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Abstract

This study deals with the irradiation effects on some selected components which are being used
in an Advanced Spent Fuel Conditioning Process (ACP). Irradiation test components have a higher
priority from the aspect of their reliability because their degradation or failure is able to critically
affect the performance of an ACP equipment. Components that we chose for the irradiation tests
were the AC servo motor, potentiometer, thermocouples, accelerometer and CCD camera. ACP
facility has a number of AC servo motors to move the joints of a manipulator and to operate process
equipment. Potentiometers are used for a measurement of several joint angles in a manipulator.
Thermocouples are used for a temperature measurement in an electrolytic reduction reactor, a vol-
oxidation reactor and a molten salt transfer line. An accelerometer is installed in a slitting machine to
forecast an incipient failure during a slitting process. A small CCD camera is used for an in-situ vision
monitoring between ACP campaigns. We made use of a gamma-irradiation facility with cobalt-60
source for an irradiation test on the above components because gamma rays from among various
radioactive rays are the most significant for electric, electronic and robotic components. Irradiation
tests were carried out for enough long time for total doses to be over expected threshold values.
Other components except the CCD camera showed a very high radiation hardening characteristic.
Characteristic changes at different total doses were investigated and threshold values to warrant at

least their performance without a deterioration were evaluated as a result of the irradiation tests.

Keywords : Irradiation test, AC servo motor, Potentiometer, Thermocouple, Accelerometer, CCD

camera
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Fig. 1. Structure of the high-level gamma irradiation facility
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Fig. 2. Schematic diagram of the gamma irradiation test system for the AC servo motor
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Fig. 3. A user interface for the AC servo motor test program
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Fig. 13. Schematic diagram of the gamma irradiation test
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Reliability Evaluation of ACP Components under - --

- HA4A A} 2000 g peak
- AR A Inconel 600
- A4 Element: Piezoelectric Type BT

- Z%: 91 grams

» 7SS A A= B&KK 2647
- Gain: 1 and 10 mV/pC
- A AFu5 0.17 Hz
- 1A F T 50 kHz

+ 7}217]: B&K 4810

- T HS: DC o 18 kHz

- FZA a4 18 kHz o) 4}
¥ (peak): 10 Newton (65 Hz to 4 kHz)
- )| 7FEE (peak): 550 ms? (65 Hz to 4 kiHz)
- At} H ¥ (peak-to-peak): 6 mm
-EF 11kg

N

dl

o

« 9P = BKK 2718
- 2839]: 75 VA into 3 £ exciter
- 99 impedance: 15 k 2
- &9 impedance: (0,04 £ (10 Hz to 5 kHz),
{0.08 £ (5 kHz to 20 kHz)

 3h bR 7)1 PXI-4461
- A8 2 ea
- MZ8: 204.8 kS/s
- AN FAE: 92 kHy
- AHES 5 24 bits
- AEHY: £ 316 mVio 42,4V
Y 2 e
- 238135 24 bits
- &% Update rate: 204.8 kS/s

« Hlo|E 3= ¢ o]: DSA PXI-4462
AMd: 4 ea

W& 204.8 kS/s

9Z: 92 kHz

8l%5: 24 bits

o
)

-YdEHY £ 316 mV o 42,4V

« PC7|EHA| 2= A 28 AEZ 2] PXI-8196
- CPU: 2.0 GHz P M760
-RAM: 1 GB
- Windows OS: XP
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Fig. 14. A user interface for the accelerometer test program




dJ. Kor. Rad. Waste Soc.

UF, okt AreE 2R 5
ZRage 7 Fusde doju
Jol AAeA B w3 e 4—4#
aﬂﬂi@#

[ to 1
o
215
32
s &

jo & [m

|

4
32,
5
o

oy

Rocot (W

131]3}04 50 Hzoﬂlﬂ
FIE MSAAZ dole &
=S oAtk VMEEAZRY Y3 FEg
LY7o AE gEg e BE
Forste g 5HstE A E g
Fig, 15¢] Fub wWsle] w2 WX s 0] 78
et A EF e ofstd FA M gin] W
gEol 2 2.0x10° Gy =7} =4R 71 ol2ka
T Aot wEA o] W ol el X ALl o)
Z¥EEA O v A= GFol FdiH o Aot

szeoagmk:f;zm:&nﬁz&;&
Ho

(>

18,

Im

it

o
jany
N
~
s
o
2

Jpn

2
A
o

fﬂ—
U

o to

Al

tﬂ

ul cCD 7=
CCD 7}H&te] 7

A zAA A
5

hd

hAL A o] w9 FHoksio
0] 838+ 100 Gy/hre] UA
Ao g ZAMNAZNEAN F3F %3¢ dloje 2
olog FHE&E walo g WALM 93kuy}
Fsdrt. ccp ﬂﬂﬂﬂ}% H7kstzl 84

[e]
o1
Ao o
=

Q 3L
b sl

=
=

0.1

—+—0Gy
v 2.34x10% Gy
7420104 Gy
- 1.10K1046 Gy
1.43x10%6 Gy
< 1.86X10%6 Gy
1.95¢10%6 Gy
- 2.30x10% Gy
-2 2.67X10% Gy
~e~308x10%6 Gy |

Amplitude ratio

0.01+

100 1000

Frequency (Hz)

10000

Fig. 15. Vibration amplitude vs the frequency of the
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Fig. 16. A testbed for an off-line evaluation of the CCD camera




Reliability Evaluation of ACP Components under ---

-H®2a: 16 MB

- Programmable functions: Partial image

acquisition, gain, reference, offset,

HSL conversion

- glo]e} = 3t= 9 o) PXI-8196

« X E o] NI-Max
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Fig. 18. A change of the luminosity of the CCD camera at different total doses
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