

Control & Protection System 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:
	(name, phone, email, address)


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.
Documentation Considered for Evaluation (provided by evaluator)
	Doc ID # and Rev #
	Title

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


8. Instructions

· Write any issues regarding the checklist questions into the “Comments” column

· 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.

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

9. Remarks
Control & Protection System Checklist

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
	General
	
	

	1.1
	Is the documentation complete according to IEC 61400-22, annex A?
	
	

	1.2
	Are all main elements described by component specifications?
	
	

	1.3
	Are the components applied in conformity with the specifications?
	
	

	1.4
	Are all safety critical sensors provided with authentication of reliability?
	
	

	1.5
	Is the system designed so, that the protection system functions will not be compromised by manual or automatic interventions?
	
	

	1.6
	Are all devices for manual intervention clearly visible and identifiable by appropriate marking where necessary?
	
	

	1.7
	Are the settings of the control and protection system protected against unauthorized interference?
	
	

	1.8
	Is the system designed so that any single failure in the sensing or the activation parts of the control system will not lead to a malfunction of the protection system?
	
	

	1.9
	Are means provided for bringing the rotor to a complete stop from a hazardous idling state in any wind speed less than Ve1 (see IEC 61400-1 Ed.2)?
	
	

	1.10
	Does the disengagement of any emergency stop button following its use require an appropriate action?
	
	

	1.11
	Is the emergency stop button designed so that disengagement doesn’t result in restart and only permits restart?
	
	

	1.12
	Are emergency stop buttons provided at every major working place?
	
	

	1.13
	Does the protection system overrule the control system in case of conflict?
	
	

	1.14
	Is the automatic restart of the WT prevented in case where the shutdown was initiated by an internal fault or trip, which is critical to the turbine safety?
	
	

	1.15
	Is the control software sufficiently described (structure, language)?
	
	

	1.16
	Does the software release include approval and version control?
	
	

	2
	Control System
	
	

	2.1
	Design
	
	

	2.1.1
	Where selection of control mode can be exercised, for example for maintenance, is the control overriding all other control with the exception of the protection system and emergency stop button?
	
	

	2.1.2
	Is the mode selection governed by a selector, which can be locked in each position corresponding with a single mode?
	
	

	2.1.3
	When certain functions are controlled numerically, are access codes provided to appropriately select the function?
	
	

	2.2
	Control Algorithms
	
	

	2.2.1
	Is there a detailed logic flow chart giving an overview of the system and operation modes?
	
	

	
	Are the different modes of operation described in sufficient detail?
	
	

	2.2.2
	Is the yaw control algorithm described in sufficient detail (e.g. yaw rate, delay times, trigger conditions)? 
	
	

	2.2.3
	Is the pitch control algorithm described in sufficient detail (e.g. max pitch rate, delay times, PID-parameters, dead-bands)?
	
	

	2.2.4
	Is the generator control algorithm described in sufficient detail (e.g. delay times, torque vs. speed)?
	
	

	2.2.5
	Is the startup algorithm described in sufficient detail (e.g. pitch control, speed control, grid connection procedure)? 
	
	

	2.2.6
	Is the shut down algorithm described in sufficient detail (e.g. pitch control, speed control)? 
	
	

	2.3
	Control Parameters
	
	

	2.3.1
	Are all relevant operation limits specified (e.g. over speed, generator overload, excessive vibration, pitch angle error, yaw angle error, cable twist, minimum external temperature, maximum wind speed)?
	
	

	2.3.2
	Are all relevant operation limits in conformity with the General Wind Turbine Description?
	
	

	2.3.3
	When passing one or more operational limits are the consequential actions described?
	
	

	3
	Protection System
	
	

	3.1
	Is the protection system designed for fail-safe operation (demonstrated by analysis or testing)?
	
	

	3.2
	Are all non-redundant components of the protection system analyzed for ultimate strength, fatigue failure, and ultimate loads (see Strength Analysis document)?
	
	

	3.3
	Does the protection system include one or more systems (mechanical, electrical or aerodynamic) capable of bringing the rotor to a complete stop or to an idling state from any operation condition?
	
	

	3.4
	Is at least one of the systems above acting on the low speed shaft or on the rotor of the WT?
	
	

	3.5
	Is the emergency shut down behavior described in sufficient detail (e.g. pitch angle vs. time, brake torque vs. time, delay times)?
	
	

	4
	Fault Analysis
	
	

	4.1
	Are all probable single failures considered in the analysis and/or testing?
	
	

	4.2
	If there is a risk of dormant failures, are those combined with other single failures?
	
	

	4.3
	If two or more failures are interdependent or have a common cause are they treated as a single failure?
	
	

	4.4
	Are the probability and the severity properly considered in the analysis?
	
	

	4.5
	Do non safe-life components and systems fail to a safe condition or are their conditions automatically monitored?
	(
	

	4.6
	If yes, in either case does their failure result in a WT shut down?
	
	

	4.7
	Are safe-life designed components inspected at adequate intervals?
	
	

	5
	Control & Protection System Components
	
	

	5.1
	Rotation Speed
	
	

	5.1.1
	Is the rotation speed measurement system reliable and of fail-safe design?
	
	

	5.1.2
	Are two sensors used at different drive train positions of which one is measuring on the low speed shaft?
	
	

	5.1.3
	If no, is the WT equipped with blade tips activated by centrifugal forces? 
	
	

	5.1.4
	Does the C&P System have two different thresholds for overspeed, a lower setting for the control system and a higher setting for the protection system?
	
	

	5.2
	Power
	
	

	5.2.1
	Does the C&P System have two different thresholds for power, a lower setting for the control system and a higher setting for the protection system?
	
	

	5.2.2
	Are the threshold values in conformity with the generator specification (considering over-shooting)?
	
	

	5.3
	Wind Speed
	
	

	5.3.1
	Is the system designed so that no safety critical decision is based on the wind speed?
	
	

	5.3.2
	If no, is there  redundancy through a second sensor or an indirect estimate of wind speed?
	
	

	5.3.3
	Is the measurement point close to hub center with lowest disturbance?
	
	

	5.3.4
	If no, is an appropriate correction function applied?
	
	

	5.4
	Vibration
	
	

	5.4.1
	Is the vibration constantly monitored and compared to the threshold?
	
	

	5.4.2
	Is the threshold properly selected to prevent the WT from excessive loading?
	
	

	5.4.3
	Is the sensor protected against external influences including unauthorized alteration?
	
	

	5.4.4
	Does excessive vibration trigger the protection system?
	
	

	5.5
	Electrical network failure
	
	

	5.5.1
	Is the system able to distinguish between internal and external failure? 
	(
	

	5.5.2
	If yes, does the internal failure lead to an automatic restart once the failure disappeared? 
	
	

	5.5.3
	Are the tolerances on network frequency and voltage in conformity with IEC 61400-1?
	
	

	5.6
	Electric generator failure
	
	

	5.6.1
	Is the protection system triggered in the event of generator short circuit?
	
	

	
	
	
	

	5.6.2
	Is the generator winding temperature continuously monitored and compared with the threshold?
	
	

	5.6.3
	Is the threshold in conformity with the generator specifications?
	
	

	5.6.4
	In case the maximum allowable temperature is exceeded, is the power reduced (or WT shut down) through the control system? 
	
	

	5.7
	Braking System
	
	

	5.7.1
	Is braking torque versus time sufficiently described for all relevant operating conditions (temperature, wear, pollution)?
	
	

	5.7.2
	Is the mechanical brake designed to operate on a low-wear or no-wear principle?
	
	

	5.7.3
	Is the failure to respond when required due to increased, unnoticed wear prevented by the design?
	
	

	5.7.4
	If no, are the conditions of the braking equipment monitored in a proper way?
	
	

	5.7.5
	Does the detection of increased wear or abrasion of the service brake lead to a WT shut down?
	
	

	5.8
	Yaw System
	
	

	5.8.1
	In case of active yaw, is the yaw movement braked or locked when yaw drive is not active?
	
	

	5.8.2
	Is the wind direction sensor constantly monitored in a proper way?
	
	

	5.8.3
	Is the cable (between nacelle and tower base) twisting limit detected in a reliable way?
	
	

	5.8.4
	Is the degree of twisting in conformity with the cable manufacturer? 
	
	

	5.8.5
	In case of cable twist limitation, does the WT shut down, untwist and restart again?
	
	

	5.9
	Fault in Mechanical Machinery Components
	
	

	5.9.1
	Are the mechanical components monitored according to state of art practice (e.g. bearing temperature, gear oil temperature)?
	
	

	5.9.2
	Are the threshold settings in conformity with manufacturer specifications and  appropriate for the application?
	
	

	5.9.3
	Does the exceedance lead to a WT shut down?
	
	

	5.10
	Monitoring of Control System
	
	

	5.10.1
	Does the system include a continuous monitoring device (watch dog)? 
	
	

	5.10.2
	Are the critical control system actions supervised (e.g. if a demanded blade pitch angle is not correctly executed? 
	
	

	5.10.3
	Is the control system provided with a failure recorder to facilitate the failure analysis?
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