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Evaluation of the creep damage of the Type 316LN stainless steel
by the ultrasonic wave velocity

Won Yi, Kyung-Yong Noh, Song-Nam Yun, and Woo-Gon Kim

ABSTRACT

Creep damage is one of the most important characteristics for the stability of high temperature structures such as

huge energy converting facilities. Creep failure of Type 316LN stainless steel is highly correlated to generation and

growth of the voids. In this paper, in order to investigate the correlation of creep rupture time and ultrasonic

parameters (group velocity, angular velocity), creep-damaged Type 316LN specimens and measurements for the

ultrasonic parameters were made. However, bi-directional measurements were applied along the load direction and the

perpendicular direction to the load line by means of the contact type probe of which the central frequencies are
10MHz, 15MHz and 20MHz. Analyzing the angular velocities of the ultrasonic signals obtained from the load
direction, it was confirmed that the angular velocities were declined as the creep time passed when 15MHz and

20MHz probes were used. Also, the group velocities were declined for all three frequencies as the creep time

increased. Thus, positive feasibility for the creep damage evaluation by means of the angular and group velocities was

confirmed. Moreover, result of analysis for the ultrasonic signal which was obtained from the perpendicular direction

upon the angular and group velocities indicated little variation for both of the angular and group velocities. Therefore,

the creep damage is likely to represent anisotropic itself.
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Fig. 1. Principles of pulse echo method in
the ultrasonic analysis
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Table 1 Chemical components of 316LN stainless steel

Fe C Si Mn P S

Cr Ni Mo N B

Bal. 0.022 0.7 1.01 0.029 0.005

17.15 123 2.35 0.094 0.003
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Fig. 2 Dimension of creep specimen
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Fig. 3 Relationship between creep time and

strain
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Table 2 Dimension of ultrasonic test specimen

time to
rupture 94 215 270 260 403 284

(hr)

1‘(33[%}1 7.720 | 7.699 | 7.694 | 7.767 | 7.758 | 7.715

thl(cmlzj)ess 2.2582.308|2.310 | 2.495 | 2.526 | 2.508
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Fig. 4 Shape of ultrasonic test specimen
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Fig. 5 First reflected waves of ultrasonic

signal at 20MHz transducer
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Fig. Relationship  between
frequency and time to rupture at
10MHz transducer
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Fig. 10 Relationship between group velocity
Fig. 9 Relationship between group velocity and time to rupture

and time to rupture
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Fig. 12 Photography of micro- structure (a)
for 93.5hr. (b) for 284hr. (c) for
403hr.
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