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Analysis and Design of 7S0kW Nacelle Cover

Jaehyun Park, Johyug Bang, Jinil Park, Jiyune Ryu

Key words : Design load(AA&}%), Preliminary design(elB]ZA]), Detail design(ZHA12A)
Composite structure(&E3s+3%)

Abstract : The major function of the nacelle cover is protecting the inside equipments.
Therefore, it is required not only sufficient strength and stability but also light weight. In
this paper, design loads are calculated according to the GL Wind guideline Ed. 2003. To ensure
the structural safety, a composite structure is selected. The structural design is processed by
two steps which are preliminary design and detail design. In the preliminary design step, a
structural analysis is performed with initial thickness, bmm. As reviewing above analysis
results, weak regions of the nacelle cover reinforced using the spar cap structure which is same
as the blade structure. In the analysis model, the support structure is connected with the
nacelle cover and analyzed its structural safety at the same time.

Nomenclature 2 AT }\1 + GL wind guideline Ed. 200391

w2} [EC TC ol 33t dASteS A4t

p - air density, kg/m’ 750k FEEHT AE Fa AAE AA

Uping © Wind speed, m/s e} AR FTRE ZE 2 oAA HIE 43
2103

wg. : windload, N skt

¢, : load coefficient 2. dA st

A . referance surface area

AASIE2 GL wind guideline Ed. 2003l o}
& 99 7 g5 20 FolA AdstE (snow
. load)+A}3}% (dead weight), 35 (wind load)+
subscript AFEHE (dead weight)9] - 7HA] -8 A5

o}

Y,; : material partial safety factor

TC  : typeclass

DLC : design load case
& 2.1 HM38t=(snow load)

1. M =2 HM3E L table 19 2ol AelHt,
FTEAA7|= A vFo 2R duUAE A Table 1 Snow loads

o gto} W v)o AdstE 2H, 58 dE A

9D 7k 714, A7) ZAx7F AR EHE A g I'tem Unit load

i =E, YA AFs AAsteE B E T AE Snow loads 3.0 kN/m?

o, 283 7 VA R AR E BeskeE o

AAW = 78k vpgdo| A e, Hae gk b

A4e Busiun Ao et A, 9,

AR FEEE AN B ol HAANE F ) =2 meeina

8k jﬁré}ﬂlf &k, ‘4-'%] TEE AAEHE Email : jahpark@unison.co.kr

AgEe AF GA| A3 5= 9lojofgitt, Tel : (042)360-1125 Fax : (042)360-1119
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2.2 E35}=(wind load)
FalEe gy ge ow AxMd £ 9
a1, Table 29} Zo] Ao}, o7|M ¢, #HS
Fig. 13} o] AAw T,

w, =272

s 2 wind A ’ CW

(1)

Table 2 Wind loads of nacelle cover

Sur face Total load(kN) DLC
Front face 29.66
Lateral face 23.21 DLC 6.2
Rear face 19.34

Wind direction

T

Simplified ¢, values assumed for a
nacel le cover following wind direction

Fig. 1

2.3 Al5tE(dead weight)

A AW 2 A FxE ZgsE AleE
2 YA AW, AAFZRE, a2l AZFEFFe
o] it} VAl AW 9 x| F2E9| Alsh
oo A FE a4 e F7)s
don AGEF A FAE T2
sto] &8skt

it bt of L
MWWW
i 3L rfe offt

Table 3 Dead weight of nacelle components

Wtk of 7)o 2291 HFF+F = layer pattern 1,
2, 3, 40131, Fig. 4° Aovds LAt
A A AL = laminate AL AFA|HA
Aoz Falxlom, table 40 A= o).

AN

aUe 18 2008
18:02:37

ELEMENTS

Fig. 2 Fininte element model of preliminary
designed nacel le cover

ELEMENTS

TYPE NUM

layer pattern2 layer pattern1

layer pattern3

Layer patternd

Fig. 3 Fininte element model of reinforced
and designed nacel le cover

o, Part name Weiaht (ko) Table 4 Material properties by tensile test specimen
1 Nacel le cover 865 Glass/Epoxy |Poly-urethane
fabric foam
2 Support structure 312 Elastic modulus for 10500 60,86
. . horizontal direction[N/mnf] '
3 Electric equipments 1135
Elastic modulus for vertical
direct ion[N/mn?] 10500 59.86
3. LHAAHE N Shear modulus[N/mr] 1450 19.18
Poison ratio[v] 0.27 0.2
H o = H B3 = L=
= ‘;j_oﬂ A= ?Xﬂ 718 q;'%zﬂ zj# Smm 77 Tensile strength for o83 2 63
= ouAdA | aFAu el A sk (snow load) hor izontal direction[N/mn] ’
I} F3F%(wind load)E A3l Hsls 2 2} ,
- = N Compressive strength for
=348 53 0}9‘2%’ s A dE wgo R vl hor izontal direction[N/mnf] 184 141
ANE A - B3 :
Tensile strength for o83 5 49
. | o Ad vertical direction[N/mm’] )
=] q E =
3.1 sMRH X MESHX| Compressive strength for 184 1 41
Fig. 2= 7|% BEadgaz oqudAd @ A vertical direction[N/mn’] ’
Awoltt., B Ao o 24 A A Shear strength[N/mnf] 15.0 0.71
A TS HEetgint. Fig. 33 vhdzire] = Ply thickness 0.5 2

7] MAFAREE AA AdE FAANE e
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10 loyers of
glass fokric

0.5
(a) layer pattern 1

S layers staggered, 10mn

150

o

(b) layer pattern 2

19 layer stoaggered, 10mm at
even number layers

(c) layer pattern 3

Poly-urethane foam R25

(d) layer pattern 4

Fig. 4 Laminate lay up

3.2 MES| HMAHS
Qo AN AFEEE AL BEE 4(2)

g} o] Axtdrt),
yMn:}/MO.Cla.CZa.CSa.CM.Cad (2)

Vo = 1.35 general safety factor
C}, = 1.35 influence of aging
Gy, = 1.1 temperature influence
(s, = 1.1 hand lay-up laminate
C,, = 1.1 non post-cured laminate
v,.= 2.65

3.3 == sl
#HZ A AR AAGFE A (3)F 2ol
Aty

Yita = V0" Cra* Coy (3)

= 1.35 general safety factor

C}, = 1.1 for scattering of face material modulus

D)
|

. = 1.1 temperature influence
v = 1.63

3.4 LM X[X|F== sl Y

VA 2] 2] 228 ANSYSE] K@ 2 (beam189)
2 Ry i, AALA(RBE)E AE-she]
Jazmel AARA. o © A Aeols
98] MAZ Y (machine frame)S HAZ 714
st AAZAE ARESIGlT. AR ELe o
Fig. 52 13 HoA=R 2d8 @ AAFLRE
< Y aL, Fig. 62 YAAW Y AR F 3250
AAd fFotesrnd 9 AAZRAES YEeEd.
AA T 2B $54007] B XS AHg-EH3IT)

T— AN

AUG 5 2008
22:33:58

: = ;-

ravity accelerati C(g[;';(o"f‘)er
(8.81+1.1m/s?) 9!

clamp Hydraulic unit

(135kgf),

Fig. 5 Support structure of nacel le cover

J— AN

see 2 2008
1s:43:19

TveE NUM

Fig. 6 Fininte element model of support
structure and nacel le cover

4.

A
B A/ JAAN 9] Hstz) a3
A= table 59 table 6, XA F+ZE 421
+ table 79 A7 ot} Table 5914 R,
71 YAAH = 5858 ddEL 112 WS
3l whdo] - &L 0612 FE AS
1.63°] ¥ mlX&= AS & gltl. Table 6%}
Table 7oA HW, B7ZE JAAB 9} X% 2
29 ¢ 2 FHF dALL &3 ol UL
S < F U

[e][]

4 & 2t
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Table 5 Static and buckling analysis results of
initial nacelle cover

Nacelle .Load oase Allowable| Safety
Cover Wind | Snow
def. [mm] 59 118 - -
stress[MPa] 61 95 106 1.1
buckl ing 0.62 0.61 1.63 -

Table 6 Static and buckling analysis results of
reinforced nacelle cover

Nacel e -Load case Allowable| Safety
Cover Wind Snow
def. [mm] 12.3 54.8 - -
stress[MPa] 22 68 106 1.55
buck |l ing 6.4 1.67 1.63 -

Table 7 Static analysis results of the support

structure
Load case
Suppor t - Allowable| Safety
structure Wind Snow
def. [mm] 1.7 1.5 - -
stress[MPa] 102 80 223 2.18

NODAL SOLUTION
sTER=1

sUB =
FACT=. 518458
sEQv (ave)
Dx =118.18
Sux =95.769

0 21.282 42.56¢ €3.846 85.128
10.641 31.923 53.205 74.487 95.769

(a) Initial nacelle cover

NODAL SOLUTION

—
o 15.123 30.245 45 368 60.491
7.561 22.684 37.807 52.929 68.052

(b) Reinforced nacelle cover
Fig. 7 Stress contour plot of nacelle cover
for the snow load case

Table G914 & 4= SlFo] LhAAN = A 43}
ZT A8 A, Tt A48 ARG 2.1 o & &
2 e Jepad. Fig. 78 UGN 435
Fo| H4HAS W, J1¥ harsl g
AAW 9] SHFEEE YERATE. Table 7oA+
A AATEEE FoF 4G A, AT

€ AEh 139 ¥ 2 5898 e

nﬂmm

]

5. =

Toll A+ GL guidelineol] whz} A A ss

s % j } gAaA e AAZS ettt ©
3 A" yAAE @ (A TrEe o8 9 &
= S 35 1’4— 3 B ARG w3}
et

(1) YAaANZE RAE7] dole FHaEehdEol
58 kel Ulilxl FepA R, YAATE B

h=y [e]
z2e 3¢ o

S & AT
(2) YAAN = HAH3ts A& A, T35 &
Al 2. 18 o 2§98 #s Yehga,
A AAF2ES T A48 A, AAsE
g AHY 1,38 9 2 85 YT
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