creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

=ESIN

[ UCI ] 1804: 24011- 200000265755

==
=)

2~ KIO]

_I

A
(i

=

XI_E_%:II:II-

o
—

|

T

2016¢ 8

B0
I
= mm ol
n
=
oh
= K
g
K



A Study on Reliability Enhancement in Power Supply System of

Control Element Drive Mechanism in NPPs

2016 83 25¢&

Collection @ chosun



A

|.

NGRS

A
i

_I

A
(i

=

Kiegs

|

=

o

<
E
A

00

ifd
Al

R0
=d

oF
ol

X0

ol
M0
ol

ifd
Al

20164 4Z

OFJ
ol

=
ol

d
K

30

IKA

Collection @ chosun



oJ

SN
OH

4

E

=
ol

&
K

-t

KO
oF
oF

oJ

R)

™

0] 2

20164 5

i
ol

E
ol

g
KA

Collection @ chosun



N 10k N TN A i
}“ 1 Zc]— }\:l % ............................................................................................................... 1
Al 2% 21]011'3— AAZF D AOJAE BEA o 5
T T =1 [ 9
1. AZ TR T] 7] 5 2
2. AZ R 7] FEA 7] 7] B A 4
A2 A ANE TEZA} AN TEZA AT s
1. 7(-“01101 -'-F%Jg—;‘(] ................................................................................................... 6
9. A O] B TR R O] FE 8
A 34 AFWA7) A FFEA 2 NHE Grb
A1 A BRATZ o] 8] T B A s 10
1. u]]o]%] jl,]_% 13?_1—/‘3 .............................................................................................. 10
2. X—]}] ‘;_l ?‘:_l)ﬁ' ......................................................................................................... 13
7} *1];‘(4]7‘5]' ............................................................................................................... 13
],]. H]]Cﬂ%] -,?_—El‘i_il_ﬂ- T,‘i_/g .................................................................................. 14
(1) WMol & LI TFRT] G R covervrerrremrrermrieneti e 14
(2) LA A WO] 8] QI Z BF oo 15
3) oyl %1,:_7383: ........................................................................................... 16
(4) %)ﬂ—i} ﬁ%ﬂé—%—l7] _‘9__'1_:_7383: ........................................................................ 21
]:} H]]Cﬂ%] _{J_:}g-?li_q .............................................................................................. 23
3. AZwAy] Mlo]gd W Seal A WA 25
7} 11“01301 1‘5165111‘3_1_7(&)] .............................................................................................. 25
'L]— Seal 6]{:}]‘:‘176] ................................................................................................... 27
4 73_“11]- ‘;_l ALl s 29

— § -

Collection @ chosun



x-“ 2 X‘_;l. H$ 1;'_! Zj]—}\]/\é]:]] 7]]/‘\:]_ ................................................................. 31
1 H“%] ............................................................................................................................. 31
2 B3 1;_! Zj]—}\]g];]] 7“}1\;] ............................................................................... 33

A 3A Aol FT5AA AoJAE Fd AT 37
1. :ﬂ_}__j,]_ 13?_1—/‘3 1;_! Oéﬁg: ?‘:_l)ﬁ' .......................................................................... 37

A A TERA AAT FEF AGRA WAYF 7
._2'._9_7]7]% :ﬂ_}_j} 0(:)]?'5]: ?‘i‘q ................................................................. 39

(1) ﬁ%uﬂ]—ﬁ7] %7]7&}37] ................................................................................... 39

(2) AEHEA 7] RFIEF QFZE A 7] oeverreessmeessmsessesssseessssssssssssis s A1

3) AlolE F-ETAX AOAIE ARAGHAIAT] e 42

q :ﬂ_}_j} X1Z:,L ];“;3_']] ............................................................................................ 44
(1) Passive Harmonic FIlLer - 44

(2) Active Harmonic FQILEr -t 44

(3) Delta—Wye TTANSTOFMET - wwwsressesseserssemssisnssisistiesieiisi e 44

(4) Generator OVErSIZIng s weerssrsessissssinsieisstiesi e 44

2. Aé];]] 7“}1\;] 1;_! é:ﬂ]— ?‘:_l)ﬁ' ............................................................................... 45
7}. ;ﬂ%%;ﬂ7] ‘?l‘?} :ﬂ_}_j} %Xé ................................................................. 45
. Aol TERA AAE R-C RE] A 2 AN A3k A 8
}“ 4 Zc]— 7‘:]?_ ettt ettt et e et ettt r et ae e enaen 51
lf‘g—i-“%’:ﬂ] ................................................................................................................ 53

— 11_

Collection @ chosun



=
Table 1 MG Set Speciﬁcation ............................................................................................................. 10
Table 2. Present condition of MG Set protection signals [September 2012] --wweeereeeeeseeenereeeneenen 32
Table 3. Result Of operating characteristic BESE woevrerrerrm e e e ettt et 40
Table 4. Comparison of the harmonic ratios before and after exchanging CEDMCS ---+-eereeeeeeee 43
Table 5 Calculated generator Capacity by OVerSiZing faCtOr ............................................................ 34
Table 6. THD and notch of MG Sets in Unit-D and URNit-F «««--eeseeeereersreeeseermseenieenseenieenneeens 45
Table 7. Variations in THD and Vpeak with number of filter installed -------weeerereeemeseesnermeneenens 49
- il -

Collection @ chosun



Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

A R B o B

—_
[

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

g =4

MG Set pOWGl’ supply system ......................................................................................... 3
MG Set and COntrOl panel ............................................................................................... 3
BlOCk diagram Of a MG Set pOWGl’ Supply .................................................................. 4
C()ntr()l element dl'iVe mechanism ................................................................................... 6
EXtensiOn Shaft assembly and RSPT .............................................................................. 7
The principle Of automatic C()ntr()l Of the CEA ........................................................... 8
CEDMCS dlgltal COntrOl panel ....................................................................................... 9
MG Set bearing position ................................................................................................ 11
MG Set 02RN bearing temperature transition(Max. 56C) e 12
Generator bearing Cage damage .................................................................................... 13
Outer cap/sealing ring and shaft spacer contact overheating «--««--«e-eersseereerseeeeeene 13
Bearing thermometer install position ............................................................................ 14
MG Set 02RN Bearing Temperature Transition .......................................................... 15
Unit-D MG Set BRG temperature transition (2008.11.12.~2009.01.03) ««--eeeeeveeeeeeee 16
Unit-D MG Set BRG temperature transition (2010.03.15~2010.05.15) «-eeeeereeereeeee 16
Unit-D MG Set BRG temperature transition (2011.06.07~2011.07.12) «w--veereeeeeeeeeee 17
Unit-E MG Set BRG temperature transition (2009.11.01.~2010.03.01) «+---eeereveeeeeeee 17
Unit-E MG Set BRG. temperature transition (2011.03.05~2011.04.01) ----eereeveeeeeeeee 18
Unit-E MG Set BRG temperature transition (2011.12.26~2012.01.05) -«+--veeeeeeeeeeee 18
Unit-C MG Set BRG temperature transition (2007.02.24~2007.12.24) «we-eeeeeeeeeeee 19
Unit-F MG Set BRG temperature transition (2009.02.20~2009.12.20) ««+--eeeereeeeeeeee 19
Unit-G MG Set BRG temperature transition (2011.03.09~2012.03.08) --«+-eeeeveeeeeeee 21
Unit-H MG Set BRG temperature transition (2011.03.09~2012.03.08) --«+-eeeeveeeeeeee 21
Unit-I MG Set BRG temperature transition (2011.03.09~2012.03.08) ««++-seeeereeeeeeeeee 22
ReSult Of Cage maintenance ........................................................................................... 23
Cage Spin and 1078 17 16 HRR R P PP P PP PP PR O PP PP OPEPPROPRN 23
Change to NU type ........................................................................................................ 25
N & NU type ................................................................................................................. 26
ROller Sklddlng + ﬁ-iction .............................................................................................. 26
The installation Of a felt ring(outer Cap) .................................................................... 27
V—Ring .............................................................................................................................. 27
V-Ring installed in the form of MG Set - wesseessseesseemsssmsssmisssrisisissisiisssisssisssisees 28
GI'OOVG processing fOr inner and outer felt Sealing ................................................... 28
Generator Side bearing temperature transiti()n ............................................................. 29
— iV —

Collection @ chosun



Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.

Vibration and frequency CharaCteriStic -+ - wressrrmmmmssrrmsissisiss s 30
SUAAEN SIOP SEQUENCE ++++++ervessserrssssssrrssssessssssse st 31
Improvement of protection and MONILOFNE SYSLEM s wwsssressssrssssrssssrsssssssssssssssnieas 33
MG Set control panel and new protection pamel -+ - ssswwsersssressssrsusssnisereisssiness 34
Possibility of unexpected stop at the wrong reverse power signal ---:-eeweeeeeeeeeess 35
Improvement of the stop and alarm CIFCUIL =+ -+swsserssssrsssssmsssssssssrsss s 36
Generating mechanism of the harmonic voltage -+ s wwssrrmmsssrsssssisserissesisnas 37
Definition of notch depth and NOtch area -+ s serssssseremssmsssmsnnrisss s 38
Results of harmonic analysis for voltage Waveform -+ wsrmsssrmsssssssssnssssnsissines 39
Diagram of synchronizer harmonic characteristic test --e--e-eereseererrsrsreneneiene 40
Unit-B MG Set AVR input and output waveform — unstable ----wooeeeseeeeeemeneneeens 41
Under voltage relay trip scheme of CEDMCS «+evsssresssrrssssmsssssmsssssisssssisssissennas 42
Parallel and series OPEration WAVEfOrm «+ s rrrrsssssremmssinsimssssss s 43
Waveform of voltage and current tested in URit-D -+wseesseessserssssmssssssssssnisssiscnnns 46
Analyzing harmonic of voltage and current tested in Unit-D --eoeeeeeereeeeseseseneees 46
Waveform of voltage and current tested in URit-E -rreeresseroosssmrssssssssssssissssinins 47
Analyzing harmonic of voltage and current tested in Unit-E ---eoooeoerereeresseneens 47
Installation of the filter for RArMONIC TEAUCHON s sswrerrrrsrresermrererermrmsrsrsiesenesesesrenens 48
Waveform graph in accordance with the installation quantity of filter ---------ereeeeee 50
R

Collection @ chosun



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 14. Unit-D MG Set BRG temperature transition (2008.11.12.~2009.01.03)
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Figure 16. Unit-D MG Set BRG temperature transition (2011.06.07~2011.07.12)
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Collection @ chosun



77.0

100

a0

&0

7o

60

50

40

30

20

Y

()
2011-03-0501:30:36 2694 Qay 2011-04-01 00:00:00
& MG SET 01 GEN BEARING TEMP o MG SET 01 MOTOR BEARING TEMP « MG SET 02 GEN BEARING TEMP < MG SET 02 MOTOR BEARING TEMP

& W YRPN2324-5PBE701
33084
DEG C
owYKPN2324-2PB702
59738
DEG C
*WYKPN324-5PBE704
52178
DEG C
< WYKPN2324-5PB705
64619
DEG C

Figure 18. Unit-E MG Set BRG. temperature transition (2011.03.05~2011.04.01)
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Table 2. Present condition of MG Set protection signals [September 2012]
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Figure 38. MG Set control panel and new protection panel
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Figure 44. Diagram of synchronizer harmonic characteristic test
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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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A THD 159 w] gk 31% =3}
A HA A 27] 225 Vpeak 286 Vpeak ©]AF
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Table 5. Calculated generator capacity by oversizing factor
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x5 9 ¥ & (THD, %) Notch
T
At A Depth(%) Area(ys)
71 10% o]l - 50% o] 18,250 °y
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Es.7] 23.9 33.8 3.0 30,400
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Figure 48. Waveform of voltage and current tested in Unit-D
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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
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Figure 51. Analyzing harmonic of voltage and current tested in Unit-E
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Table 7. Variations in THD and Vpeak with number of filter installed

o Azt 99 & (THD, %) A5 A At
RCEHE T T e ea PR (Vpeak)

1] Ad X 35 oAt 23.9 283.0

3 o 31.2 19.2 223.1

4 o) 29.4 17.6 217.7

8 1 21.4 14.6 205.3
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