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Abstract : In this paper, resonant ultrasound spectroscopy(RUS) was used to determine the natural frequency of a

ceramic ferrule and a ball lens. The ceramic ferrules are cylinderical shape with @ 2.56mm diameter and 10mm in
length. Crack lengths of these ferrules are 10.40um, 21.18,m and 32.35.m. The spherical ball lens was made of BK-7
glass, one's diameter in 2mm and Smm. RUS system is consisted of spectrum analyzer, power amplifier, PZT sensor
and support frame. The principle of RUS is that the mechanical resonant frequency of the materials depends on density
and the coefficient of elasticity. Rus system is based on that given resonant frequency of the materials can be
represented by the function of density and the coefficient of elasticity, and it is applied to excite specimen and to inspect
the difference of natural frequency pattern between acceptable specimen and defective ones. Defect evaluation by RUS
are performed to investigate the natural frequency measure of ferrule and ball lens.

Key words : Resonant ultrasound spectroscopy(3- 8 Z & 9Ht-33H), Natural frequency(3-715°3<), Ferrule(#
), Ball lens( 9 22), PZT(3}F A A %5 2], Crack(Z #)
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Fig. 1 Principal of resonant ultrasound spectroscopy
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(a) The shape of ferrule-A

(b) The upper side of
cracked-ferrule

Fig. 2 The shape of ferrule specimen

(a) Cube specimen for ball
lens with 2.4x2.4mm

(b) Ball lens with ¢32.1mm
after Ist polishing

(c) Ball lens with (»2mm
after perfect polishing

(dy Ball lens with ¢»5mm
after perfect polishing

Fig. 3 The shapes of ball lens specimens
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Table 1 Ferrule specimens
[ Specim;*n (frack L C rack lgﬁgll{ S
A x T
Fetrule CAOl O | 0.470@
CAO05 C 21.18um
CAIl o 3235m |

xjof wimp 2t

Table 2 Ball lens specimens

Ball lens Process Size [mm]
Cube 2.4x2.4
@2mm After Ist polishing 2.1
Perfect polishing 722.0
After 1st polishing 6.7
@Smm — -
1 Perfect polishing 5.0

Table 3 The mechanical properties both ferrule and ball lens

Elastic modulus Poisson's Density
Spec. . . 3
E [Gpa] Ratio [kg/m’]
Ferrule 206 0.31 6.05x10°
Ball lens 82.1 021 2.51x10°
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Fig. 4 The schematic diagram of measuring part
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Fig. 5 Experiment and FEM analysis of A specimen (12, 13 and 14th mode)
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Table 4 Comparision of resonant frequency for ball lens

Spec 2mm ?5mm
Polishing 1st perfect 1st perfect
Diameterfmm] o2 @?2.1 a5 06.7
Mass [g] 0.0104 0.0119 0.1646 04075
1444 1608.2
Resonant — 14552 — ——— 1981
frequency [kHz) 1520 1832.6
B 147.25 652.56
3 a2 — 162 —— 12646
[107 g 7sec]  155.01 743.61
1400
® Average data Py
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[ ] Equation: y=y0 + (Aw"sar(PIi2)})
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Fig. 12 Relationship between g and mass
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