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I. Introduction 
The New& Renewable Energy Group (NAREG) at Durham University and the Power Electronics Applications and Technology in Energy Research (PEATER) at Warwick University are collaborating on the EPSRC sponsored project Condition Monitoring for Power Electronics Reliability (COMPERE). Durham and Warwick have been investigating the reliability of wind turbines and power devices for some years and producing a number of publications. The COMPERE project aims to prove the feasibility of condition monitoring of power devices in converters and to further understand the failure and deterioration mechanisms. A demonstration system and simulation work will be built for condition monitoring. 
The attached questionnaire is prepared by Dr Shaoyong Yang at the University of Warwick. It is designed to evaluate the current main reliability issues and condition monitoring status of power electronics systems. This investigation is an attempt to gain informed views to allow a brainstorming to take place. The main concerns cover power electronics system normal operation, disturbances, and failures.

The questions will take no more than 5 minutes to be filled. The outputs of this project are believed to be beneficial to power industries and academia. The statistics analysis result will be shared to all the contributors.

The answers will be exclusively used in the research work, and will not be disclosed to any others without your formal and legal permission.  

The author appreciates your efforts and valuable opinions.  Please send your responses to shaoyong.yang@warwick.ac.uk. 
II. Questions:
1. Please specify the types of your organisation. 
(a) Component manufacture
 FORMCHECKBOX 

(b) Aerospace



 FORMCHECKBOX 

(c) Automotive


 FORMCHECKBOX 

(d) Motor drive


 FORMCHECKBOX 

(e) Utility power industry

 FORMCHECKBOX 

(f) Others, please specify:      
2. Do you think that power electronics reliability is an important issue. 
(a) Very important


 FORMCHECKBOX 
 
(b) Important



 FORMCHECKBOX 

(c) Fairly important 

 FORMCHECKBOX 

(d) unimportant


 FORMCHECKBOX 

3. How long are the expected lifetimes for the power electronics systems used in your area? 
(a) > 30 years


 FORMCHECKBOX 

(b) 20-30 years


 FORMCHECKBOX 

(c) 10-20years


 FORMCHECKBOX 

(d) <10 years



 FORMCHECKBOX 

4. Please quantify the integrated or discrete components in the power electronics systems produced / applied in your area. 
(a) >10,000


 FORMCHECKBOX 

(b) 1,000-10,000


 FORMCHECKBOX 

(c) 100-1000 components

 FORMCHECKBOX 

(d) <100



 FORMCHECKBOX 

5. Are you happy with the power electronics reliability monitoring status in your area? 
(a) Satisfied


 FORMCHECKBOX 
      
(b) Not satisfied


 FORMCHECKBOX 
, please specify reasons:      
6. Please specify the acceptable failure rate for the power electronics applications in your area?
(a) > 1000 FITs (1 FIT = 1/109 failure per device-hours)



 FORMCHECKBOX 

(b) 500~1,000 FITs

 FORMCHECKBOX 

(c) 100-500 FITs


 FORMCHECKBOX 

(d) 10-100 FITs


 FORMCHECKBOX 

(e) <10 FITs



 FORMCHECKBOX 

7. Which components are the most fragile and easily damaged in the power electronics system produced/applied by your organisation? Percentages and /or rankings of failure components are welcomed if available. 
(a) Capacitors 




 FORMCHECKBOX 

percentage%
 FORMDROPDOWN 

(b) Resistors 




 FORMCHECKBOX 

percentage%
 FORMDROPDOWN 

(c) Inductors




 FORMCHECKBOX 

percentage%
 FORMDROPDOWN 

(d) Connectors




 FORMCHECKBOX 

percentage%
 FORMDROPDOWN 

(e) Power devices (e.g. MOSFETs / IGBTs etc)
 FORMCHECKBOX 

percentage%
 FORMDROPDOWN 

(f) Gate circuits for power devices

 FORMCHECKBOX 

percentage%
 FORMDROPDOWN 

(g) Other circuit boards



 FORMCHECKBOX 

percentage%
 FORMDROPDOWN 

8. What types of power devices are often used in your applications? 
(a) Power MOSFET

 FORMCHECKBOX 

(b) PiN Diode



 FORMCHECKBOX 

(c) Power IGBT


 FORMCHECKBOX 

(d) Power Thyristor


 FORMCHECKBOX 

(e) IGCT



 FORMCHECKBOX 

(f) GTO



 FORMCHECKBOX 

9. Please specify the current levels used in your power electronics applications? 

(a) >1000 A


 FORMCHECKBOX 

(b) 500-1,000 A


 FORMCHECKBOX 

(c) 100-500 A


 FORMCHECKBOX 

(d) <100 A



 FORMCHECKBOX 

10. What switching frequency levels are used in your power electronics applications? 

(a) >100 kHz


 FORMCHECKBOX 

(b) 50k- 100 kHz


 FORMCHECKBOX 

(c) 20k - 50kHz


 FORMCHECKBOX 

(d) 5k-20kHz



 FORMCHECKBOX 

(e) 500-5kHz


 FORMCHECKBOX 

(f) 50-500 Hz



 FORMCHECKBOX 

11. Please give the most likely reasons for the failures of power electronics system. 
(a) Environment 


 FORMCHECKBOX 

(b) System transients


 FORMCHECKBOX 

(c) Heavy load /overload

 FORMCHECKBOX 

(d) Others, please specify:
     
12. Is there any indicator to show the deterioration of key components? 

(a) Yes, Pleas specify:

      
(b) No. 



 FORMCHECKBOX 

13. Is there any stress from the environment?
(a) Extreme ambient temperature
 FORMCHECKBOX 

(b) Moisture



 FORMCHECKBOX 

(c) Mechanical vibration

 FORMCHECKBOX 

(d) Chemical erosion


 FORMCHECKBOX 
 
(e) Radiation


 FORMCHECKBOX 

(f) Lightning 



 FORMCHECKBOX 

14. Please specify the power rating of the power electronic system produced/applied by your organisation. 
(a) >10 MW


 FORMCHECKBOX 

(b) 1-10 MW



 FORMCHECKBOX 

(c) 100 kW -1MW


 FORMCHECKBOX 

(d) 20-100 kW



 FORMCHECKBOX 

(e) 1-10kW


 FORMCHECKBOX 

(f) <1kW



 FORMCHECKBOX 

15. What load levels are the power electrics systems subjected to? 
(a) ~100%
or higher

 FORMCHECKBOX 

(b) 80~100%



 FORMCHECKBOX 

(c) 50-80%


 FORMCHECKBOX 

(d) others, please specify 
     
16. How long do any overload or overvoltage transients last? 

(a) >30s



 FORMCHECKBOX 
 
(b) 10-30s



 FORMCHECKBOX 

(c) 5-10s



 FORMCHECKBOX 

(d) <5s




 FORMCHECKBOX 

17. Please give estimated temperature swings of power devices for normal operations.  Please specify: chip temperature
 FORMCHECKBOX 


or baseplate temperature
 FORMCHECKBOX 

(a) >110 ˚C


 FORMCHECKBOX 

(b) 80-110 ˚C



 FORMCHECKBOX 

(c) 30-80 ˚C


 FORMCHECKBOX 

(d) 10-30 ˚C



 FORMCHECKBOX 

18. Please give average duty days per year for a typical power electronics system. 
(a) 365 days


 FORMCHECKBOX 

(b) 300- 365 days


 FORMCHECKBOX 

(c) 200-300 days


 FORMCHECKBOX 

(d) 100-200 days


 FORMCHECKBOX 

(e) Others please specify:

     
19. Please give duty hours per day 
(a) 24 hours


 FORMCHECKBOX 

(b) 20-24 hours


 FORMCHECKBOX 

(c) 15-20 hours


 FORMCHECKBOX 

(d) others, please specify: 
      

20. Please indicate any method used to improve reliability of least reliable components: 
(a)
Increased coolant flow rates or dimensions 




 FORMCHECKBOX 

(b) Larger heat sinks

 FORMCHECKBOX 

(c) Parallel more capacitors

 FORMCHECKBOX 

(d) Backup system or circuit
 FORMCHECKBOX 

(e) Voltage suppressor

 FORMCHECKBOX 

(f) Others please specify:

      
21. Please specify how much voltage and current margins are remained during steady-state operations. 
(a) Voltage 

      %
(b) Current  


      %

22. Please quantify a typical ratio between the cost caused by a failure and that of the whole power electronics system. 
(a)
80-100 %


 FORMCHECKBOX 

(b) 50-80%


 FORMCHECKBOX 


(c) 20-50 %


 FORMCHECKBOX 

(d) 10-20%


 FORMCHECKBOX 

(e) <10%



 FORMCHECKBOX 
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