


Small Wind Turbine Evaluation


for Project _______________(provided by EPL)
1.
Wind Turbine Identification (provided by EPL)
	Wind Turbine Name:


	

	Overall Drawings:


	(number, revision)


2.
Report Identification

	Compiled by: 

(provided by evaluator)
	(name, date, signature)

	
	

	Reviewed by: 

(EPL or must be different from evaluator)
	(name, date, signature)

	
	

	Approved by:

(provided by CT Leader)
	(name, date, signature)


3.
Applicant Identification (provided by EPL)
	Company:


	

	Contact Person:
	


4.
Customer (if different from applicant) (provided by EPL)
	Customer (e.g., applicant, certification body):


	


5.
EPL Contact Information (provided by EPL)
	Evaluation Project Leader:


	(name, phone, email, address)


6.
Applied Standards (provided by evaluator)
	Standard #
	Title

	
	

	
	

	
	

	
	


7. Instructions

· Write any issues regarding the checklist questions under section 8, “Remarks.”

· Write any other related issues in section 8, “Remarks.”

· Whenever possible, link issues to a corresponding checklist ID.

· Where the design calculations cannot be checked step by step or where the method is not sufficiently reliable, alternative calculations should be carried out and described in remarks and/or in an additional annex.

· Briefly describe WT configuration modeled or tested and/or give unique identification in the Remarks.  

· Use the checklist and the Remarks section to express the design documentation’s degree of compliance with the requirements stated in the applied standards.

8. Remarks
Design Evaluation Checklist

Small Wind Turbines

KEY:

P ​​​– Element has been Pre-Reviewed and required information was present

NP – Element has been Pre-Reviewed and critical information was NOT present

A – Element had been evaluated and approved

N – Element had been evaluated and NOT approved

C – see comments (may be on following pages linked to ID number)

( - when checking cell containing this symbol see also the following question(s) which must be answered

	ID
	Question
	KEY:
	Comments

	1
	Identification of Standards
	
	

	1.1
	General
	
	

	1.1.1
	Is the rotor swept area smaller than 40 m2?
	
	

	1.1.2
	Are the applied standards in compliance with IEC 61400-22?
	
	

	1.1.3
	Are the applied standards clearly identified?
	
	

	2
	Identification of Wind Turbine
	
	

	2.1
	General
	
	

	2.1.1
	Does the wind turbine description accurately reflect the wind turbine to be certified (compare to DF02, Turbine Characteristics)?
	
	

	2.2
	Design Requirements
	
	

	2.2.1
	Are the considered external conditions equal or more severe than those specified by IEC61400-2, clause 3?
	
	

	2.2.2
	Are the considered external conditions clearly stated?
	
	

	3
	Control and Protection System
	
	

	3.1
	General
	
	

	3.1.1
	Is the combined control and protection system designed to be fail-safe?
	
	

	3.1.2
	Is the fail-safe design demonstrated by failure analysis or testing?
	
	

	3.1.3
	Does the protection system overrule the control functions?
	
	

	3.1.4
	Is the shut down (emergency) procedure safe for the whole operational wind speed range?
	
	

	3.1.5
	Are there measures against accidental or unauthorized adjustments of the protection system?
	
	

	3.2
	Yaw Control
	
	

	3.2.1
	Is the yaw system able to keep the WT aligned into the wind?
	
	

	3.2.2
	In case of active yaw, is the wind direction sensor constantly monitored in a proper way?
	
	

	3.2.3
	In case the power and other cables are twisted due to the yaw motion, is the cable over-twisting properly prevented?
	
	

	3.2.4
	Is the maximum yaw rate identified by measurements, simulations or through the control system setting?
	
	

	3.2.5
	In case of measurements, where the external conditions representative?
	
	

	3.3
	Power Limitation
	
	

	3.3.1
	Is the electrical power properly limited in order to not exceed the design limits for all reasonable combinations of external conditions and design situations?
	
	

	3.3.2
	Is the maximum power identified by measurements or simulations?
	
	

	3.3.3
	Is the power limitation based on a fail-safe design?
	
	

	3.4
	Speed Limitation
	
	

	3.4.1
	Is the rotational speed properly limited in order to not exceed the design limits for all reasonable combinations of external conditions and design situations? 
	
	

	3.4.2
	Is the maximum rotational speed identified by measurements or simulations?
	
	

	3.4.3
	Is the speed limitation based on a fail-safe design?
	
	

	3.5
	Braking System
	
	

	3.5.1
	Is the system able of bringing the rotor to rest or to an idling state from any operating condition?
	
	

	3.5.2
	Is the system able of keeping the rotor at rest or in an idling state under all external conditions given in IEC 61400-2, table 1?
	
	

	3.5.3
	Is the system designed to operate on a low-wear or no-wear principle?
	
	

	3.5.4
	If no, is the replacement of components subject to wear properly indicated in the maintenance plan?
	
	

	3.5
	Battery Charge Controller
	
	

	3.5.1
	Is the voltage range and minimum battery capacity of the batteries specified?
	
	

	3.5.2
	Is the voltage control appropriate to avoid damage of the batteries (over- and/or under-voltage)?
	
	

	3.5.3
	Is the maximum current properly limited to avoid damage of the batteries with battery capacity specified in 3.5.1?
	
	

	3.6
	Manual Stop
	
	

	3.6.1
	Is the WT equipped with a manual stop switch or button in a proper location (e.g. control board, tower base)?
	
	

	3.6.2
	By using the manual stop is it possible to bring the WT to stop or idling in the whole operational wind speed range?
	
	

	4
	Loads
	
	

	4.1
	Design Assumptions based on Measurements
	
	

	4.1.1
	Were the external conditions during the measurements representative for the required external conditions?
	
	

	4.1.2
	Are all design situations (IEC 61400-2, table 1) covered by the measurements?
	
	

	4.1.3
	If no, are the basic parameters (see 3.3.1) or the resulting loads properly predicted by calculations?
	
	

	4.2
	Design Assumptions based on Calculations
	
	

	4.2.1
	Is the wind turbine of the following type: rigid hub and cantilevered blades?
	
	

	4.2.2
	If no, are the loads calculated according to the method given in IEC 61400-1? (Use DF12 to assess this)
	
	

	4.3
	Loads Calculations
	
	

	4.3.1
	Are the following design assumptions in conformity with the measurement results?

· Rotor RPM (rated and max)

· Electric power (rated and max)

· Wind speed (rated)

· Yaw rate (max)
	
	

	4.3.2
	If no, are the assumptions reasonable and in conformity with IEC 61400-2?
	
	

	4.3.3
	Are the other parameters used (e.g. blade mass, blade center of gravity) within the tolerances specified in the drawings?
	
	

	4.3.4
	Are the loads calculated in conformity with IEC 61400-2?
	
	

	4.3.5
	Are all load cases given in IEC 61400-2, table 1 considered in the calculations?
	
	

	4.3.6
	Are all relevant additional load cases identified and considered in the calculations? (specific design)
	
	

	4.3.7
	Are the highest values for each of the loads (e.g. blade flapwise bending moment, centrifugal force) clearly stated in the document?
	
	

	5
	Structural / Mechanical Components
	
	

	5.1
	Blade
	
	

	5.1.1
	Are all loads from the load calculation (e.g. centrifugal force, flapwise bending moment) properly considered?
	
	

	5.1.2
	Are stress calculations carried out considering the following:

· Stress variations

· Stress concentrations

· Magnitude and direction of resulting loads

· Component dimensions

· Component roughness, surface treatment

· Type of load (bending, tensile, torsion, etc.)
	
	

	5.1.3
	If no, is the structural integrity verified by testing?
	(
	

	5.1.4
	If yes, are the blade static tests carried out applying the design loads magnified by the safety factor?
	
	

	5.1.5
	Are the safety factors applied in conformity with IEC61400-2, table 3?
	
	

	5.1.6
	Are the characteristic material values derived according to IEC 61400-2, clause 4.7?
	
	

	5.1.7
	Are the equivalent stresses in all points of the blade lower or equal the allowable values (characteristic value devised be the safety factor)?
	
	

	5.1.8
	In addition to the mass tolerances, are all critical tolerances (depending on the manufacturing technology) indicated on the drawings?
	
	

	5.1.9
	Are the materials used clearly indicated on the drawings?
	
	

	5.1.10
	Are the quality checkpoints indicated on the drawings?
	
	

	5.2
	Hub
	
	

	5.2.1
	Are all loads from the load calculation (e.g. centrifugal force, flapwise blade bending moment) properly considered?
	
	

	5.2.2
	Are stress calculations carried out considering the following:

· stress variations

· stress concentrations

· magnitude and direction of resulting loads

· component dimensions

· component roughness, surface treatment

· type of load (bending, tensile, torsion, etc.)
	
	

	5.2.3
	If no, is the structural integrity verified by testing?
	(
	

	5.2.4
	If yes, are the hub static tests carried out applying the design loads magnified by the safety factor?
	
	

	5.2.5
	Are the safety factors applied in conformity with IEC61400-2, table 3?
	
	

	5.2.6
	Are the characteristic material values derived according to IEC 61400-2, clause 4.7?
	
	

	5.2.7
	Are the equivalent stresses in all points of the hub lower or equal the allowable values (characteristic value devised be the safety factor)?
	
	

	5.2.8
	Are all critical tolerances (e.g. for the interface to the blades and shaft) indicated on the drawings?
	
	

	5.2.9
	Are the materials used clearly indicated on the drawings?
	
	

	5.2.10
	Are the quality checkpoints indicated on the drawings?
	
	

	5.3
	Control Actuators (e.g. pitch, yaw)
	
	

	5.3.1
	Are all loads from the load calculation (e.g. blade torsion moment, yaw moment) properly considered?
	
	

	5.3.2
	Is the structural integrity verified by testing?
	
	

	5.3.3
	If yes, are the hub static tests carried out applying the design loads magnified by the safety factor?
	
	

	5.3.4
	Are the safety factors applied in conformity with IEC61400-2, table 3?
	
	

	5.3.5
	Are the characteristic material values derived according to IEC 61400-2, clause 4.7?
	
	

	5.3.6
	Are the characteristic values of the mechanical components in compliance with the manufacturers recommendations?
	
	

	5.3.7
	Are all critical tolerances (e.g. for the interface to the blades and shaft) indicated on the drawings?
	
	

	5.3.8
	Are the materials and components used clearly indicated on the drawings?
	
	

	5.3.9
	Are the quality checkpoints indicated on the drawings?
	
	

	5.4
	Main Shaft
	
	

	5.4.1
	Are all loads from the load calculation (e.g. shaft bending moment, thrust force) properly considered?
	
	

	5.4.2
	Are stress calculations carried out considering the following:

· stress variations

· stress concentrations

· magnitude and direction of resulting loads

· component dimensions

· component roughness, surface treatment

· type of load (bending, tensile, torsion, etc.)
	
	

	5.4.3
	If no, is the structural integrity verified by testing?
	(
	

	5.4.4
	If yes, are the hub static tests carried out applying the design loads magnified by the safety factor?
	
	

	5.4.5
	Are the safety factors applied in conformity with IEC61400-2, table 3?
	
	

	5.4.6
	Are the characteristic material values derived according to IEC 61400-2, clause 4.7?
	
	

	5.4.7
	Are the equivalent stresses in all points of the shaft lower or equal the allowable values (characteristic value devised be the safety factor)?
	
	

	5.4.8
	Is it demonstrated that shaft deformations are within the limits required for the bearing, interface and/or gearing requirements?
	
	

	5.4.9
	Are all critical tolerances (e.g. for the interface to the hub, the bearings and gearing) indicated on the drawings?
	
	

	5.4.10
	Are the materials and heat treatments applied clearly indicated on the drawings?
	
	

	5.4.11
	Are the quality checkpoints indicated on the drawings?
	
	

	5.5
	Main Shaft Bearings
	
	

	5.5.1
	Is the bearing type recommended for the loading conditions of the application?
	
	

	5.5.2
	Is the bearing recommended for use in the intended environment?
	
	

	5.5.3
	Is the lubricant recommended for use with the selected bearing?  
	
	

	5.5.4
	Is the lubricant recommended for use in the intended environment?  
	
	

	5.5.5
	Is there supplier documentation on (load) bearing properties?
	
	

	5.5.6
	Is there supplier documentation on determining equivalent load?
	
	

	5.5.7
	Are the housing and support structure sufficiently rigid to prevent bearing distortion?  
	
	

	5.5.8
	Are the clearances within those recommended by the bearing supplier?  
	
	

	5.5.9
	Is the alignment within that recommended by the bearing supplier?
	
	

	5.5.10
	Is a manufacturer’s method for determining equivalent load applied correctly using the proper loads and safety factors? 
	
	

	5.5.11
	Is a manufacturer’s method for determining the bearing life used?
	
	

	5.5.12
	Is the calculated lifetime longer than the wind turbine lifetime?
	
	

	5.5.13
	If no, is the bearing replacement properly indicated in the maintenance plan?
	
	

	5.5.14
	Are lubrication procedures consistent with manufacturer’s and lubricant supplier’s recommendations? 
	
	

	5.5
	Gearbox
	
	

	5.5.1
	Are all static and fatigue loads from the load calculation (e.g. shaft torque, shaft bending moment) properly considered?
	
	

	5.5.2
	Are the gear and bearing types recommended for the loading conditions of the application?
	
	

	5.5.3
	Are the gears verified considering the following:

· pitting resistance

· bending fatigue resistance

· scuffing resistance

· life rating

· shaft stresses and deflections

· verification of splines and keyweys
	
	

	5.5.4
	Is the lubricant recommended for use with the selected gearing?  
	
	

	5.5.5
	Is the lubricant recommended for use in the intended environment?  
	
	

	5.5.6
	Are the housing and support structure sufficiently rigid to prevent bearing distortion or gearing displacement?  
	
	

	5.5.7
	Are the clearances within those recommended by the bearing supplier?  
	
	

	5.5.8
	Is the alignment within that recommended by the bearing supplier?
	
	

	5.5.9
	Is a manufacturer’s method for determining the gearing life used?
	
	

	5.5.10
	Is a manufacturer’s method for determining the bearing life used?
	
	

	5.5.11
	Are the calculated lifetimes longer than the wind turbine lifetime?
	
	

	5.5.12
	If no, is the replacement of the relevant components properly indicated in the maintenance plan or manual?
	
	

	5.5.13
	Are lubrication procedures and intervals indicated in the maintenance plan or manual? 
	
	

	5.6
	Generator
	
	

	5.6.1
	Is the generator designed for the expected mean and max power (see 4.3)?
	
	

	5.6.2
	Is the generator designed for the expected max rotor speed (see 4.3)?
	
	

	5.6.3
	Is the calculated lifetime longer than the wind turbine lifetime?
	
	

	5.6.4
	If no, is the generator or component replacement properly indicated in the maintenance plan or manual?
	
	

	5.6.5
	Is the shaft properly connected (e.g. using flexible joints)?
	
	

	5.6.6
	Are the mechanical elements designed for the loading and the application (see also 4.3)?
	
	

	5.6.7
	Is the generator properly designed for the considered environmental conditions (see 2.2.2, considering also additional housing)?
	
	

	5.7
	Nacelle Frame
	
	

	5.7.1
	Are all loads from the load calculation (e.g. shaft torque, shaft bending moment) properly considered?
	
	

	5.7.2
	Are stress calculations carried out considering the following:

· stress variations

· stress concentrations

· magnitude and direction of resulting loads

· component dimensions

· component roughness, surface treatment

· type of load (bending, tensile, torsion, etc.)
	
	

	5.7.3
	If no, is the structural integrity verified by testing?
	(
	

	5.7.4
	If yes, are the hub static tests carried out applying the design loads magnified by the safety factor?
	
	

	5.7.5
	Are the safety factors applied in conformity with IEC61400-2, table 3?
	
	

	5.7.6
	Are the characteristic material values derived according to IEC 61400-2, clause 4.7?
	
	

	5.7.7
	Are the equivalent stresses in all points of the nacelle frame lower or equal the allowable values (characteristic value devised be the safety factor)?
	
	

	5.7.8
	Are the nacelle frame deformations within the limits required for the component fixture and component alignment?
	
	

	5.7.9
	Are all critical tolerances (e.g. for the component fixture) indicated on the drawings?
	
	

	5.7.10
	Are the materials applied clearly indicated on the drawings?
	
	

	5.7.11
	Are the quality checkpoints indicated on the drawings?
	
	

	5.8
	Yaw System
	
	

	5.8.1
	Is the bearing type recommended for the loading conditions of the application?
	
	

	5.8.2
	Is the bearing recommended for use in the intended environment?
	
	

	5.8.3
	Is the lubricant recommended for use with the selected bearing?  
	
	

	5.8.4
	Is the lubricant recommended for use in the intended environment?  
	
	

	5.8.5
	Are the clearances within those recommended by the bearing supplier?  
	
	

	5.8.6
	Are the lubrication intervals indicated in the maintenance plan? 
	
	

	6
	Tower / Foundation Requirements
	
	

	6.1
	Tower
	
	

	6.1.1
	Are all loads from the load calculation (e.g. thrust force, rotor torque) properly considered?
	
	

	6.1.2
	Are the few lowest natural frequencies established by calculations or measurements?
	
	

	6.1.3
	Are the natural frequencies with tolerances given in the drawing?
	
	

	6.1.4
	Are dynamic amplifications properly considered?
	
	

	6.1.5
	Are the expected loads during installation and maintenance considered?
	(
	

	6.1.6
	If yes, are the related installation and maintenance procedures described in the relevant plan (see 7)?
	
	

	6.1.7
	Are stress calculations carried out considering the following:

· stress variations

· stress concentrations

· magnitude and direction of resulting loads

· component dimensions

· component roughness, surface treatment

· type of load (bending, tensile, torsion, etc.)
	
	

	6.1.8
	If no, is the structural integrity verified by testing?
	(
	

	6.1.9
	If yes, are the tower static tests carried out applying the design loads magnified by the safety factor?
	
	

	6.1.10
	Are the safety factors applied in conformity with IEC61400-2, table 3?
	
	

	6.1.11
	Are the characteristic material values derived according to IEC 61400-2, clause 4.7?
	
	

	6.1.12
	Are the equivalent stresses in all points of the tower lower or equal the allowable values (characteristic value devised be the safety factor)?
	
	

	6.1.13
	Are the tower deformations within the limits required for reliable WT operation?
	
	

	6.1.14
	Is there enough clearance between the loaded, displaced blade and any part of the tower?
	
	

	6.1.15
	Are all critical tolerances (e.g. for yaw system fixture, tower-foundation connection) indicated on the drawings?
	
	

	6.1.16
	Are torque instructions for all bolts and fastener-locking devices given in the drawings?
	
	

	6.1.17
	Is the tower designed to avoid accidental contact with moving parts (exceptions see IEC 61400-2, section 6.4)? 
	
	

	6.1.18
	Are the materials and corrosion protections applied clearly indicated on the drawings?
	
	

	6.1.19
	Are the quality checkpoints indicated on the drawings?
	
	

	6.2
	Anchors and Foundation Requirements
	
	

	6.2.1
	Are all loads from the load calculation (e.g. thrust force, wind load on tower) properly considered?
	
	

	6.2.2
	Are dynamic amplifications due to the tower flexibility properly considered?
	
	

	6.2.3
	Is the mechanical interface complete with all needed tolerances (e.g. bolt pattern, level, flatness and guy wire positions)?
	
	

	6.2.4
	Are torque instructions for all bolts and fastener-locking devices given in the drawings?
	
	

	6.2.5
	Are the materials and corrosion protections applied clearly indicated on the drawings?
	
	

	6.2.6
	Is the WT earth point indicated in the drawing?
	
	

	7
	Manufacturing, Installation and Maintenance Plans or Manuals
	
	

	7.1
	Manufacturing Plan or Manual
	
	

	7.1.1
	Is the manufacture and assembly process outlined in a proper detail?
	
	

	7.1.2
	Are the major required fixtures, tooling and equipment specified for each step?
	
	

	7.1.3
	Are the particular skills specified for the single steps?
	
	

	7.1.4
	Are the principal quality checkpoints specified for the single steps?
	
	

	7.1.5
	Are the checkpoints in conformity with supplier’s specifications and the design assumptions?
	
	

	7.1.6
	Are the descriptions of procedures and quality checkpoints for safety critical component purchasing enclosed?
	
	

	7.1.7
	If yes, are the descriptions clear and in conformity with the design assumptions?
	
	

	7.1.8
	Are there descriptions of quality recording and record keeping?
	
	

	7.2
	Installation Plan or Manual
	
	

	7.2.1
	Are the personnel safety issues addressed at the beginning and in a proper way?
	
	

	7.2.2
	Are the details of special tools, jigs and fixtures and other apparatus for safe installation specified?
	
	

	7.2.3
	Are the loads, weights, lifting points and special tools, in particular the hoisting devices specified?
	
	

	7.2.4
	Are the human resources and skills indicated?
	
	

	7.2.5
	Are the requirements for cranes, hoists and lifting equipment, including slings, hooks and other apparatus adequate for safe lifting?
	
	

	7.2.6
	Are checklists to confirm proper lubrication and pre-service conditioning of all components included?
	
	

	7.2.7
	Are critical fasteners, and procedures for confirming torque and other requirements included?
	
	

	7.2.8
	Is a set of installation drawings included?
	
	

	7.2.9
	Are the minimum requirements for foundation and anchor systems included?
	
	

	7.2.10
	Is a complete wiring and interconnection diagram included?
	
	

	7.2.11
	Are there descriptions of quality recording and record keeping?
	
	

	7.3
	Maintenance Plan or Manual
	
	

	7.3.1
	Are the safe operation limits, including start and shut down procedures described?
	
	

	7.3.2
	Are procedures for a functional check of the protection system included?
	
	

	7.3.3
	Are the subsystems and their operation described in sufficient detail?
	
	

	7.3.4
	Are the scheduled maintenance actions outlined in terms of type of action and intervals?
	(
	

	7.3.5
	If yes, are the actions in conformity with supplier’s specifications and the design assumptions?
	
	

	7.3.6
	Are the safety relevant operations identified with respect to OSHA?
	
	

	7.3.7
	Are the environmental critical points identified and protection measures defined?
	
	

	7.3.8
	Are the special tools, in particular the hoisting devices and platforms indicated?
	
	

	7.3.9
	Are the human resources and skills indicated?
	
	

	7.3.10
	Are there descriptions of quality recording and record keeping?
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