 34,46 34,33 3,00 146,26 163 28,37 9,81 195,78 2,47 53,13 248,91  

86 11,60 79,70 118,00 34,46 34,37 2,40 146,30 163 28,37 9,81 194,36 1,98 53,13 247,50  

87 11,60 79,70 118,00 34,46 34,41 1,80 146,33 163 28,37 9,81 192,90 1,48 53,13 246,03  
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88 11,60 79,70 118,00 34,46 34,44 1,20 146,35 163 28,37 9,81 191,39 0,99 53,13 244,52  

89 11,60 79,70 118,00 34,46 34,45 0,60 146,36 163 28,37 9,81 189,83 0,50 53,13 242,96  

90 11,60 79,70 118,00 34,46 34,46 0,00 146,37 163 28,37 9,81 188,23 0,00 53,13 241,37  

Tabella 1 – Calcolo della gittata massima ed effettiva per angolo α compreso tra 0° e 90° 
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La gittata massima si ottiene per α=67° ed il risultato numerico è pari a 209,81 m; questo 
valore rappresenta il valore della gittata massima teorica per il distacco in corrispondenza del 
mozzo. 

Noto il valore di gittata massima teorica e date le caratteristiche geometriche della pala, 
precedentemente valutate, si può calcolare la gittata massima effettiva. 

Supponendo di prendere in considerazione l'ipotesi più gravosa, ossia quella in cui la pala 
cadendo si disponga con la parte più lontana dal baricentro verso l’esterno, si ottiene che la 
gittata massima effettiva è pari al valore massimo di gittata teorica + Lg, ovvero i 2/3 della 
lunghezza della pala che risulta quindi: 

- Punto massima caduta: 209,81+ 53,13 = 262,94 m 
 

4. APPLICAZIONE DELLO STUDIO AL PROGETTO IN 
ESAME 

Nel progetto in esame si prevede la realizzazione di n.5 aerogeneratori del modello NORDEX 
con diametro rotore 163 m e altezza torre 118 m ubicati in Località ‘Fiego’ dei Comuni di San 
Giovanni in Galdo (CB) e Campolieto (CB) con opere di connessione nei comuni di San 
Giovanni in Galdo (CB), Campolieto (CB) e Morrone del Sannio (CB) aventi una potenza 
massima unitaria pari a 6,6 MW, per una potenza installata massima dell’impianto pari a 33,00 
MW. 

Il calcolo della gittata massima appena descritto mostra come tale valore, nel caso 
maggiormente cautelativo, si attesti a 262,94 m. 

È stata considerata una distanza di 263 m da ogni aerogeneratore come buffer di sicurezza 
da rottura, come si può osservare dalla figura seguente che mostra come tutti i fabbricati, e fra 
essi, anche quelli individuati come recettori, siano esterni alla fascia di rispetto indicata in caso 
di rottura degli organi rotanti.  
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Figura 2 - Ortofoto con opere di impianto, fabbricati individuati (recettori) e buffer di sicurezza degli aerogeneratori

Fabbricato tipo D 
più prossimo 

Fabbricato tipo A 
più prossimo 
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5. CONCLUSIONI 

La presente relazione descrive il calcolo eseguito al fine della valutazione della gittata 
massima che si verifica in caso di rottura accidentale di un aerogeneratore considerando il 
caso più gravoso. In base a quanto riportato, il punto di caduta più lontano, nel caso di rottura 
dell’intera pala corrisponde a 209,81 m per la gittata teorica e a 262,94 m per la gittata effettiva. 
I valori di gittata sono stati ottenuti senza considerare le forze resistenti e l’attrito dell’aria, che 
avrebbero restituito una misurazione della gittata inferiore. 

Dall’analisi condotta risulta verificata la distanza minima di ogni aerogeneratore da ogni 
potenziale recettore ai sensi del DM 10/09/2010 “Linee guida per l’autorizzazione degli impianti 
alimentati dalle Fonti Rinnovabili”, posta pari a 200 m; è inoltre verificata la distanza di 
sicurezza da rispettare in caso di rottura degli organi rotanti, giacché il fabbricato che può 
considerarsi come “recettore” più prossimo, in quanto appartenente alla categoria 
catastale “abitazione”, così come definito dalle Linee Guida di cui al DM 10/09/2010 e dalle 
normative di settore di riferimento ai fini dell’analisi condotta, dista circa 416 m 
dall’aerogeneratore più prossimo. 

L’altro fabbricato più prossimo all’impianto dista circa 408 m dall’aerogeneratore più prossimo 
e trattasi in questo caso di fabbricato per funzioni produttive connesse alle attività agricole (tipo 
D). Si conclude quindi che nell’ipotesi remota di rottura di un aerogeneratore, l’impianto in 
progetto risulti sicuro. 

Si sottolinea che dalla pratica sul campo per questo tipo di impianti, oltre che da studi 
specialistici pubblicati, il fenomeno della rottura dell’aerogeneratore risulta una eventualità 
molto remota. 

Si conclude, quindi, che il progetto dell’impianto eolico, proposto dalla società Rinnovabili Sud 
Tre S.r.l. in Località ‘Fiego’ dei Comuni di San Giovanni in Galdo (CB) e Campolieto (CB) 
con opere di connessione nei comuni di San Giovanni in Galdo (CB), Campolieto (CB) e 
Morrone del Sannio (CB) costituito da 5 aerogeneratori (modello NORDEX N163 da 6,6 MW, 
diametro rotore 163 m e altezza torre 118 m) aventi una potenza massima unitaria pari a 6,6 
MW per una potenza installata massima dell’impianto pari a 33,00 MW, non ostacola la 
pubblica  sicurezza nell’ipotesi remota di rottura di una pala. 
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1. Structure
The Nordex N163/6.X wind turbine (WT) is a speed-variable wind turbine with a 
rotor diameter of 163 m and a nominal power of 7000 kW, which can be adapted 
dependent on location. The wind turbine is designed for class S in accordance with 
IEC 61400-1 or wind zone S in accordance with DIBt 2012 and is available in 50 Hz 
and 60 Hz variants.

A Nordex N163/6.X wind turbine consists of the following main components:

• Rotor with rotor hub, three rotor blades and the pitch system

• Nacelle with rotor shaft and bearing, gear, generator, Yaw system, medium 
voltage transformer and converter

• Tubular steel tower or hybrid tower with medium-voltage switchgear.

1.1 Tower
The wind turbine N163/6.X can be erected on a steel tower or on a hybrid tower. 
The tubular steel tower consists of several conical or cylindrical sections. This tower 
is bolted to the anchor cage embedded in the foundation. The bottom part of the 
hybrid tower consists of a concrete tower and the top part of a tubular steel tower 
with two sections. 

A climbing assistance, e. g a service lift or a step ladder, the vertical ladder with fall 
protection system as well as resting and working platforms inside the tower allow 
for a weather-protected ascent to the nacelle.

Fig. 1: Overview of installations in the bottom section of the steel tube tower 
with a vertical ladder (in case of a step ladder different image) 

The foundation structure of all towers depends on the soil conditions at the intended 
location. 

1 Flange platform
2 MV switchgear
3 Tower access

4 Tower service lift
5 Control cabinet
6 Ladder path

3

1

2

4

6

5
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1.2 Rotor
The rotor consists of the rotor hub with three slewing bearings, the pitch system 
for blade adjustment and three rotor blades.

The rotor hub consists of a base element with support system and spinner. 
The base element consists of a stiff cast structure, on which the pitch bearings 
and the rotor blades are assembled. The rotor hub is covered with the spinner 
which enables the direct access from the nacelle into the rotor hub.

The rotor blades are made from high quality fiber glass- and carbon-fiber 
reinforced plastic. The rotor blade is tested statically and dynamically in accordance 
with the guidelines IEC 61400-23 and DNVGL-ST-0376.

The pitch system serves to adjust the pitch angle of the rotor blades set by the 
control system. For each individual rotor blade the pitch system comprises an 
electromechanical drive with rotary current motor, planetary gear and drive pinion, 
as well as a control unit with frequency converter and emergency power supply. 
Power supply and signal transfer are realized through a slip ring in the nacelle.

1.3 Nacelle
The nacelle contains essential mechanical and electric components of the wind 
turbine. 

The rotor shaft transmits the rotary motion of the rotor to the gearbox and is 
mounted in the rotor bearing in the nacelle. A rotor lock is integrated in the rotor 
bearing housing, with which the rotor can be reliably locked in place mechanically. 

With the mechanical rotor brake the rotor is locked during maintenance work. 
For this, a sufficient oil pressure is generated by the hydraulic pump. 

The gearbox increases the rotor speed until it reaches the speed required for the 
generator. The bearings and gearings are continuously lubricated with oil. A combi-
nation filter element with coarse, fine and ultrafine filter retains solid particles. The 
control system monitors the contamination of the filter element. The gear oil used 
for lubrication also cools the gearbox. The temperatures of the gearbox bearings and 
the oil are continuously monitored. If the optimum operating temperature is not yet 
reached, a thermal bypass directs the gear oil directly back to the gearbox. Only 
when the gear oil temperature reaches a predetermined value is the transmission oil 
cooled by an oil / water cooler, which is located directly on the gearbox. As a result, 
the gear oil temperature is kept in a narrow temperature range during operation.

The coupling acts as force-transmitting connection between the gearbox and the 
generator.

The generator is a 6-pole doubly-fed induction machine. The generator has a 
built-on air-water heat exchanger and is connected to the cooling circuit. 

The converter connects the electrical grid to the generator which means the 
generator can be operated with variable rotational speeds. 

The transformer converts the low voltage of the generator-converter system into 
medium voltage of the wind farm grid. The transformer is cooled by the connection 
to the cooling circuit.

In the switch cabinet, all electrical components required for the control and supply 
of the turbine are located.

The cooling water is re-cooled by a passive cooler on the nacelle roof. 
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The yaw drives optimally rotate the nacelle into the wind. The yaw drives are 
located on the machine frame in the nacelle. A yaw drive consists of an electric 
motor, multi-stage planetary gear, and a drive pinion. The drive pinions mesh with 
the external teeth of the yaw bearing. In the aligned position the nacelle is held with 
the yaw drives. 

All nacelle assemblies are protected against wind and weather conditions by means 
of a nacelle housing.

Abb. 2: Schematic diagram of the nacelle 

1.4 Auxiliary systems

1.4.1 Automatic lubrication system
Generator bearing, gearing of the pitch bearings, rotor bearing and gearing of 
the yaw bearing are each equipped with an automatic lubrication system.

1.4.2 Heaters
Gearbox, generator, cooling circuit and all relevant switch cabinets are equipped 
with heaters.

1 Passive cooler
2 Cabinet
3 Generator
4 Gearbox
5 Rotor shaft
6 Nacelle housing

7 Rotor bearing
8 Yaw drives
9 Rotor brake
10 Coupling
11 Transformer
12 Converter
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1.4.3 E-chain hoist and crossbeam 
An electric chain hoist is installed in the nacelle which is used for lifting tools, 
components and other work materials from the ground into the nacelle. 

A crossbeam including a sliding trolley is prepared for the use of a manual chain hoist 
to move the materials within the nacelle.

1.4.4 Cooling system
Two separate cooling circuits ensure cooling of the large components. Converter and 
gearbox are cooled in one cooling circuit and generator and transformer in the other.

Both cooling circuits are connected to passive coolers on the nacelle roof, in which 
the water is recooled.

Abb. 3: Schematic representation of the cooling circuit
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2. Control and electrical system
The WT operates automatically. A programmable logic controller (PLC) continuously 
monitors the operating parameters using various sensors, compares the actual 
values with the corresponding setpoints and issues the required control signals 
to the WT components. The operating parameters are specified by Nordex and 
are adapted to the individual location. The controller is located in a control 
cabinet in the tower base.

When there is no wind the WT remains in idle mode. Only various auxiliary systems 
are operational or activated as required: e.g., heaters, gear lubrication or PLC, which 
monitors the data from the wind measuring system. All other systems are switched 
off and do not use any energy. The rotor idles. When the cut-in wind speed is 
reached, the WT changes to the “ready for operation” condition. Now all systems are 
tested, the nacelle turns into the wind and the rotor blades turn into the wind. When 
a certain speed is reached, the generator is connected to the grid and the WT 
produces electrical energy.

At low wind speeds the WT operates at part load. The rotor blade remain turned into 
wind to the maximum extent. The power produced by the WT depends on the wind 
speed. 

When the nominal wind speed is reached, the WT switches over to the nominal load 
range. If the wind speed continues to increase, the speed control changes the rotor 
blade angle so that the rotor speed and thus the power output of the WT remain 
constant.

The yaw system ensures that the nacelle is always optimally aligned to the wind. 
To this end two separate wind measuring systems on the nacelle measure the wind 
direction. Only one wind measuring system is used for the control system, while the 
second system monitors the first and takes over in case the first system fails. If the 
wind direction measured deviates too much from the nacelle alignment, the nacelle 
is yawed into the wind. 

The wind energy absorbed from the rotor is converted into electrical energy using 
a doubly-fed induction machine with slip ring rotor. Its stator is connected directly, 
and the rotor via a specially controlled frequency converter, to the MV transformer 
which connects the turbine to the grid. Only part of the power needs to be routed 
via the converter, permitting low electrical system losses.

2.1 Safety systems
Nordex wind turbines are equipped with technical equipment and devices that 
protect people and systems and ensure permanent operation. The entire turbine 
is designed in accordance with the Machinery Directive 2006/42/EC and certified 
as per IEC 61400. 

Safety-relevant parameters in the system control are monitored continuously. Here, 
the sensor data of the safe sensors are transmitted via a safe bus system to the safe 
controller for evaluation. If specified parameters are exceeded, the system is 
stopped via actuators and set to a safe state. 

Depending on the cut-out cause, different brake programs are triggered. In event of 
external causes, such as excessive wind speeds or below operating temperatures, 
the wind turbine is gently braked by means of rotor blade adjustment. Other safety 
functions are used to stop drives safely for maintenance work.
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2.2 Lightning/overvoltage protection, electromagnetic compati-
bility (EMC)
The lightning/surge protection of the wind turbine is based on the EMC-compliant 
lightning protection zone concept, which comprises the implementation of internal 
and external lightning/surge protection measures under consideration of the 
standard IEC 61400-24. The wind turbine is designed according to lightning 
protection class I.

The wind turbine with the electrical equipment, consumers, the measurement, 
control, protection, information and telecommunication technology meets the EMC 
requirements according to IEC 61400-1.

2.3 Medium-voltage system
The medium voltage components are used to connect a WT to the wind farm 
medium-voltage grid or the local grid operator. The tower base contains the MV 
switchgear. It consists of a transformer field with circuit breakers and at least one 
ring cable field as default and up to three ring cable fields as an option (dependent 
on the wind farm configuration). The transformer panel consists of a vacuum circuit 
breaker and the disconnector with ground switch. The ring cable panel consist of a 
switch disconnector with a ground switch. The entire MV switchgear is assembled on 
a support/adapter frame. 

Further characteristics of the MV switchgear:

• Routine tests of each switchgear in compliance with IEC 62271-200

• Type tested, SF6 insulation

• Internal switchgear for self-contained electrical systems (min. IP2X)

• SF-6 tank: metal-clad, metal-enclosed (min. IP65), independent of environ-
mental influences

• Switch positions shown "On - Off - Grounded"

• Test terminal strip for secondary test

• Low-maintenance in accordance with class E2 (IEC 62271-100)

In case of technical availability Nordex can as an alternative to traditional SF6 
insulated switchgear also supply SF6-free switchgear. This option is to be agreed 
upon with Nordex in advance. 

The system protection of the MV switchgear is achieved by the following items:

• Improved personal safety and system protection in case of arcing by type testing 
in compliance with IEC 62271-200

• Protection device supplied with converter current and stabilized for inrush 
current as DMT protection relay (independent maximum current protection)

• Actuating openings for switchgear are interlocked to preclude operation of more 
than one simultaneously, and can be locked as an option

• Corrosion protection of the switchgear cells through hot-dip galvanization and 
painted surfaces 

• Pressure relief by pressure absorber duct in case of arcing. Alternatively, for the 
USA, an arc suppressor can be installed in the tank and in the cable connection 
compartment. 
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Transformer and converter are located in the nacelle. The transformer has been 
specified in accordance with IEC 60076-16. 

The steel components at the transformer are dimensioned for corrosion protection 
class C3 (H). Additional protection measures:

• Grounded tank (Ester transformer)

• Overtemperature protection with temperature sensor and relay

• Hermetic protection (leakage) and overpressure protection for ester transformer

2.4 Low-voltage grid types 
The 950 V low voltage grid is the primary wind turbine low voltage energy 
system. It is insulated from the ground as an IT grid and three phase AC network. 
The elements of the electrical operating and measuring devices of this network are 
grounded directly or via separate protective equipotential bonding cables. A central 
insulation monitor has been installed as another protective measure for personal and 
turbine safety in the 950-V-IT system.

The 400 V/230 V low voltage grid is the auxiliary wind turbine low voltage 
system. It has its neutral point grounded directly in the supplying grid transformers 
as a TN system and three-phase system. The equipment grounding conductor 
PE and the neutral conductor are available separately. The bodies of electrical 
equipment and consumers, including the additional protective equipotential 
bonding, are connected directly, through protective earthing conductor 
connections, straight to the neutral points of the supply grid transformers.

2.5 Auxiliary power of the wind turbine 
The auxiliary low voltage required by the wind turbine in stand-by mode and feed-in 
mode is requested by the following consumers: 

• System control including main converter control
• 400 V/230 V auxiliary power of the main converter
• 230 V AC UPS supply including 24 V DC supply
• Yaw system
• Pitch system 
• Auxiliary drives such as pumps, fans and lubrication units
• Heating and lighting
• Auxiliary systems such as service lift, obstacle lights
Long-term measurements show that the average annual base load of the 
low-voltage auxiliary power plant in WT feed-in operation is approx. 15 kW in 
the average 10 min mean value and the maximum 10-min average value can 
reach up to 25 kW/32kVA. These values are already included in the power curves. 
For locations with an average annual wind speed of 6.5 m/s approx. 10 MWh 
auxiliary consumption arise, however, this value is greatly dependent on location.

Auxiliary consumption is defines as the energy consumption of the WT from the grid 
for a period during which the WT does not supply current to the grid.
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3. Options
Various options are available upon request as additional equipment for Nordex wind 
turbines.

The option of optional equipment must be coordinated with Nordex in advance.
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4. Technical data

4.1 Technical design 

1) Nominal output is achieved depending on the power factor and the installation altitude 
up to defined temperature ranges. 

2) Depending on the project, the cut-out wind speed can be decreased to safeguard 
the structural stability.

Technical design 

Survival temperature -40 °C to +50 °C

Operating temperature range of the Normal 
Climate Version 

-20 °C to +40 °C1)

Operating temperature range of the Cold 
Climate Version

-30 °C to +40 °C1) 

Stop Standard: -20 °C, restart at -18 °C
CCV: -30 °C, restart at -28 °C

Max. height above MSL 2000 m1)

Certificate In accordance with IEC 61400-22 
and DIBt 2012

Type 3-blade rotor with horizontal axis
Up-wind turbine

Output control Active single blade adjustment

Nominal power up to 7000 kW1)

Rated power at wind speed 
(at an air density of 1.225 kg/m3)

Approx. 13.5 m/s

Operating speed range of the rotor 6.0 min-1 to 11.6 min-1

Nominal speed approx. 10.0 min-1

Cut-in wind speed 3 m/s

Cut-out wind speed 26 m/s2)

Cut-back-in wind speed 25.5 m/s2)

Calculated service life  25 years
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4.2 Towers 

* Includes foundation height above ground level

** Steel section: Color system coating; Concrete part: Fair-faced concrete

4.3 Rotor and rotor blades 

4.4 Nacelle

Towers TS118-03 TS138 TS148-01 TS159-01 TCS164

Hub height* 118.0 m 138.0 m 148.0 m 158.5 m 164.0 m

Tower type Tubular steel tower Hybrid tower

Wind class IEC S
DIBt S IEC S IEC S IEC S IEC S

DIBt S

Surface finish Color system coating **

Rotor

Rotor diameter 163.0 m

Swept area 20867 m2

Nominal power/area 326 W/m2

Rotor shaft inclination angle 5 °

Blade cone angle 5.5 °

Rotor blade

Material fiber glass and carbon fiber reinforced plastic

Total length 79.7 m

Rotor hub

Material of the rotor hub body Casting

Material spinner glass-fiber reinforced plastic

Nacelle

Support structure welded steel structure

Cladding glass-fiber reinforced plastic

Machine frame Casting

Generator frame welded steel construction
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4.4.1 Rotor shaft

4.4.2 Brake and gearbox

4.4.3 E-chain hoist and crossbeam

Rotor shaft/rotor bearing

Type Forged hollow shaft

Material 42CrMo4 or 34CrNiMo6

Bearing type Spherical roller bearing

Lubrication Regularly using lubricating grease

Mechanical brake

Type Actively actuated disk brake

Location On the high-speed shaft

Number of brake calipers 1

Brake pad material Organic pad material

Gearbox

Type Multi-stage planetary gear + spur gear stage

Gear ratio 50 Hz: i = 122.4

60 Hz: i = 146.9

Lubrication Forced-feed lubrication

Oil quantity including cooling circuit max. 800 l

Oil type VG 320

Max. oil temperature Approx. 77 °C

Oil change Change, if required

E-chain hoist and lifting beam

Electrical chain hoist

max load Min. 850 kg

Crossbeam

max load

Sliding trolley to accommodate a manual chain hoist

1000 kg
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4.5 Electrical system 

*) All data are maximum values. The values may deviate depending on the rated voltage, 
rated apparent power and WT active power.

4.5.1 Transformer 

*) The values are, if not specified otherwise, maximum values. The values may deviate 
depending on the rated voltage, rated apparent power and WT active power.

1) Guide values

Electrical system *

Nominal power PnG 7000

Nominal voltage 3 x AC 950 V ± 10 % (specific to grid code)

Nominal current during full reactive 
current feed-in InG at SnG

4727 A

Nominal apparent power SnG at PnG 7778 kVA

Frequency 50 and 60 Hz

Transformer* 50 Hz 60 Hz

Total weight approx. 10 t

Insulation medium Ester

Rated voltage OV, Ur 950 V

Maximum rated voltage OS, 
dependent on MV grid, Ur

20 kV/30 kV/34 kV

Taps, overvoltage side 20 kV and 30 kV: + 4 x 2.5 %

34 kV: + 4 x 0.5 kV

Grid voltage OS 20; 20.5; 21; 21.5; 22 kV

30; 30.75; 31.5; 32.25; 33 kV

34; 34.5; 35; 35.5; 36 kV

Rated frequency, fr 50 Hz 60 Hz

Vector group Dy5

Installation altitude (above MSL) Up to 2000 m

Rated apparent power, Sr 7800 kVA

Impedance voltage, Uz 9 % ± 10 % tolerance

Minimum peak efficiency index, η, 
(EU) 2019/1783, 548/2014

99.590% –

Inrush current  5.5 x IN (peak value)

Power loss1)

No-load losses

Short circuit losses

 

3050 W

80000 W

 

4300 W

80700 W
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4.5.2 Medium-voltage switchgear 

Medium-voltage switchgear

Rated voltage 
(dependent on MV grid)

24; 36; 38 or 40.5 kV

Rated current 50 Hz: 630 A 

60 Hz: 600 A

Rated short-circuit duration 1 s

Rated short circuit current 24 kV: 16 kA (20 kA optional)

36/38/40.5 kV: 20 kA (25 kA optional)

Minimum/maximum ambient 
temperature during operation

NCV: -25 °C to +40 °C

CCV: -30 °C to +40 °C

Connection type External cone type C according to EN 50181

USA: External cone type E according to IEEE 386

Circuit breaker

Number of switching cycles with 
rated current

E2

Number of switching cycles with 
short-circuit breaking current

E2

Number of mechanical switching 
cycles

M1

Switching of capacitive currents Min. C1 - low

Switch disconnector

Number of switching cycles with 
rated current

E3

Number of switching cycles with 
short-circuit breaking current

E3

Number of mechanical switching 
cycles

M1

Disconnector

Number of mechanical switching 
cycles

M0

Ground switch

Switching number with rated 
short-circuit inrush current

E2

Number of mechanical switching 
cycles

≥ 1000
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4.5.3 Generator 

4.6 Cooling system

4.7 Pitch system

Generator

Type 6-pole doubly-fed induction machine

Degree of protection IP 54 (slip ring box IP 23)

Nominal voltage 950 V

Frequency 50 and 60 Hz

Speed range 50 Hz: 650 to 1500 min-1
60 Hz: 780 to 1800 min-1

Poles 6

Weight approx. 13.5 t

Cooling system 

Gearbox

Type Oil circuit with oil/water heat exchanger and thermal 
bypass

Filters Coarse filter 50 µm / fine filter 10 µm / ultrafine filter 
<5 µm 

Generator 

Type Water circuit with water/air heat exchanger and thermal 
bypass

Coolant Water/glycol-based coolant

Converter

Type Water circuit with water/air heat exchanger and thermal 
bypass

Coolant Water/glycol-based coolant

Transformer

Coolant Water/glycol-based coolant

Cooling circuit Ester circuit with ester/water heat exchanger

Pitch system

Pitch bearing Double-row four-point contact bearing

Gearing/raceway lubrication Regular lubrication with grease 

Drive Electric motors incl. spring-loaded brake and multi-stage 
planetary gear

Emergency power supply Batteries
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4.8 Yaw system

4.9 Corrosion protection

* Categories of corrosion protection according to ISO 12944-2

4.10 Automation systems

Yaw system

Yaw bearing Double-row four-point contact bearing

Gearing/raceway lubrication Regular lubrication with grease

Drive Electric motors incl. spring-loaded brake and four-stage 
planetary gear

Number of drives 5-6

Yaw speed Approx. 0.4 °/s

Corrosion protection* Inside Outside

Nacelle C3 C4

Hub, including material spinner C3 C4

Tower

Steel sections

Concrete components

C3

Color system coating

Fair-faced concrete

C4

Color system coating

Fair-faced concrete

Automation system

Field bus system Profinet

Safe fieldbus system Profisafe via Profinet

Turbine control Profinet system control

Safety control Integrated safety control
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