shebAlzke] WEAT FEdS

FUE - FHAp - P

o
Fo3hskal thekd 71A12A1E
o 7 AAE2E- 8

7] 35t

Variability of Short Term Creep Rupture Time and Life Prediction
in Stainless Steels

Won-Taek Jung®, Yu-Sik Kong*™ and Seon-Jin Kim**

*Department of Mechanical Design Engineering, Pukyong National University, Busan, Korea
**Department of Mechanical & Automotive Engineering, Pukyong National University, Busan, Korea

KEY WORDS: Creep rupture time Z2]3= 3}t A|7h, Weibull distribution 2to]& &3, Variability H-&

44| Z, Lason-miller parameter 2}=-22 32}

3, Creep life prediction Z&|=

ABSTRACT: This paper deals with the variability of short term creep rupture time based on previous creep rupture tests and the statistical
methodology of the creep life prediction. The results of creep tests performed using constant uniaxial stresses at 600, 650, and 700°C elevated
temperatures were used for a statistical analysis of the inter-specimen variability of the short term creep rupture time. Even under carefully
controlled identical testing conditions, the observed short-term creep rupture time showed obvious inter-specimen variability. The statistical aspect of
the short term creep rupture time was analyzed using a Weibull statistical analysis. The effect of creep stress on the variability of the creep rupture
time was decreased with an increase in the stress level. The effect of the temperature on the variability also decreased with increasing temperature.
A long term creep life prediction method that considers this statistical variability is presented. The presented method is in good agreement with the

Lason-Miller Parameter (LMP) life prediction method.
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Table 1 Testing matrix for creep rupture test

Stress (MPa) Temp. (600°C) Temp. (650°C) Temp. (700°C)

320
300 5
260 -
240 -
180 - -
160 - - 5

a1

Q1 Q1
1

a1




300MPa
(upper limit)

oL 320 MPa
_ 320MPa —— 300 MPa
X (lower limit)
Dl , 320MPa
= ;' (upper limit)
£ 6f i 300MPa
i (lower limit)
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Rupture time, Tr (h)
Fig. 1 Creep curves for STS304 at 600°C
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Fig. 2 Variability of the residual, & of rupture time
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Table 2 Statistical properties of rupture time
Temp. [°C] Stress [MPa] Mean [hr] Standard deviation [hr] Coefficient of variation = Mean of [Z] COV of [Z]
320 57.06 6.576 0.115 1 0.128
600 300 125.6 18.110 0.144 1 0.152
650 260 33.0 4.929 0.149 1 0.167
240 1427 12.014 0.084 1 0.094
700 180 87.7 3.655 0.041 1 0.046
160 176.1 13.831 0.078 1 0.087
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Table 3 The estimated Weibull parameters

Temp. [°C]  Stress [MPa] a B
320 7.94 60.28
600
300 6.42 134.15
260 711 34.99
650
240 11.81 148.25
180 22.32 89.57
700
160 11.93 182.89
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