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Application of advanced design concepts in the design of wind farms

Yuhua Wang' 8, Xiangdong Zhu ?®, Huaikong Zhang!, Dezheng Ning?, Yulei Jin?,
Shouyuan Fan!

1 China Energy Engineering Group Yunnan Electric Power Design Institute Co.,Ltd., Kunming
650051, China

2 Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology,
Kunming 650093, China

2ynedwyh@sina.com, ®mcloud2028@foxmail.com
Abstract

With the increase of wind farm construction scale and renewable energy development
requirements need to change the design concept,this paper presents the design of advanced
work ethic,these ideas have been repeatedly used in wind farm design,in order to save a lot of
construction investment,improve the power generation efficiency.
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1. Introduction

2014,China's wind power industry to continue to maintain strong growth momentum, annual new
wind power installed capacity of 19.81 million kilowatts, a record new capacity,and net cumulative
installed capacity reached 96.37 million kilowatts, accounting for 7% of total electricity generation
capacity, accounting for 27% of global wind power installed capacity. 2014 wind power 153.4 billion
kwh of electricity, accounting for 2.78 percent of all electricity generation. According to the latest
national "Thirteen Five" development planning requirements, "Thirteen Five" plan will dilute the
installed capacity of wind power target, focusing adjustment policies, and focus on resolving the
subsidies, abandoned wind power rationing problem. "Thirteen Five" is the key to the transition, into
the new normal economy, energy will be transferred to the new norm. At the national energy
authorities opinion, the next five years in renewable energy development to achieve two major
changes: the high subsidies dependent mode to the low subsidy improved competitiveness paradigm
shift, and change the scale expansion to quality and efficiency of development.

This requires the wind farm design, the need to fine direction, as far as possible to improve the design
quality of wind farms, save investment and improve power generation.

Wind farm project mainly to meet the transport wind turbines,installation and running for 20 years as
the main design principles. The main design includes several large section contains the booster station,
wind farm site road,lifting platform, fans and me change basis,35kV collector lines and cable and
other communications. In a specific design, in strict compliance with national laws and planning,
strict compliance with national and the power industry design rules, norms and standards,and in strict
accordance with contract requirements to optimize the design, satisfy the requirements of the project.

2. advanced design concepts

2.1 wind turbine foundation design

In the wind turbine foundation design, since the IECS class fans, load larger loads through the use of
advanced analytical methods and finite element analysis software of detail, targeted to enhance the
structural strength of the weak node design, optimized overall basis.

According to "The wind turbine foundation design requirements,” wind turbine foundation design
calculations and checking the following:
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(1) The calculation of foundation bearing capacity; (2) checking the soft underlying layer; (3) the
basis of stability against sliding, overturn stability of computing; (4) the basis of settlement and tilt
deformation calculation; (5) Basic width of crack ; (6) Basic (pile) internal forces, reinforcement and
material strength checking;

After analysis, wind power base belonging to withstand large bending moments,high torque structure,
infrastructure against overturning, anti-slip base disengagement situation demanding;

In connection with the wind turbine foundation design basis of the ring, it has been designed based on
focus and key points, for detailed analysis carried out by using the more popular abroad finite element
software, targeted to enhance the structural strength of the weak node design, optimized overall basis.
Preliminary analysis of the results of the finite element software, there is a large base ring
surrounding the pulling stress, and stress the rest is relatively small, and thus the foundation
reinforcement ring surrounding the situation, is the key point where the entire infrastructure.

Fig. 1 Basis optimizing structure diagram

2.2 collector circuit design

Collector lines flexibility to use a single, double loop erected manner, effectively saving the line
channels, thereby enhancing the economy. Communication line using ADSS and OPGW
combinations.

For the wind farm collector lines with respect to the internal particularity general transmission line,
the project must follow the following design principles:

1) If a T junction more, resulting in full-line gear more isolated in the design process to pay attention
to the problem in isolation stalls relax;

2) outlet direction of the box changes should choose the opposite side of the main platform, lifting to
avoid interference with the fan;

3) During the measurement, pay attention to the direction of the outlet box changes elevation and
platform drilling platform, with the fill side;

4) fan blades longer because, in the design process to control the main circuit at 20 meters distance
from the platform outside;

5) wind farm road transport more towers need to avoid road position, when crossing the road, the line
should be greater than the distance from the ground five meters , to meet the transport requirements of
the wind farm;

6) According to the conductor economic current transmission capacity,6 wind turbines of the
following branch selection LGJ-95/20 wire, |, Il back to the main selection LGJ-240/30 wire;

7) communication line by line packet transmission is divided into two back;

8) due to fan communication for a double closed loop communications network, in a wind
farm,ADSS optical cable communication lines using two loops of 16 and 17 respectively in series
wind turbines to the booster station communications room.

2.3 road and platform design

In the design of the road, take the design principles consistent with the engineering characteristics
meet the engineering needs of the curve widened for special design, road construction disturbance of
soil and water as little as possible and destroy vegetation, thus saving investment.
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1) Since the special nature of the passage of the vehicle (eg: blade length 40.3m,main transformer
weighs about 120t),routes in this paragraph refer to "Road Engineering Technical Standards"
(JTGBO01-2003) and "factories, mines and road design specifications” (GBJ22-87 ) combined with
the size of the fan and blower equipment transportation equipment vehicles on the basis of relevant
standards designed special circumstances, generally by 10% longitudinal control, regional and
special sections control in less than 12.5%,partial sections particularly difficult to control within 14%.
The minimum turning radius of 35m,20m radius using local difficult road, turn widened widened
transition mode is linear, when the inside of the flat curve radius greater than 50m embankment
widened.

2) If the main highway located in the mountains, along the geological structure in
sandstone,mudstone, cut side slope of 1: 0.5 to 1: 0.75 slope, depending on the excavation site to
determine the geological conditions, should also be common on the slope and geological staff
Stability was evaluated to determine whether it needs additional processing mode, for processing the
scene to make a decision based on the actual situation. Excavation ditch rectangular section mortar
rubble drains, section size 0.5mX0.5m.

3) fill slope set 1: 1.5 and 1: 1.75 levels, the height difference every time 8m set up a chipping station.
Set mainly in the subgrade retaining wall of gravity shoulder the main principles taken the slope is
greater than the set when filling height 5m,when the original ground wire directly to fill more gentle
consideration. Also, to ensure the stability of the excavation at Embankment, local surface slope is
greater than 25% of geological stairs, step by 1m width settings.

4) In the design of the fan platform, adopted a platform compact arrangement, according to local
conditions shape the platform design, all lifting platforms are designed to be based on the actual
terrain of irregular shape, to meet the lifting requirements of the premise, to minimize the lifting
platform area. According to the irregular shape of the terrain settings, in particular to reduce the large
number of fill.

2.4 micro-site design

The micro-site, depending on the degree of concentration of the dominant wind direction, and
breaking ranks conventional spacing, full use of wind energy resources.

Our institute in the design methods and design solutions made some exploration and innovation, crew
selection and design of micro-siting, particularly in. Unit selection ideas, from the original overall
review, to our institute proposed a separate review for each wind turbine, in security to meet the
conditions, as far as possible with a long blade models, gradually extended and become the
mainstream in 2013 ~ 2014.

Micro-siting of the method is no longer a fixed 3D pitch to fan arrangement, but consider the effect of
wake turbulence, and gradually formed the advanced experience in complex terrain altitude wind
farm site, at present, about fan arrangement specification being updated, also verified the 2012
proposed design ideas.

3. Project Application Examples

The above design philosophy applied to the design of our institute multiple wind farms, especially in
Dali a project, the project installed capacity of 148.5MW,put into operation since 2012,each phase of
the project equivalent number of full load hours are more than 3500h 2014 Engineering-hour average
equivalent number of years to reach 4000h.

At the time of project construction, well implemented site design intent,posted a site-work, timely
solutions to design problems in the construction process and participate in project acceptance, to
ensure that the on-site implementation of practical philosophy.

After three years of running the verification, excellent indicators of wind farms, with a demonstration
effect of high altitude mountain wind farms. Full 2-year project put into operation, the unit works
well,its power generation capacity in 2013 translated into full load utilization hours reaches
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3820h,2014 its generation capacity are translated into full load utilization hours reaches 4050h,the
number of hours the Internet in the country and the world large-scale wind farm in the top.

In a subsequent plurality of wind farms in the institute these design concepts applied to wind farm
design, and achieved good results.

4. Conclusion

Wind farm design, the design requires not only reasonable and feasible, but also to design excellence,
to save investment and improve efficiency purposes, thereby changing the mode of development of
renewable energy.
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