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ABSTRACT

The APR1400 reactor may be operated for a long time under high temperature and pressure conditions, causing
damage to the stud holes and causing stud bolts and holes to stick. The present practice is to manually remove
the anti-sticking agent and foreign matter remaining in the APR1400 reactor stud hole and to visually check the
surface condition of the thread to check the damage status of the threads. In the case of the APR1400 reactor
stud holes, manually cleaning the threads increases the risk of radiation exposure and operator’s fatigue. To avoid
this, the autonomous mobile robot is used to automatically clean the reactor stud holes. The purpose of this study
is to optimize the cleaning performance of the mobile robot by looking at the behavior of the surface roughness
of the stud surface cleaned by the brush attached to the mobile robot due to changes in brush material, thickness
of wire, and rotation speed. A microscopic approach to the surface roughness of the flank is needed to investigate
the effects of the newly proposed brush of the autonomous mobile robot on the thread holes. According to this
experiment, it is reasonable to use STS brush rather than Carbon one. Optimal operating conditions are derived
and the safety of APR1400 reactor stud holes maintenance can be improved.

Key Words : Reactor stud hole (A2 2E|E &), STS brush (ZHI1E] 27 B A]), Flank (Z2 =), Surface
roughness (EXHAZ7])
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Fig. 3 Reactor stud hole work procedure
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3.1 Surface roughness
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Fig. 10 Arithmetic mean roughness
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Table 1 Specifications of laser microscope

glo]A wlo]ABZAIZ VX-X200
Magnification 200x -2400x
Resolution 0.5nm(height), 1nm(width)
Accuracy 1.2nm(height), 20nm(width)

Fig. 12 VX-X200
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Fig. 13 Sample & installation point
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Fig. 11 Ten point average roughness

3.2 Roughness Measurement
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Fig. 14 Thickness of wire

&S 7—}7‘-‘4 A 2R g8 AlEe ARSI
H 20.159] B4]E 200pm o= A% Al
Z3} 20.209] BEHE 200pm o2 A3 MES 7}
7 Atk Bej4le] AE-2 carbon steel 304
stainless steelZ AZEATE 18] aX0] FAY (D
0.15, @02, @025, B03)Z 217t A=ste] AsIATh

gulo] Zzke] M4 S ARSL SEE W
(200rpm, 400rpm, 600rpm, 800rpm)A|A B4 AZE




APR1400 9A12 7] ~EHE= &9

ol A2 24 AN B% BF ALY Ra), 108
B AL RS SHste] Belslo] o3 Zajam
o) AR 27t ST

LEARM
o3

Fig. 15 Measurement point

4.1 B2{3 FrE HE7| vlm
Al A& 213} brushing A& Fall AH=BE 127
o} 108 HHFAZ7] & Y3 TE Carbon H
Stainless SteelZ A|ZtE B g]o] FAE AHVE

S8k WA Bej4 o] AEE Cabon & S o,
£ EH3H200~800RPM)E 3HHAl B4] &de] +
AE v A B4 A3o] YAt e ] Ragk
o] ¥stE vl
Table 2 Measurement data of Carbon Ra(um)
vl
RPM ® 0.15 ® 0.20 ® 0.25 o 0.30
200 3.480 2.892 2.146 3.051
8.859 3.847 5.497 5.109
2.184 2.179 2.397 2.575
400
5.821 3.552 6.224 5.788
2.340 2.494 1.920 1.817
600
1.730 3.668 6.136 5.387
200 2.632 3.287 2.076 1.950
4.040 5.096 5.557 6.765
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Fig. 17 Ra of carbon on thickness (um)
Table 3 Measurement data of Carbon Rz (um)
24
RPM Tl 0015 | @020 | @025 | @ 0.30
76.233 79.882 | 55378 55.393
200 55.689 | 37.006 | 98.101 112.67
400 29.239 | 35.085 65.453 48.221
67.056 | 48.264 128.89 | 79.479
600 55.943 | 46.645 53.355 | 28951
24.223 70277 | 78.128 86.172
200 52972 | 62379 | 28.704 | 62.857
45254 | 69.086 | 94.080 | 108.72
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120.000 _;fﬁ; — /\
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Fig. 18 Rz of Carbon on thickness(pum)
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Table 4 Measurement data of STS Ra (pm) 160.000 |
— H200% T
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120.000 A B002S
8500 | 1897 | 3180 | 1754 S /\
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1.937 2.690 6.821 2.963 0.000 : .
200 1.782 2.577 3.679 2.077 ©0.15 ©0.20 00.25 ®0.30
5370 | 1774 | 5560 | 3.233 Fig. 20 Rz of STS on thickness(um)
42 HE4 224 77| HlE
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6.000

4.000 // \_ Table 6 Measurement data of Carbon Ra (um)
N\ N

200 400 600 800
2.000 — ® 015 A 3480 | 2.184 | 2340 | 2.632
@015 & 8.859 | 5.821 | 1.730 | 4.040
0.000 ‘ ‘ ' ‘ ® 020 A 7.059 | 2179 | 2494 | 3.287
©0.15 ©0.20 ©0.25 ©0.30 -
e
Fig. 19 Ra of STS on thickness (um) ® 020 3 3.847 | 3552 | 3.668 | 5.09
® 025 A 2.146 | 2397 | 1920 | 2.076
Table 5 Measurement data of STS Rz(um) ® 025 & 5497 | 6224 | 6136 | 5557
RPM a4 D015 | D020 | ® 025 | ® 030 ® 030 A 3.051 2.575 1.817 1.950
® 030 & 1 . ) .
200 55.671 | 32417 | 43310 | 41.842 030 + >109 | 5788 | 5387 | 6765
40.744 | 70.001 | 49.618 | 76.471 10000 S -
63.282 | 44.097 | 51.737 | 149.41 0,000
400 : —0020H 0020 %=
61.673 | 57762 | 50.118 | 32.774 2,000 \ - 00325
600 26.695 | 31.859 | 54.199 | 45.655 4000 \ @030 00305
32330 | 27.304 | 12020 | 33.602 6.000 S
X \ To—
%00 52385 | 60241 | 44.113 | 53.917 5.000
44520 | 23.248 | 70.586 | 39.233 4.000 \\
3.000 : AN /
- M
STS AAZ A&e oheFst 274(20.15, 902, & 2.000 —
0.25, 20.3)2] B&4] B 2EoA Ra®t Rz 34& Bl 1.000
8l B9kT} Fig. 193 Fig. 2000 AA4" 302014 A< 0000

200 400 600 800

5 7H200~800rpm)ol A AR A& SHelskal Fig. 21 Ra of Carbon on different velocity (um)
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Table 7 Measurement data of Carbon Rz (um)

200 400 600 800
@015 % 76.233 | 29.239 | 55943 | 52.972
® 015 & 55.689 | 67.056 | 24.223 | 45254
@ 020 % 79.882 | 35.085 | 46.645 | 62.379
@ 020 & 37.006 | 48.264 | 70.277 | 69.086
@ 025 A 55.378 | 65453 | 53.355 | 28.704
D025 & 98.101 | 128.89 | 78.128 | 94.080
® 030 A 55.393 | 48221 | 28951 | 62.857
® 030 & 112.66 | 79.479 | 86.172 | 108.72
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Fig. 22 Rz of carbon on different velocity (pm)
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Table 8 Measurement data of STS Ra(um)
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Fig. 23 Ra of STS on different velocity(um)

Table 9 Measurement data of stainless steel Rz (um)

200 400 600 800

=

® 0.15 & 55.671 63.282 26.695 52.385

® 015 & 40.744 61.673 32.330 44.520
® 020 % 32.417 44.097 31.859 60.241
® 020 ¥ 70.001 57.762 27.304 23.248
® 025 A 158.83 51.737 54.199 44.113
® 025 & 49.618 50.118 120.20 70.586
® 030 A 41.842 149.42 45.655 53.917

® 030 & 76.471 32.774 33.602 39.233

200 400 600 800

@ 0.15 A 8.599 6.047 2.286 1.782
® 015 & 2.415 9.782 1.937 5.370
® 020 A 1.897 1.780 2.165 2.577
® 020 & 1.940 2.933 2.690 1.774
@025 A 3.180 2.061 4.886 3.679
D025 & 5.716 4.802 6.821 5.560
@ 030 % 1.754 2.010 2.200 2.077
@ 030 & 10499 | 2.847 2.963 3.233
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Fig. 24 Rz of STS on different velocity(um)
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