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ABSTRACT

A Study on Reliability Enhancement in Power Supply System of

Control Element Drive Mechanism in NPPs

Choi Il Young

Advisor : Prof. Kim Jin Weon, Ph.D.

Department of Nuclear Engineering

Graduate School of Chosun University

Fission reaction in the nuclear power plants(NPPs) is controlled by Control Element

Assembly(CEA). Thus, the stability and reliability of Motor Generator Set(MG Set), which

is a power supply system to Control Element Drive Mechanism(CEDM), is considered to

be very important in the viewpoint of safety of NPPs.

However, MG Sets of Korean Standard NPPs had repeatedly experienced that the

temperature and vibration in their generator-side bearing were abnormally increased. The

inspection showed that the abnormal temperature and vibration were induced by a wear

damage of bearing wheel and roller, whichwas caused by introducing small chips of cage

and V-ring into bearing. In order improve the operational reliability of MG Set by

resolving the high temperature and vibration of MG Set bearing, type of bearing was

changed, i.e., N type bearing changed into NU Type bearing, and also V-rings that are

sealing system were removed and Felt rings were installed on the inner and outer caps of

MG Set. It showed that such modifications reduced the temperature and vibration level of

MG Set bearings.

Installing protection relay panels and revising sudden stop signals were improved the

protection and monitoring systems to new power plants level. Rewiring reverse power relay

and reverse power auxiliary relay was prevented unexpected shutdown and ensured a

monitoring channel at Main Control Room.

Harmonics generated by Control Element Drive Mechanism Control System(CEDMCS)

affected the MG Set operation such as increased voltage waveform distortion and

instantaneous maximum voltage. It was verified decreasing voltage Total Harmonic

Distortion(THD) and instantaneous maximum voltage by analyzing harmonics effect,

installing RC filter, and measuring voltage waveform.
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Figure 1. MG Set power supply system

(a) MG Set (b) Fly wheel (c) Control panel

플라이휠

발전기

여자기

전동기 상 정류기3

(d) Diagram (e) Disassembled MG Set

Figure 2. MG Set and Control panel
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Figure 3. Block diagram of a MG Set power supply
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Figure 4. Control element drive mechanism
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Figure 5. Extension shaft assembly and RSPT
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Figure 6. The principle of automatic control of the CEA
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Figure 7. CEDMCS digital control panel
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구 분 국산화 이 국산화

제작사

형 식
유도 동기 및 동기식
교류발 기 일체형

유도 동기 및 동기식
교류발 기 일체형

정격출력 동기 발 기 동기 발 기

정격 압
동기

발 기
동기

발 기

회 속도

동기측 베어링

발 기측 베어링

베어링 윤활 그리스 윤활 주기 주입 그리스 윤활 주기 주입

Table 1. MG Set Specification
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Figure 8. MG Set bearing position
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Figure 9. MG Set 02RN bearing temperature transition(Max. 56 )℃
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(a) Partition of Cage (b) Roller & V-Ring (c) V-Ring

Figure 10. Generator bearing cage damage

(a) Spacer bushing (b) Outer cap (c) Sealing structure

Figure 11. Outer cap/sealing ring and shaft spacer contact overheating
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Figure 12. Bearing thermometer install position
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Figure 13. MG Set 02RN Bearing Temperature Transition
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Figure 14. Unit-D MG Set BRG temperature transition (2008.11.12.~2009.01.03)

Figure 15. Unit-D MG Set BRG temperature transition (2010.03.15~2010.05.15)
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Figure 16. Unit-D MG Set BRG temperature transition (2011.06.07~2011.07.12)

Figure 17. Unit-E MG Set BRG temperature transition (2009.11.01.~2010.03.01)
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Figure 18. Unit-E MG Set BRG. temperature transition (2011.03.05~2011.04.01)

Figure 19. Unit-E MG Set BRG temperature transition (2011.12.26~2012.01.05)
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Figure 20. Unit-C MG Set BRG temperature transition (2007.02.24~2007.12.24)

Figure 21. Unit-F MG Set BRG temperature transition (2009.02.20~2009.12.20)
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Figure 22. Unit-G MG Set BRG temperature transition (2011.03.09~2012.03.08)

Figure 23. Unit-H MG Set BRG temperature transition (2011.03.09~2012.03.08)
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Figure 24. Unit-I MG Set BRG temperature transition (2011.03.09~2012.03.08)
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(a) Partition abrasion (b) Extended material (c) New cage

Figure 25. Result of cage maintenance

Figure 26. Cage spin and contact
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(a) Before(N230E) (b) After(NU230E)

Figure 27. Change to NU type
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Figure 28. N & NU type

Figure 29. Roller skidding + friction
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(a) Before (b) After

Figure 30. The installation of a felt ring(Outer cap)

Figure 31. V-Ring
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Figure 32. V-Ring installed in the form of MG Set

Figure 33. Groove processing for inner and outer felt sealing
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(a) Before

(b) After

Figure 34. Generator side bearing temperature transition
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(a) Before

(b) After

Figure 35. Vibration and frequency characteristic
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Figure 36. Sudden stop sequence
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Table 2. Present condition of MG Set protection signals [September 2012]
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(a) Before (b) After

Figure 37. Improvement of protection and monitoring system
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Figure 38. MG Set control panel and new protection panel
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Figure 39. Possibility of unexpected stop at the wrong reverse power signal
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Figure 40. Improvement of the stop and alarm circuit
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Figure 41. Generating mechanism of the harmonic voltage
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Figure 42. Definition of notch depth and notch area
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Figure 43. Results of harmonic analysis for voltage waveform
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Figure 44. Diagram of synchronizer harmonic characteristic test

시험 조건 동작 값 비 고

전압 고조BUS : 120V 0°∠

전압 기본GEN : 120V 0°∠

이상23%

전압차( 27.6V) 정정

20%전압 기본BUS : 120V 0°∠

전압 기본GEN : 120V 0°∠
최 값

Table 3. Result of operating characteristic test
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Figure 45. Unit-B MG Set AVR input and output waveform unstable–
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Figure 46. Under voltage relay trip scheme of CEDMCS
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Figure 47. Parallel and series operation waveform

Table 4. Comparison of the harmonic ratios before and after exchanging CEDMCS
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하

특

Oversizing

Factor

기준

전류

발전기

량
결과

상전3 1.5 588A 601A 만족

Table 5. Calculated generator capacity by oversizing factor
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23.9 32.6

23.9 33.8

Table 6. THD and notch of MG Sets in Unit-D and Unit-E
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Figure 48. Waveform of voltage and current tested in Unit-D

Figure 49. Analyzing harmonic of voltage and current tested in Unit-D
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Figure 50. Waveform of voltage and current tested in Unit-E

Figure 51. Analyzing harmonic of voltage and current tested in Unit-E
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Figure 52. Installation of the filter for harmonic reduction
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이상35 23.9

31.2 19.2

29.4 17.6

21.4 14.6

Table 7. Variations in THD and Vpeak with number of filter installed
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Figure 53. Waveform graph in accordance with the installation quantity of filter
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