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ABSTRACT

A bus duct system for wind tower is introduced. A marine cable has been widely used in wind

tower or various offshore structures. However, as the electric load capacity is increases, large number

of cable lines must be used to cover the huge amount of electric capacities.

Therefore, the in-

stallation of the cable lines becomes very difficult due to the heavy weight and volume of the

cables. On the other hand, by using a single bus duct system line, the power capacity amount of 16

cables can be delivered with significantly compacted form. However, unlike flexible cables, the bus

duct is relatively stiff which could generate the resonance phenomenon in the operating condition of

the wind tower. In this study, the vibration characteristics of the bus duct are investigated and its

long-term reliability during the life time of the wind tower is verified.
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(a) Cable installation

(b) Bus duct installation
Fig. 1 Cable & bus duct installation
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(b) Busduct array

(a) Cable array
Fig. 2 Power distribution for cable & bus duct

Aluminum housing coated

Plug-inbox -
with paint

Fig. 3 Bus duct line & plug-in box
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fr: Maximum rotational speed of the rotor
in normal operation
fonr : First natural frequency of the tower

frm : Blade passing frequency of m rotor blades

fon : n-th natural frequency of the tower
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Wind power Generation

Marine Cable

Busway system

Marine Cable
Transformer

Fig. 4 Schematic installation of bus duct
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Fig. 5 Damper-support installation system

Table 1 Vibration durability test for bus duct system

No Item

1 IACS UR EI0 test item No. 7

2 2Hz to 13.2 Hz with amplitude 1 mm
3 13.2 Hz to 100 Hz with acceleration 0.7 g

Amplification factor (Q) should be less than
10 to prevent resonance damage

5 90 min excitation at each resonance frequency

Fig. 6 Bus duct installation on tower section
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2.3 RANE YTHS
(1) IBC 2003/ASCE 7-02 requirement'”
2 2
Sps ngaSs’ Spi :§FvSl @
F,, : Acceleration on based coefficients

Sy : Mapped spectral response 0.2sec period
S; : Mapped spectral response lsec period

2 2)elA 02sec 2 Isecoll A HurMEEe
2.56 g¢F 1.24 golal AWHAIFE 242 13} 152 7}
Ak A ()5 vt ol 18 ¥ 4 Qitk

Sps :§><1><2.56g =1.71g,
5 3)
S =g><l.5><l.24g=l.24g
2 3)olM BE AXY IBC 2003 7|59 Ho)
AWalEe Z47F 1.71 g9 1.24 g2 7R = ok
ThA] IBC Code % Section 1621.1°] B H7E
o oigk WXHZF 710l AAIE=E o3 T
ASCE 7-02¢} d7A|Ho] th&9] Aom Fdr)

0.4a,8, W,

F, = P42
R, /1, +22) @)

P

Fp : Seismic design force

ap, : Amplification factor (1~2.5)

W, : Components operating weight

Rp : Response modification factor that varies from
1.0 to 5.0 (2.5)

Ip : Components importance factor that is either
1.0 or 1.5 (1.5)
z : Highest point of equipment in a structure

relative to grade elevation
h  : Average roof height of structure relative to
grade elevation
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(2) GR-63 requirementm
GR-63 1AL ml= SAVH] YiZlqtA o
Hz T3k diejoll A o) 509 ks 2=tk

(3) IEEE 693 Seismic Requirement
Figs. 7, 82 GR-63 % IEEE 693 CodedllA] A|A]
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Zone 4
1 0.3 0.2
2 0.6 2.0
3 2.0 5.0
4 5.0 5.0
5 15.0 1.6
6 50.0 1.6
Fig. 7 GR-63 seismic standards
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Fig. 8 IEEE 693 seismic standards
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Fig. 10 FRF from resonance search tests
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% Aolth Fig 88 oleld U7l code® BF X MBS 92 XU 5 U AEE A4
Fal= AW A EHo|} o E3] 2009 10¥e] 2aw AFAEN] U
ZH WReT 2HEY T GR-63 10l 7MY 22 AT VFel AAF Uil A EYRE xgsie] )
A 7Y 10Hz o] FukE dieelds 3lak Alfd7lEe® sigith. Al A= IEEE 6939
IBC 2003/ASCE 7-02 2#Eflgle] Arjdo® = YA E71EQ] Table 29F 2tk
< Gl EAGtEE 50Hz o[l F3k W 9follA Fig. 10& Fig. 113} & XA xystelA o] F3
AN HATo|t), Table3xd 7z XWsko e
- = J}—,«‘“— X \gsie)
Table 2 Seismic test procedures per IEEE 693? 114, 319, 42.1Hz8] &2l 7HAH, Y.
}eko g = e
1. Receipt and inspection ; visual inspection = 142, 164 Hz, ZWL. 142, 57. 9 Hz®| 3Lt
]E/\E 3lo)slod Ald o 3k 7L Hieko] @&
2. Hi-voltage electrical testing ; (1000+2U) +5V(RMS) sTE Ilekith ddew 74 2]
for 60sec 5 XAt vk, 1,22k R 26.7/38,1 Hz=
3. Insulation resistance testing ; (IEC 60439)
4. Resonance sine sweep test 1~50Hz Table 3 Natural frequencies for 3-axis
1 1 1 0, 1 .
> tsrf-lzzzcl r;‘zlséo;fteft(i)rrlle 2/3/4 with 2% damping ; Resonant Damping Amplification
g freq.(Hz) factor(%) factor
6. Resonance search testing(Re) : Sine sweep Di 11.35/31.98 | 3.23/5.34/ 5.75/3.29/
-Dir.
7. Hi-voltage electrical testing(Re) /42.11 232 320
8. Insulation resistance testing(Re) Y-Dir. 14.16/16.36 8.19/8.58 4.18/4.30
9. Final inspection : structural failure, deformations etc. Z-Dir. 14.16/57.86 6.03/0.74 6.99/2.34
REedb  Absqus/Sf 7:33 OHT-HOP:00 2011 QDB: TT_Damper_RE odb 692 Thudi 14
2)\" EE}::;EUV-M- 28207, Freq= 26768  (cyclestime)
(a) Rigid-bending mode
©D8: TT_Damper_RE.odb  Abaqus/Standard 6.9-2  Thu Jul 14 17:17:33 GMT+09:00 201
j\x E:‘v: o sramn. freas 30167 (ycestine)
(b) Rigid-torsion mode
Fig. 11 Vibration mode for bus trunk duct
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