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ABSTRACT

The Research on the Flaw —-FEvaluation
of the Optical Connector

by Resonant Ultrasound Spectroscopy

Kim, Seung-Hoon
Advisor : Prof. Yang, In-Young, Ph. D.
Dept. of Mechanical Design Engineering
Graduate School of Chosun University

The objectives of the paper is to proposed a non-destructive
sorting technology by Resonant Ultrasound Spectroscopy. For
research, we made of the measuring NDT system by RUS.
The principle of RUS is that the mechanical resonant frequency
of the materials depends on density, and the coefficient of
elagticity. The RUS system is the measuring which is to exite
specimen and to inspect the difference of natural frequency
pattern between acceptable specimen and specimen which has
some defects.

we evauate the crack in a ceramic ferrule and the flaw in an



Optica lens by RUS system. Then, we carried out simulation
by explicit finite elements method, and compared the
experimental results with simulation results for verify the data
obtained from the experiment. Also, we compared the resonant
frequencies of specimens with some defect with those of
acceptable specimens. The histogram drawn from these data and
the available resonance mode surveyed were used to classify the

acceptable specimens in the plant.
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SiO2-5mm [kiz]
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[mode 20] 634.79

Fig. 8 Natural frequency and vibration mode by using FEM
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Table 1 Properties of Fused quartz (T-4040)

Young’'s Modulus, E [GPal

Poisson Ratio

Density, plkg/m’]

72.6

0.169

2.20x10°
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Table 2  Comparison of calculated frequencies by FEM and
measured for standard specimen(T—-4040)-5mn

(S.C : Side Contact-5H =%, A.C : apex Contact-RARAR =)

Experiment (ki)
Mode No. FEM (ki)
Side Contact Apex Contact

1 338.59 342.84 342.57
2 340.00 343.96 344.01
3 448.49 455.30 455.26
4 449.50 456.73 456.74
5 449.83 456.97 457.93
6 466.07 467.57 467.48
7 466.71 468.04 465.07
8 466.89 468.44 468.33
9 497.12 503.62 503.62
10 498.30 - 505.03
11 498.62 506.11 505.80
12 514.91 533.17 -

13 527.41 535.59 -

14 528.43 - -

15 539.85 551.94 552.11
16 540.13 552.89 552.82
17 541.11 554.23 553.89
18 580.80 597.01 597.07
19 581.42 597.90 597.69
20 634.79 652.31 652.32

,20,



Table 3 Comparison of calculated frequencies by FEM and

measured for standard specimen(T-4040)-10mn

Experiment (ki)
Mode No. FEM (ki)
Side Contact Apex Contact

1 169.39 171.43 171.15
2 169.64 171.85 171.41
3 224.34 227.50 227.44
4 224.49 228.22 228.14
5 224.58 228.71 228.50
6 233.02 233.69 233.53
7 233.11 233.82 233.78
8 233.17 233.98 233.85
9 248.66 251.67 251.41
10 248.33 252.24 252.05
11 248.93 252.64 252.63
12 257.26 - -

13 263.67 - -

14 263.85 - -

15 269.87 275.93 275.50
16 269.96 276.20 275.69
17 270.10 276.65 276.45
18 290.28 298.30 298.01
19 290.39 298.51 298.14
20 317.20 325.86 325.72
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Table 4 Properties of Zirconia

Elastic modulus E ) ) Density p
Poisson’s ratio v 3

[GPa] [kg/m”]
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Fig. 11 The upper side of acceptable-B (by Microscope+D.Ca X50)
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(a) Crack lengh, 17.06ym
Fig. 12 The Shapes of Crack(by JSM 840A X2000)
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Fig. 12 Continued
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o+4 3} Zirconia Ceramics—-A typelkiz]
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Fig. 13 Natural frequency and vibration mode
(Ferrule-A type)
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Table 5 Comparison between experiment results and FEM analysis

(A-type specimen) [Kl]

experiment Theory
mode acceptable crack ?:lt?gr? acceptable (fa)ave
/frEM
(fa)ave Oa (fp)ave Ob A frem

1 110.44 | 0.892 | 113.55 | 0.193 2.86 107.59 1.03
2 17763 | 1.233 | 179.75 | 1.610 0.74 168.77 1.05
3 252.89 | 1.345 | 256.24 | 0.808 1.55 248.52 1.02
4 283.82 | 0.688 | 285.92 | 0.508 1.75 276.81 1.03
5) 34755 | 1.599 | 351.57 | 0.429 1.92 337.32 1.03
6 41470 | 1.013 | 419.31 | 0.797 2.54 410.07 1.01
7 520.04 | 0.597 | 52490 | 1.189 2.72 505.42 1.03
8 55791 | 0.789 | 561.53 | 0.688 2.45 546.19 1.02
9 57991 | 0.907 | 586.45 | 1.260 3.01 572.21 1.01
10 | 69271 | 0.684 | 698.32 | 0.974 3.38 672.89 1.03
11 | 738.88 | 1.089 | 745.58 | 0.939 3.30 726.13 1.02
12 - - - - - -
13 | 797.39 | 0.680 | 798.23 | 0.358 0.86 797.07 1.00
14 | 812.82 | 0.744 | 818.31 | 1.010 3.12 812.91 1.00
15 | 843.06 | 0.582 | 845.99 | 0.635 2.40 839.56 1.00
16 | 933.15 | 0.744 | 938.65 | 1.270 2.73 904.19 1.03
17 | 947.05 | 0.616 | 952.19 | 0.888 341 905.8 1.05
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Table 6 Comparison between experiment results and FEM analysis

(B-type specimen) [Kl]

experiment Theory
mode acceptable crack ?:lt?gr? acceptable (fa)ave
/frEM
(fa)ave Oa (fp)ave Ob A frem

1 116.1 | 0.396 | 116.1 | 0.816 0 105.4 1.101
2 1823 | 0917 | 1834 | 0.409 0.82 172.6 1.056
3 261.0 | 0.808 | 263.8 | 0.864 1.67 245.9 1.061
4 293.1 | 0.830 | 2945 | 0.631 0.95 281.2 1.043
5 360.8 | 0.568 | 363.6 | 0.665 2.27 344.9 1.046
6 4279 | 0591 | 4324 1.09 2.67 408.7 1.047
7 540.1 | 0.808 | 544.4 | 0.929 2.47 516.6 1.046
8 574.0 | 0.763 | 5774 1.21 1.72 555.0 1.034
9 599.1 | 0.724 | 604.7 1.30 2.76 o74.7 1.043
10 690.6 | 0.631 | 696.5 1.41 2.89 687.4 1.005
11 764.1 | 0.737 | 770.3 1.49 2.78 735.6 1.039
12 - - - - - 780.2 -
13 8356 | 0.637 | 840.8 1.96 1.23 811.1 1.030
14 8676 | 0351 | 8714 | 0.871 1.47 849.5 1.021
15 898.1 | 0.514 | 904.2 1.66 2.80 857.0 1.048
16 959.6 | 0.516 | 965.1 1.56 2.64 931.2 1.030
17 9739 | 0.480 | 977.2 1.48 1.68 953.6 1.021
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Fig. 15 Histogram of the 6th mode(A-type)
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Fig. 16 Histogram of the 7th mode(A-type)
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Fig. 17 Histogram of the 8th mode(A-type)
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Fig. 18 Histogram of the 9th mode(A-type)
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Fig. 19 Histogram of the 14th mode(A-type)
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Fig. 20 Histogram of the 15th mode(A-type)
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Fig. 21 Histogram of the 16th mode(A-type)
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Fig. 22 Histogram of the 17th mode(A-type)
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Table 7 Properties of spherical lens

Transverse wave velocity

) , . . 3
Cr [m] Poisson’s ratio v | Density p [kg/m”]

3,610 0.21 251 x10°
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Table 8 Comparison of resonant frequency for both specimens

Spec. g 2 g5
before after before after
Diameter[mm]
g2 g 2.1 g5 3 6.7
Mass [g] 0.0104 0.01195 0.16465 0.40751
1444 1608.2
Resonant
1455.2 19081
frequency [ kiz] 1500 1832 6
B[x107° g'"?/sec] 147.25 162 652.56 1264.6
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Fig. 40 The test-process about specimens which has some defects
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Table 9 Mass of specimens

Mass (g)
Number
Acceptable Detective
1 0.2440 0.2430
2 0.2441 0.2436
3 0.2442 0.2445
4 0.2446 0.2445
5 0.2450 0.2453
6 0.2450 0.2460
7 0.2453 0.2461
8 0.2454 0.2462
9 0.2455 0.2464
10 0.2455 0.2476

Fig. 42 Acceptable-NO0.07 Fig. 43 Detective-NO.04

W=0.2453g (x2000) W=0.2445g (x2000)
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Table 10 Comparison betw een experiment results and FEM

analysis
Experiment[klfz]
mode Acceptable specimens Detective specimens Distinction

(fa)ave Oa (fb)ave Op A
1 350.96 0.32 345.22 14.91 0.38
2 401.83 1.36 400.46 0.80 0.63
3 458.71 0.43 459.04 0.33 0.43
4 559.40 0.57 562.63 4.55 0.63
5 818.98 0.95 821.18 0.90 1.19
6 979.51 4.58 985.33 0.66 1.11
7 1041.06 3.02 1050.27 0.89 2.36
8 1059.18 2.81 1064.33 1.13 1.31
9 1085.14 1.13 1089.00 0.16 2.99
10 1096.04 1.70 1097.20 0.55 0.52
11 1124.76 2.51 1131.88 1.27 1.88
12 1172.30 1.58 1177.27 0.83 2.06
13 1195.24 4.80 1208.45 1.75 2.02
14 1237.52 2.28 1245.06 0.82 2.43
15 1279.18 0.84 1284.10 0.66 3.28
16 1327.16 0.83 1331.57 0.51 3.29
17 1336.40 1.26 - - -
18 1392.87 0.25 - - -
19 1412.26 2.31 1417.17 1.17 1.41
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Table 10 Continued

Experiment/[kilz]
mode Acceptable specimens Detective specimens Distinction

(fa)ave Oa (£6)ave Op A
20 1440.28 2.92 1439.05 6.22 0.13
21 1479.50 0.70 - - -
22 1502.90 2.88 - - -
23 1545.14 1.36 1552.30 0.30 4.31
24 1563.90 1.61 1568.50 0.77 1.93
25 1614.24 2.90 1617.91 1.12 0.91
26 1644.42 2.49 1647.80 0.72 1.05
27 1682.60 9.76 1681.57 1.33 0.09
28 1720.82 3.27 1728.63 2.00 1.48
29 1754.02 1.54 1761.05 0.90 2.88
30 1765.16 0.24 1779.50 1.04 11.20
31 1790.70 7.45 1791.20 0 0.07
32 1815.10 4.74 1833.20 3.16 2.29
33 1841.95 5.17 1862.40 0.40 3.67
34 1862.86 4.08 1872.20 1.31 1.73
35 1894.76 3.95 1901.50 1.32 1.28
36 1906.38 3.93 1913.14 1.33 1.29
37 1937.74 4.96 1947.43 1.74 1.45
38 1962.08 1.57 1974.18 0.76 5.19
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