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ABSTRACT

The Wind turbine is a Machine which produces electricity by using Kinetic energy of the wind and convert to
mechanical energy. There are many mechanical components involves such as blades, hub, Nacelle etc. Transportation of
wind turbine components is a very critical process due to its large size and weight which to be handled with precaution.
This paper deals with the transportation of wind turbine nacelle transport frame from manufacturing site to erection site.
Road conditions in India have many bumps and uneven road surfaces which cause sudden impact and vibration are two
major factors which have a direct effect on a nacelle is being transported by road. The vibration that occurs in Nacelle
structures and its transport frame is undesirable, not only because of the resulting unpleasant motions, noise and dynamic
stresses which may lead to fatigue and failure of the structure. The result of the vibrational condition causes damage to
nacelle bed frame. The Nacelle bedframe with transport frame is taken in the consideration and checked for its
performance for road vibration condition. A transport frame model with a bed frame and yaw top is modeled using 3D
software Pro/Engineer wildfire 5 and Analyzed using analysis software code called Ansys Workbench 16. It is usually
much easier to analyze and modify a structure at the design stage than modify a structure with undesirable vibration
characteristics after it has been built. For the damages caused to a wind turbine nacelle bed frame due to random vibration,
the operating frequency of the existing transport frame was modified and dynamic analysis has been performed to prevent

such damage.
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1. INTRODUCTION

The Nacelle is an enclosure which contains the
electrical and mechanical components, namely bed frame,
gearbox, main shaft, brake, speed and direction monitor,
yaw mechanism, generator etc. [12]. A wind turbine
nacelle of 1.5 MW can be weight of about 80 tonnes and
to ship such a heavy load product is a massive task. A
typical nacelle assembles at the site of the production,
mounted on a transport frame and it is transported by a
vehicle to an erection site of a wind turbine.

During transportation of product, hazards vary
based on the mode of transportation [8]. Transportation on
the roads might cause vibration based on the speed of
travel, road conditions [2, 3]. The other major factor that
contributes to damage during transportation is the effect of
G - force and shock.

This investigation regards when the nacelle is
mounted on existing transport frame, it was observed that
the toppling condition occurs, this is due to the fact that
centre of gravity of the nacelle lies outside of the transport
frame. When the frictional forces and rotational moments
are involved, there is often the possibility than an object
could topple.

Initially on designing, the centre of gravity of a
nacelle component lies inside the transport frame and it
was nearer to the main shaft side. Due to manufacturing
variation and installation of alternative components, centre
of gravity of nacelle component shifted away from the
transport frame and it was towards generator with the
result that a overturning moment develops. In order to
overcome this problem transport frame was modified with
extension by considering the centre of gravity of the
nacelle to lie inside the transport frame. The transport

frame was modified to “I” cross section because it will
have more moment of inertia when compared to “C” cross
section. So, it can able to sustain more axial load when
compared to C section.

During transportation, the vibration that occurs in
Nacelle structures and its transport frame is undesirable,
the dynamic stresses which may lead to fatigue and failure
of the structure. The results of the vibrational condition
cause damage to the nacelle. The resonance occurs causes
initiation of crack on a nacelle bed frame which is made
up of ductile cast iron (GGG 40.3). The stress intensity of
the bed frame material is greater than the fracture
toughness value of the material which may lead to
unstable fracture [7, 10]. There are two issues that control
the amplitude and frequency of vibration in a structure,

1. The excitation occurs, 2. The reaction of the
structure to that certain excitation. Changing either the
excitation or the dynamic characteristics of the structure
will change the vibration stimulated [13]. The response of
the structure to excitation depends upon the method of
application and the location of the exciting force or
motion, and the dynamic characteristics of the structure
such as its natural frequencies. To modify the natural
frequency of a structure, change either the stiffness or the
mass [11]. Increasing the mass or lowering the stiffness
will lower the natural frequency. In order to change the
frequency of the system, the design of the existing
transport frame has been modified by varying its cross
section and also with the introduction of shell. The shell is
made up of S355 material. The modified design of the
transport frame with extension and shell was analyzed to
check whether the design was safety, the natural frequency
of the system was reduced and stress induced on the
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Nacelle bed frame was reduced, which doesn’t cause crack Width, W=3112 mm
to initiate on the bed frame. ShellOuter diameter =2712 mm
Thickness =16 mm
2. BASIC DIMENSION OF TRANSPORT FRAME Length = 844mm
Material of the modified Transport frame  =Structural
a. Existing transport frame Steel 355
Dimension of C section =200 mm * 200 mm * 7.5 mm Total Nacelle weight = 80,000 kg
Length actual, L=3180 mm Bed Frame Weight = 14 tonnes
Width, W=3112 mm Yaw Top Weight = 3 tonnes
COG of nacelle from axis = 2489 mm
b. Modified transport frame Nacelle weight except its bedframe and Yaw top = 63,000
Dimension of I section =200 mm * 200 mm * 9 mm kg
Length actual, L =4900 mm

Table-1. Material properties.

Yield Tensile Densi Youngs
Components Material strength strength K /mgy Modulus
N/mm? N/mm? & N/mm?

Nacelle Bed | 556403 240 400 7100 1.69%10°

frame
Yaw Top Forged 310 565 7870 2%10°
Steel
Transport Frame 8355 355 630 7850 2.1*10°

The material properties of Nacelle bed frame b. Modified transport frame
Yaw top and transport frame as shown in Table-1. The
fracture toughness value of the material GGG 40.3 was 30
Mpa\/m.

3. CAD MODEL

a. Existing transport frame

Bed Frame Figure-2. Modified transport frame.

Figure-1. The assembly view of existing transport frame
model with bed frame and yaw top.

The existing transport frame with a bed frame and
yaw top is modeled using 3D software Pro/Engineer
wildfire5. The assembly view of the existing Transport
frame model with a bed frame and yaw top as shown in
Figure-1.

Figure-3. The assembly view of modified transport frame
model with bed frame and yaw top.

The modified transport frame is modeled as
shown in Figure-2 and the assembly view of the existing
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Transport frame model with a bed frame and yaw top as
shown in Figure-3.

4. MESHING OF TRANSPORT FRAME

The finite element method (FEM) is a numerical
technique for finding approximate results of boundary
value problems. The meshing of transport frame with a
bed frame and yaw top is done in Ansys Workbench 16 as
shown in Figures 4 and 5. The mode used for meshing is
tetrahedrons surface meshes. The size of elements is set
aside as minimum as possible in order to get the exact
results. The meshed existing transport frame model with a
bed frame and yaw top has 334800 nodes and 1497663
elements while the modified model has 349861nodes and
1502834 elements.

Figure-4. Meshing of existing transport frame.

Mesh
21012017 16:03

Figure-5. Meshing of modified transport frame.

5. BOUNDARY CONDITION

The total Nacelle weight except its bedframe and
yaw top of about 63,000 kg is given as a point mass at the
center of gravity of Nacelle. The Transport frame base was

fixed and standard earth gravity 9.81m/s? is to be applied
in a downward direction.

D:CASED
Static Stractara
Time: L3
012007 600

B Pire s
B Fec Support
Standard Eatth Grvity: 0066 m

Figure-6. Boundary condition and load.

In the Figure-6 point A represents the point mass,
B represent the fixed support at the base of the transport
frame and C represents the standard earth gravity of about
9.81m/s%.

6. RESULTS AND DISCUSSION
A. Static analysis

a. Existing transport frame

B:CASEA

Total Deformation
Type: Total Deformation
Unit; mm

Time: 1
L1 1159

0.46044 Max
0.40928
03512
0.306%6
0253
0.20464
0.15348
0.10232
005116
0Min

Figure-7. Total deformation on existing model.
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B:CASEA
Equivalent Stess
Type: Equivalent on-Mises) Sress
Unit: MPa
Time: 1
L2007 1246

115.21 Max

sl
0.00010978 Min

Figure-8. Equivalent stress on existing model.

b. Modified transport frame

D:CASED
TotolDeformation
Type: Total Deformation
Urit:

Tirme: 1
L1 161

0.46233 Max
0.410%6
0.35959
0.30822
0.25685
0.20548
0.15411
0.10274
0.05137
0 Min

Figure-9. Total deformation on modified model.

D:CASED
Equivalent Stress
Type: Equivlent (von-Mises) Sress
Unit MPa

Time: 1
701017 1632

54822 Max
LEAEN

4264

36,548

30437

24366

18274

2183

6.0914
1.7284e-5 Min

z
¢
¥

Figure-10. Equivalent stress on modified model.

Figures 7-8 represents the maximum deformation
of about 0.46 mm and maximum stress of about 115 MPa
occurs on the existing transport frame model. While
Figures 9-10 shows that the maximum deformation of
about 0.46 mm and maximum stress of about 54.82 MPa
occurs in a modified transport frame during static
structural analysis and also stress occurs in a Nacelle bed
frame was less on modified model when compared to
existing model.

B. Modal analysis

Modal analysis is used to determine the dynamic
behavior of a body under vibrational conditions and the
corresponding natural frequency is determined [5, 9].

For the modal analysis of the frame the boundary
conditions are given as fixed support and point mass. It is
not required to give acceleration due to gravity. The modal
analysis is carried out on existing model and modified
model.

Table-2. Results of modal analysis of existing model.

Mode Frequency(Hz)

1 21.802

23.909

41.859

120.84

159.81

|| B [W]N

176.1

Figure-11. Second mode shape of existing model.

Table-3. Results of modal analysis of modified model.

Mode Frequency(Hz)

1 17.391

18.851

34.346

77.885

107.79

(o3 BLV, T I SN BROS B I NS

137.1
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B: Modsl

Total Deformation

Type: Total Deformution

Frequency: 1LESLHT

ez e

21002000 151
11177 Max
1199355
0046836
n.orasie
[
0043670
[FHET
0024839
0002419
0 Miin

Figure-12. Second mode shape of modified model.

Tables 2-3 represent the natural frequency of the
structure on existing and modified model. The natural
frequency of the existing model in y direction is about
23.9Hz, which was reduced to about 18.8Hz on modified
model. Figures 11-12 shows that mode shape of existing
and modified structure in y direction.

C. Harmonic analysis
Harmonic response analysis helps to predict the

sustained dynamic behavior of the structure, and it enables
to verify whether the design will successfully overcome
resonance, and other harmful effects of forced vibrations.
For the harmonic analysis of transport frame the boundary
conditions are given as point mass and the acceleration

due to gravity.
a. Existing transport frame

[ Harmanic Response
Total Deformation
Type: Total Deformation
Frequency: 180, He
Sweepng Phase: 1L *
Uitz mm
1-00-2017 148

03565 Max

(& 1+

(310 ]

023065

1832

L1519

011565
wmn
(150 0]
DLO00G5627 Min

Figure-13. Total deformation on existing model.

Ampiitutn ()
& 3

Figure-14. Frequency response on existing model.

b. Modified transport frame

0 Har monic Responde.
Tatal Difeematces
Type: Tatal Deformation
Frequensy: 148, H
Sweeging Phase 0"
Uit s
A0 1527

LTI Max

027152 L
i

BIMGE
1FEFY
LATE:H]
010893
st
BIMLL
O00T1RA Min

Figure-16. Frequency response on modified model.

From the Figures 14 and 16, it is clear that first
peak occurs at a frequency of about 23.2 Hz on existing
frame, whereas it was reduced to about 17.5 Hz on

modified frame.
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D. Random vibration analysis

A Power Spectral Density (PSD) is used to
measure signal power intensity in a frequency domain [4,
6]. In other words, it indicates at which frequency
variations are strong and at which frequency variations are
weak. The unit of PSD is energy (power density in G*/Hz)
versus frequency (Hz). Singh et al. [1] have measured the
vibration levels in the truck when a heavy load is
transported over major routes. The data measured and
analyzed truck transport vibration for the major freight
distribution routes using PSD for vertical modes are given
as an input excitation at the base of the transport frame.

a. Existing transport frame

C: Random Vibration

Directional Deformation

Type: Directional Deformation(Y Axs)
Unit: mm

Solution Coordinate System

Time:

0.48959 Max
0.43519
0.36079
032639
0.27189
0.2176

0.1632

0.1068

0.054399
0 Min

Figure-17. Total deformation on existing model.

C: Random Vibration
Equialent Stress 2
Type: Equivalent Stress
Unit: MPa

Tirme: 0

50.294 Max
a5

39.381
33762
8,143
22525
16.906
11287
5.668
0.049142 Min

1

z

Figure-18. Stress on Nacelle bed frame when transported
on existing transport frame.

Response PSD {mm?/Hz)

Fregquency (Hz)

Figure-19. Frequency response PSD curve
of existing frame.

In the existing model, the natural frequency of
the structure vibrate at the same frequency of the vehicle
at which maximum amplitude occurs in the frequency of
about 22 Hz as shown in Figure-19, results resonance
occurs. These random vibrations cause dynamic stress
occurs and maximum stress occurs on the Nacelle bed
frame was 50.29Mpa as shown in Figure-18, the stress
intensity occurs in Nacelle bed frame material during
transportation on existing transport frame is greater than
the fracture toughness value of material leads to initiation
of crack on the Nacelle bed frame during transportation.

b. Modified transport frame

C: Random Vibration

Directional Deformation

Type: Directional Deformation(Y Axis)
Unit: mm

Solution Coordinate System

Tirme: 0

Figure-20. Total deformation on modified model.
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C: Random Vibration
Equivalent Stress 2
Type: Equivalent Stress
Unit: MPa
Tirme: 0

17.261 Max

15.344

13.428

11511

9.5051

1.6788

5.7624

38461

L9297

0.013328 Min

= |

Figure-21. Stress on Nacelle bed frame when transported
on modified transport frame.

Response PSD {mm?/Hz)

1 5 1 e n [ 106 0

Frequency (Hz)

Figure-22. Frequency response PSD curve of
modified frame.

In the modified model, total deformation occurs
on the Nacelle bed frame was 0.45 mm as shown in
Figure-20. The natural frequency of the system was
reduced to about 18 Hz and stress induced on the Nacelle
bed frame was reduced to about 17.26 MPa by random
vibration analysis as shown in Figure.21-22.The stress
intensity on Nacelle bed frame material was less when
compared to its fracture toughness value which doesn’t
cause damage to the Nacelle bed frame during
transportation.

7. CONCLUSIONS

The nacelle is mounted on a transport frame and
it is transported by a vehicle to an erection site of a wind
turbine. During transportation of Nacelle over the existing
transport frame, large displacement and stress mainly
concentrated on the nacelle bed frame by vibration stress
and displacement. The resonance occurs causes initiation
of crack on a nacelle bed frame which is made up of
ductile cast iron (GGG 40.3). The stress intensity of the
bed frame material is greater than the fracture toughness

value of the material which may lead to unstable fracture.
To modify the natural frequency of a structure, the design
of the existing transport frame has been modified by
varying its cross section and also with the introduction of
shell. The shell is made up of S355 material. It is
beneficial due to its high strength and suitable for heavy
material transportation. Structural analysis is performed to
predict the structural stability and design safety. Modal
analysis is performed to identify the natural frequency of
the transport frame and continuation of harmonic analysis
was performed. The modified transport frame had been
analyzed by random vibration, the frequency of the
structure is reduced to about 18 Hz and the stress on
nacelle bed frame is very low of about 17.26 MPa, which
is less than the fracture toughness which doesn’t cause
damage to nacelle bed frame. The results of analysis of
existing and modified model are mentioned in the below
Table 4-6.

Table-4. Static structural analysis of existing and
modified model.

RESULTS Existing Modified
model model
Displacement(mm) 0.46 0.46
Stress (MPa) 115 54.82

Table-5. Harmonic analysis of existing and
modified model.

RESULTS Existing Modified
model model
Displacement(mm) 0.345 0312
Frequency Response (Hz) 232 17.5

Table-6. Random vibration analysis of existing and
modified model.

RESULTS Existing Modified
model model
Displacement(mm) 0.489 0.455
Stress on Bed frame (MPa) 50.29 17.26
Frequency Response (Hz) 22 18

REFERENCES

[1] Singh S.P., Sandhu A.P.S., Singh J., Joneson E.
Measurement and Analysis of Truck and Rail
Shipping  Environment in India.
Technology and Science. 20, pp. 381-392.

Packaging

[2] Rissi G.O., Singh. S.P., Burgess, Gand Singh. J. 2008.
Measurement and analysis of truck transport
environment in Brazil. Packaging Technology and
Science. 21(4): 231-246.

4695



(3]

(4]

(3]

(6]

(7]

(8]

(9]

VOL. 12, NO. 16, AUGUST 2017

ARPN Journal of Engineering and Applied Sciences
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved.

www.arpnjournals.com

Vanee Chonhenchob, Sher Paul Singh, Jay Jagjit
Singh, Sukasem Sittipod. 2010. Measurement and
Analysis of Truck and Rail Vibration Levels,
Packaging Technology and Science.

Santhosh M. Kumar. 2008. Analyzing Random
Vibration Fatigue. ANSYS advantage. 2(3).

Wang Hai-fei, Jia Kun-kun and Guo Zi-peng. 2014.
Random vibration analysis for the chassis frame of
hydraulic truck based on ANSYS. Journal of
Chemical and Pharmaceutical Research. 6(3): 849-
852.

Won-Sik Choi, Pandu Sandi Pratama, Destiani
Supeno, Ji-Hee Woo, Eun-Sook Lee, Sung-Won
Chung, Chun-Sook Park. Dynamic vibration
Characteristics of Electric Agricultural Vehicle based
on Finite Element Method.2017.Global Journal of
Engineering Science and Researches. ISSN 2348-
8034.

Mehdi Shirani, Gunnar Harkegard. 2014. A review on
fatigue design of heavy section EN-GJS-400-18-LT
ductile iron wind turbine castings. Energy
Equipsys.vol.2.

Terje Andreas Mathisen, Susanne Gaup Moan. 2013.
Intermodal transport of windmills. Transportation
Research Procedia. 1, 197-205.

Chandrasekar. M, Premraj. R, Palpandi. K. 2016. A
Review on Design Modification and Analysis of
Chassis Frame. South Asian Journal of Engineering
and Technology. 2(22): 47-52.

[10]Jackson. W.J. Fracture Toughness in relation to Steel

castings design and application.

[11]Richard Smith, RL Smith Engineering, Newmarket,

New Hampshire. Changing the effective mass to
control resonance problems.

[12]Wind Turbine Paper. 2012. AIMU Technical Services

Committee.

[13]Beards. C.E. 1996. Structural Vibration: Analysis and

Damping.

ISSN 1819-6608

o

4696



