US Wind Energy Structures Guideline: 

Design and permitting requirements for large wind turbines

Standard development legend: 

Red = IEC 61400-1 sections applicable to Structures Group

Underline (any color) = Needs special attention by Structures Group (i.e. likely deviations)
Blue = New additions; 

Gray = Indirect issues to be adopted “as-is” from IEC 61400, or refined by Electrical Group, or 
to be reviewed by a 4th Subcommittee dedicated to “Systemic Document Review” or the like.
Green = Other changes by subcommittee members

Outline:
1. Scope
The US Wind Energy Structures Guideline references essential design requirements and establish processes that can be used to guide the design and approval process to achieve engineering integrity of wind turbines.  Its purpose includes:

•
Provide an appropriate level of protection against damage from all hazards during the planned lifetime, and

•
Advance permit process reliability and consistency by undertaking a consensus-based nationwide recognition of the relevant and appropriate design standards to be attained.   

This Guide is concerned with all subsystems of wind turbines that affect direct or indirectly the structural response of the system, including control and protection mechanisms, internal electrical systems, mechanical systems and support structures (tower and foundation).

This Guide applies to large wind turbines with rotor swept areas larger than 200 square meters.
This standard should be used together with the appropriate IEC, national and international standards mentioned in clause 3.

**2. Wind farm design and permitting process (Add this section)
This section will present and discuss the overall design and permitting process. {See preliminary diagram in the next page.  Illustration may include more than necessary, Feedback can be sent individually by email.  We will discuss in the net-meeting, come prepared with suggestions.}
(Text here to be added)

[image: image1.png]



Figure 1: Wind farm design and permitting process flowchart

2. Normative References (with deviations)
3. Terms and definitions (with deviations)
4. Symbols and abbreviated terms

5. Principal elements

5.1. General 

5.2. Design methods

5.3. Safety classes

5.4. Quality assurance
5.4.1. Certification agencies
5.5. Wind turbine markings (with deviations)
6. External conditions

6.1. General

6.2. Wind turbine classes (with deviations)
6.3. Wind conditions

6.3.1. Normal wind conditions

6.3.1.1. Wind speed distribution

6.3.1.2. Normal wind profile model (NWP)

6.3.1.3. Normal turbulence model (NTM)
6.3.2. Extreme wind conditions

6.3.2.1. Extreme wind speed model (EWM)

6.3.2.2. Extreme operating gust (EOG)

6.3.2.3. Extreme turbulence model (ETM)

6.3.2.4. Extreme direction change (EDC)

6.3.2.5. Extreme coherent gust with direction change (ECD)

6.3.2.6. Extreme wind shear (EWS)

6.4. Other environmental conditions
6.4.1. Normal other environmental conditions (with deviations)

6.4.2. Extreme other environmental conditions (with deviations)

6.5. Electrical power network conditions (to be specified by Electrical Group)

7. Structural Design

7.1. General

7.2. Design methodology

7.3. Loads

7.3.1. Gravitational and inertial loads

7.3.2. Aerodynamic loads

7.3.3. Actuation loads

7.3.4. Other loads

7.4. Design situations and loads cases

7.4.1. Power production

7.4.2. Power production plus occurrence of fault or loss of electrical network connection

7.4.3. Start-up

7.4.4. Normal shut-down

7.4.5. Emergency shut down

7.4.6. Parked (standstill or idling)

7.4.7. Parked plus fault conditions

7.4.8. Transport, assembly, maintenance and repair

7.5. Load calculations

7.6. Ultimate limit state analysis

7.6.1. Method (with deviations) (suggestions/discussion??)
7.6.1.1. Partial safety factors for loads and materials (with deviations)

7.6.1.2. Partial safety factor for consequence of failure and component classes (with deviations)

7.6.1.3. Application of recognized material codes (with deviations***)

7.6.2. Ultimate strength analysis (suggestions/discussion??)
7.6.2.1. Partial safety factors for loads

7.6.2.2. Partial safety factor for materials where recognized design codes are not available

7.6.2.3. Partial safety factor for materials where recognized design codes are available

7.6.3. Fatigue failure (suggestions/discussion??)
7.6.3.1. Partial safety factors for loads

7.6.3.2. Partial safety factor for materials where recognized design codes are not available

7.6.3.3. Partial safety factor for materials where recognized design codes are available
7.6.4. Stability

7.6.5. Critical deflection analysis

7.6.6. Special partial safety factors

8. Control protection system

8.1. General

8.2. Control functions

8.3. Protection functions

8.4. Braking system

9. Mechanical systems

9.1. General

9.2. Errors of fitting

9.3. Hydraulic or pneumatic systems

9.4. Main gearbox

9.5. Yaw system

9.6. Pitch system

9.7. Protection function mechanical brakes

9.8. Rolling bearings

10. Electrical system

10.1. General

10.2. General requirements for the electrical system

10.3. Protective devices

10.4. Disconnect devices

10.5. Earth system

10.6. Lightning protection

10.7. Electrical cables

10.8. Self-excitation

10.9. Protection against lightning electromagnetic impulse

10.10. Power quality

10.11. Electromagnetic compatibility

11. Assessment of a wind turbine for site-specific conditions

11.1. General 
11.2. Assessment of the topographical complexity of the site (deviations to be initiated by ??)
11.3. Wind conditions required for assessment (deviations to be initiated by ??)
11.4. Assessment of wake effects from neighboring wind turbines (deviations to be initiated by ??)
11.5. Assessment of other environmental conditions (deviations to be initiated by ??)
11.6. Assessment of earthquake conditions (deviations to be initiated by ??)
11.7. Assessment of electrical network conditions

11.8. Assessment of soil conditions (deviations to be initiated by ??)
11.9. Assessment of structural integrity by reference to wind data (deviations to be initiated by ??)
11.10. Assessment of structural integrity by load calculation with reference to site-specific conditions (deviations to be initiated by ??)
12. Assembly, installation and erection

12.1. General

12.2. Planning

12.3. Installation conditions

12.4. Site access

12.5. Environmental conditions

12.6. Documentation

12.7. Receiving, handling and storage

12.8. Foundation/anchor systems
**12.9  
Tower system

12.9. Assembly of wind turbine

12.10. Erection of wind turbine

12.11. Fasteners and attachments

12.12. Cranes, hoists and lifting equipment

13. Commissioning, operation and maintenance

13.1. General

13.2. Design requirements for safe operation, inspection and maintenance

13.3. Instructions concerning commissioning 

13.3.1. Energization

13.3.2. Commissioning tests

13.3.3. Records

13.3.4. Post commissioning activities

13.4. Operator’s instruction manual

13.4.1. General

13.4.2. Instructions for operations and maintenance records

13.4.3. Instructions for unscheduled automatic shutdown

13.4.4. Instructions for diminished reliability

13.4.5. Work procedures plan

13.4.6. Emergency procedures plan

13.5. Maintenance manual

Annex A: Design parameters for describing wind turbine class S

Annex B: Turbulence models

Annex C: Assessment of earthquake loading

Annex D: Wake and wind farm turbulence

Annex E: Prediction of wind distribution for wind turbine sites by measure-correlate-predict (MCP) methods
Annex F: Statistical extrapolation of loads for ultimate strength analysis

Annex G: Fatigue analysis using Miner’s rule with load extrapolation
Annex New: Compliance standards checklist for use by Authority Having Jurisdiction
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