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Estimation of Permanent Magnet Aging and Output Signal Error

in Control Rod Position Indicator
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Abstract

The integral type reactor currently under development at the Korea Atomic Energy Research
Institute is being designed with a soluble boron free operation and the use of nuclear heating
for the reactor start-up. These design features require a Control Element Drive Mechanism
(CEDM) for the Integral reactor to have a fine-step movement capability as well as a high
reliability for a fine reactivity control. Also the reliability and accuracy of the information for
the control rod position is very important to the reactor safety as well as the design of the
core protection system. The position indicator is classified as a Class 1E component because
the rod position signal of the position indicator is used in the safety related systems. In this
paper, the estimation of permanent magnet aging in the upper pressure housing and the signal
error due to the resistors error in the voltage divider circuit was performed. These estimation

results were considered in the design of the control rod position indicator.
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B" = p H 10" = (4nx 10)(10YH = 0.0126 H (1)
Here
B" : Equivalent magnetic flux density
U, @ oA o] Fap&
H : Magnetic Flux Intensity [AT/m]
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Comparison of MFD Distribution
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Magnetic Flux Density Distribution due to NdFeB Thermal Aging
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9.7769V - 9.8231V (680mm)

¥ 1 ¢g8EAY 22 0.025VY
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(mm) (V) V)
0 3.0 3.0050
20 3.2 3.2053
40 3.4 3.4057
60 3.6 3.6060
80 3.8 3.8063
100 4.0 4.0067
120 4.2 4.2070
140 4.4 4.4073
160 4.6 4.6077
180 4.8 4.8080
200 5.0 5.0083
220 5.2 5.2087
240 5.4 5.4090
260 5.6 5.6093
280 5.8 5.8097
300 6.0 6.0100
320 6.2 6.2103
340 6.4 6.4107
360 6.6 6.6110
380 6.8 6.8113
400 7.0 7.0117
420 7.2 7.2120
440 7.4 7.4123
460 7.6 7.6127
480 7.8 7.8130
500 8.0 8.0133
520 8.2 8.2137
540 8.4 8.4140
560 8.6 8.6143
580 8.8 8.8147
600 9.0 9.0150
620 9.2 9.21583
640 9.4 9.4157
660 9.6 9.6160
680 9.8 9.8163
WA Z909S 0mm A9 947
QAL A oA G4g W A

% 2408 AT 23 01%Y S
g%
2 A JIEMY | EEHyY
(mm) (V) (V)
0 .0 3.0000
20 3.2 3.2002
40 3.4 3.4004
60 3.6 3.6006
80 3.8 3.8008
100 4.0 4.0010
120 4.2 4.2012
140 4.4 4.4014
160 4.6 4.6016
180 4.8 4.8018
200 5.0 5.0020
220 5.2 5.2022
240 5.4 5.4024
260 5.6 5.6026
280 5.8 5.8028
300 6.0 6.0030
320 6.2 6.2032
340 6.4 6.4034
360 6.6 6.6036
380 6.8 6.8038
400 7.0 7.0040
420 7.2 7.2042
440 7.4 7.4044
460 7.6 7.6046
480 7.8 7.8048
500 8.0 8.0050
520 8.2 8.2052
540 8.4 8.4054
560 8.6 8.6056
580 8.8 8.8058
600 9.0 9.0060
620 9.2 9.2062
640 9.4 9.4064
660 9.6 9.6066
680 9.8 9.8068
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