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Abstract
The dynamic elastic constants of the feeder pipe materials were determined by a high temperature resonant
ultrasound spectroscopy (RUS). The resonance frequencies were measured using a couple of Alumina wave
guides and wide-band ultrasonic transducers into a small furnace. The resonance frequencies of rectangular
parallelepiped specimen were calculated from the initial estimates of elastic stiffness c,;, ¢;, and c,, with an
assumption of isotropic property, dimension and density. Through the comparison of calculated resonance
frequencies with the measured frequencies by RUS, very accurate elastic constants of SA 106 Gr. B material were
determined by iteration and convergence processes. As the temperature increases, the Young’s modulus and shear
modulus decreases linearly. The ultrasonic velocities also decreases as increasing temperature in the range of room
temperature~300°C. The temperature dependency of longitudinal wave velocity and transverse wave velocity

were calculated accurately. The difference of 3.1% of longitudinal wave velocity between room temperature and



300°C should be calibrated when measuring the thickness of the feeder pipe at 300°C.
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Table 1. Chemical composition of the Feeder Pipe (SA 106 Grade B)

Element C Cr Cu Mn Mo Ni P S Si Vv
0.29 ~
Wt% 0.3 0.4 0.4 106 0.15 0.40 0.048 0.058 0.10 0.08

Table 2. Mechanical properties of the Feeder Pipe (SA 106 Grade B)

Tensile Strength [MPa]

Yield Strength
[MPa]

Ductility [%]

Long. direction

Radial direction

415

240

22

12




Table 3. A typical example of RUS calculation for SA 106 Gr. B feeder pipe material

Specimen No.: A1063025
n | mode, k| harmonics, | | fr,calc, MHz | fr,meas MHz %error % of modulus contributing to mode
cll cl2 c44
1 4 1 0.35970 0.35961 0.02 0.00] 1.00
2 1 1 0.48251] 0.48268 -0.03 0.10, 0.90
3 4 2 0.49533 0.49621 -0.18 0.00] 1.00
4 7 1 0.51086 0.51135 -0.10 0.14 0.86
5 8 1 0.54232 0.00000 0.00 0.02 0.98
6 2 2 0.58664 0.58670 -0.01] 0.02 0.98
7 5 1 0.60219 0.60289 -0.12 0.03 0.97
8 6 1 0.61536 0.61512 0.04 0.09 0.91
9 1 2 0.61685 0.61653 0.05 0.31 0.69
10 3 1 0.61842 0.61897 -0.09 0.01 0.99
11 3 2 0.65417 0.65405| 0.02 0.14] 0.86
12 5 2 0.65895 0.66001 -0.16 0.04] 0.96
13 2 3 0.68958 0.69010 -0.08 0.15 0.85
14 5 3 0.70640 0.70588 0.07 0.04] 0.96
15 3 3 0.74061 0.73950 0.15 0.02 0.98
16 7 2 0.75158 0.75134 0.03 0.23 0.77
17 6 2 0.78077 0.78064 0.02 0.27 0.73
18] 8 2 0.79106 0.79074 0.04 0.15) 0.85]
19] 5 4 0.80922 0.81047 -0.15 0.37 0.63
20 4 3 0.82144 0.82012 0.16 0.07 0.93|
21 1 3 0.83703 0.00000 0.00 0.12 0.88
22 6 3 0.84006 0.83996 0.01 0.03 0.97
23 2 4 0.84123 0.00000] 0.00 0.03 0.97
24 5 5 0.84525 0.84529 0.00 0.34 0.66
25 7 3 0.84906 0.84889 0.02 0.07 0.93
26 7 4 0.89019 0.88857 0.18 0.16 0.84]
27 8 3 0.90345 0.90322 0.03 0.01 0.99
28 6 4 0.90366 0.90322 0.05 0.19 0.81
29 1 4 0.91627 0.91591 0.04 0.06 0.94]
30 6 5 0.94847 0.94863 -0.02 0.10 0.90
Elastic moduli (dynes x 10**-12 / cm**2) cll c12 c44
] | 2.774400  0.82570,  0.82570
Dimensions (cm) initial adjusted
dl 0.300500 0.300240
d2 0.350000 0.349190
d3 0.400000 0.401270
Mass (gm): 0.328920
||Density (gm/cm**3): 7.818398
iteration: | 6
[RMS error [%]: 0.090200
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Fig. 1. A high temperature device for RUS experiment.
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Fig. 2. Typical spectrum by resonant ultrasound spectroscopy.
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Fig. 3. Temperature dependence of elastic stiffness c,, of SA 106 Gr. B feeder pipe material.
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material.
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Fig. 6. Temperature dependence of shear moduli of SA 106 Gr. B feeder pipe material.
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