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ABSTRACT

In order to precisely measure the dimensions of the CANDU fuel bundles in
atmosphere or water, a fuel inspection system was developed. The LVDT was used as
measuring sensor in this system. An LVDT calibration equipment was also developed
in order to satisfy the required accuracy of the system. And, polynomial functions
were introduced to calibrate the LVDT and to eliminate mechanical systematic errors.
The accuracy of the fuel inspection system was examined. The results show that the
accuracy in dimensional measurement of fuel rod profile and bearing pad profile,
diameter of fuel bundle, fuel rod length, and end plate profile using standard test
equipment satisfies the design criteria, i.e., maximum measurement error of 0.0lmm(10

um).
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3E 1. LVDTE o] &3 54 At 9 &7 AdH
—Z,;zé%j‘?j'(v) 1.8807 | 1.7068 | 1.5332 [ 1.3601 | 1.1868 | 1.0145 | 0.8416 | 0.6687 | 0.4970 | 0.3294 | 0.1747
22171k (mm) | 0.0000 | 1.0055 | 2.0095 | 3.0100 | 4.0105 | 5.0120 | 6.0135 | 7.0160 | 8.0180 | 9.0195 | 10.0210
£ 2. 73 F5e) A%
a a; a a4 Ay as a6 a7
A 4= 11.36819 | -8.78401 | 7.78905 | -10.8611 | 8.71449 | -4.02281 | 0.99184 | -0.10106
I 372 e A s HE
221713k mm) | 0.0000 1.0055 | 2.0095 | 3.0100 | 4.0105 | 5.0120 | 6.0135 | 7.0160 | 8.0180 [ 9.0195 | 10.0210
jﬁ’ﬁ;%i 0.0000 1.0020 | 2.0080 | 3.0110 | 4.0110 | 50090 | 6.0130 | 7.0190 |8.0220 | 9.0210 | 10.0230
=78 ft(mm)
o3t 0.0000 | 0.0035 | 0.0015 | -0.0010 | -0.0005 | 0.0030 | 0.0005 | -0.0030 [-0.0040 [-0.0015 | -0.0020
¥ 4. CANDU Master End Plate & Zlo] =443}
; Left Right
CANDU Master=4
Inner Inter Outer Inner Inter Outer
173k -0.9921| -0.9904| -0.9839| -0.9847| -0.9780| -0.9782
Imm< =gk -0.9857| -0.9872| -0.9763] -0.9866| -0.9828| -0.9813
o=k 0.0064| 0.0032| 0.0076| —0.0019| -0.0048| -0.0031
A7 B3 -1.9850| -1.9833| -1.9819| -1.9839| -1.9720| -1.9738
2mm-< =4k -1.9897| -1.9858| -1.9783] -1.9833| -1.9665 -1.9715
2=} -0.0047| -0.0025| 0.0036| 0.0006/ 0.0055| 0.0023
¥ 5. CANFLEX Master End Plate & Zlo] =43}
o5 Left Right
Inner Inter Outer Inner Inter Outer
T AFE | -0.9857 | -0.9789 | -0.9807 | —0.9807 | -0.9664 | -0.9666
Imm¥% =4k -0.9831 | -0.9831 | -0.9810 | -0.9849 | -0.9736 | -0.9714
A}o] gk -0.0026 | 0.0042 | 0.0003 | 0.0042 | 0.0072 | 0.0048
FA718FE | -1.9792 | -1.9752 | -1.9746 | -1.9801 | -1.9662 | —-1.9649
2mm-< =7 3k -1.9830 | -1.9794 | -1.9823 | -1.9775 | -1.9660 | -1.9583
2fo] gk 0.0038 | 0.0042 | 0.0077 |-0.0026|-0.0002 |-0.0066




¥ 6. CANDU Master2] Rod Profile =% 23}
24 4
279]%) vl
) 0= 905 1805 2705
FAg [ ZA% | o | FAg[34e ] ox | FAg [ FAw ] o | w4 ] o
765 | 0.0000] 0.0000] 0.0000| 0.0000] 0.0000| 0.0000| 0.0000] 0.0000| 0.0000| 0.0000 0.0000| 0.0000
64 | -09910| ~0.9940| 0.0030| ~0.9977| 0.9880| -0.0097| ~0.9974| -0.9910(-0.0064| -0.9948| -0.9990| 0.0042| Imm &
114 | -0.0007| -0.0030| 0.0023| 0.0003| -0.0080| 0.0083| ~0.0007| 0.0020{-0.0027| -0.0012| 0.0000| -0.0012
227 | ~0.0012) ~0.0070| 0.0058| 0.0000] ~0.0100 0.0100| ~0.0008| 0.0030(~0.0038| -0.0015| 0.0020(~0.0035
247,65 | ~1.3950| ~1.3980| 0.0030| ~1.3983| ~1.3970|-0.0013| ~1.3980| ~1.4030| 0.0050| ~1.3980| ~1.4040| 0.0060|1.4mm &
347 | -0.0012| 0.0020{-0.0032| 0.0002| 0.0000| 0.0002| -0.0013| 0.0000{-0.0013| ~0.0017| 0.0010|-0.0027
449 | -0.9970| ~0.9910(-0.0060| ~0.9987| ~0.9920(~0.0067| ~0.9975| ~0.9960(~0.0015| ~0.9969| ~0.9930|-0.0039| Imm &
47765 | 00000 0.0000] 0.0000] 0.0000[ 0.0000] 0.0000| 0.0000 0.0030{-0.0030| 0.0000 0.0030|-0.0030
¥ 7. CANFLEX Master2] Rod Profile =724 3}
%4 7=
%4917 Hla
o 0= » 0= ; 180z ; 2105
FAT | S8R | LA | FA% | SAHF | LA | FAF | AR | A | FAH | AR | 2
765 | 0.0000{ 0.0000] 0.0000[ 0.0000] 0.0000| 0.0000| 0.0000] 0.0000[ 0.0000| 0.0000[ 0.0000| 0.0000
64 | -1.1088| ~1.1050|-0.0038| ~1.1092| ~1.1050|-0.0042| ~1.1155| ~1.1130|-0.0025| ~1.1085 ~1.1110| 0.0025| lmm &
114 | -0.0020] 0.0000-0.0020| ~0.0005| ~0.0010| 0.0005| ~0.0020| 0.0020({~0.0040| ~0.0035| 0.0050(~0.0085
227 | -0.0011| 0.0000{-0.0011| ~0.0015| ~0.0030| 0.0015| ~0.0025| 0.0000/-0.0025 ~0.0045 0.0000|-0.0045
24765 | ~1.3988| ~1.3000| -0.0088| ~1.3987| ~1.3950/-0.0037| ~1.4032| ~1.4070| 0.0038| -1.3970| ~1.4070| 0.0100| L.4mm&
347 | -0.0015 0.0000{-0.0015| ~0.0010| -0.0030| 0.0020| ~0.0040| 0.0020|-0.0060| ~0.0037| 0.0010|-0.0047
449 | ~1.1136| -1.1080-0.0056| -1.1102| ~1.1130| 0.0028| ~1.1157| ~1.1200| 0.0043| -1.1087| ~1.1170| 0.0083| Imm &
47765 | 0.0000[ 0.0000{ 0.0000| 0.0000| ~0.0010] 0.0010| 0.0000| ~0.0010| 0.0010| 0.0000| 0.0010/-0.0010
% 8 A % o] 44
g CANI?U Master CANFITEX Master oo
Fag | FAa | on | suu | ZAw | o
D1 99.712 99.712 0.000 99.188 99.188 0.000 | &1 A 7.66mm A
D2 97.722 97.728 | -0.006 96.964 96.973| -0.009 | $1%o A 54mm A
47 D3 99.714 99.705 0.009 99.188 99.19| -0.002 | % )A] 152.65mm <1
(rmm) D4 96.918 96.911 0.007 96.384 96.391 | -0.007 | ¥ZlA] 247.65mm <1
D5 99.714 99.716 | -0.002 99.189 99.189 0.000 | &1Z5oll A 342.65mm 9 X
D6 97.717 97.726| -0.009 96.956 96.961 | -0.005| 1%l A 441.33mm <A
D7 99.713 99.712 0.001 99.199 99.188 0.011 | &1l A 487.65mm 9 X
LO 495.297 | 495.287 0.010 - - - | Center
0] L1 495284 | 495288 | -0.004 | 495.306| 495309 | -0.003| ¥+74 43.3 ¢ (Z%=180)
(mm) L2 495.283 |  495.283 0.000 | 495.313| 495.310 0.003 | ¥H4 28.765 9 A (Z+=180)
L3 495283 | 495287 | -0.004| 495.303| 495307 | -0.004 | ¥+78 14.86 $1X](Z%=180)
L4 495285 | 495.288| -0.003| 495.298 | 495.300| -0.002| ¥+7 43.3 $1X(ZF=260)
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