94 QAT =ER AB, 4278 AlE, pp. 94~101, 2003

Zr-2 .5Nb a9 agx =0
SIEEERE ERE S L

aref 3

X-I OIA—I”**.

D|.04 —__"**' | (=)
(20029 49 6¥ #H=, 20029 11€¥ 159 *’*}%E

oL A]

A%

ET

A Study on Applicability of SP Creep Testing for Measurement of
Creep Properties of Zr-2.5Nb Alloy

Tae Gyu Park, Young Wha Ma, Ill Seok Jeong and Kee Bong Yoon

Key Words:

Creep(ZL2} ), CANDU Pressure Tube(CANadian Deuterium Uranium ¢33,
Zr-2.5Nb, Anisotropic Material(®]"}/"d A 5.), Small Punch Creep Test(: 8 H ] =

2] X A]g]), Finite Element Analysis(+ 3+ 4 &]4])

Abstract

The pressure tubes made of cold-worked Zr-2.5Nb alloy are subjected to creep deformation during
service period resulting in changes to their geometry such as longitudinal elongation, diameter increase
and sagging. To evaluate integrity of them, information on the material creep property of the serviced
tubes is essential. As one of the methods with which the creep property is directly measured from the
serviced components, small punch(SP) creep testing has been considered as a substitute for the
conventional uniaxial creep testing. In this study, applicability of the SP creep testing to Zr-2.5Nb
pressure tube alloy was studied particularly by measuring the power law creep constants, A, n. The SP
creep test has been successfully applied for other high temperature materials which have isotropic
behavior. Since the Zr-2.5Nb alloy has anisotropic property, applicability of the SP creep testing can be
limited. Uniaxial creep tests and small punch creep tests were conducted with Zr-2.5Nb pressure tube
alloy along with finite element analyses. Creep constants obtained by each test method are compared. It
was argued that the SP creep test result gave results reflecting material properties of both directions.
But the equations derived in the previous study for isotropic materials need to be modified. Discussions
were made for future research directions for application of the SP creep testing to Zr-2.5Nb tube alloy.
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Table 1 Material properties of the tested Zr-2.5Nb alloys at 300C

Elastic modulus® . . )
Poisson ratio
(GPa) (MPa)

Yield strength®

Creep constants (Longitudinal direction)

A (MPa™ hr') n

78.68 03 450

3.55E-54 18.81
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Fig. 3 Experimentally measured creep strain-time
curves of Zr-2.5Nb alloy at 300C
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Table 2 Uniaxial creep constants and SP creep constants determined from converted values

Creep constants
Material Creep test Test Temp. (C) 1 Reference
A (MPa"hr') n
Uniaxial 600 1.326E-34 13.03 Ref. 14
14 MoV 6 3

SP 600 1.738E-33 12.45 Ref. 14
Uniaxial 650 7.590E-29 12.43 Ref. 17

P92
SP 650 5.012E-33 12.55 Ref. 15
Uniaxial 566 1.781E-34 12.76 Ref. 12

9Cr
SP 566 5.898E-35 12.64 Ref. 12
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Table 3 Creep constants of Uniaxial and SP creep
tests at 300°C

Creep constants
Creep test
A (MPa™hr) n
Longitudinal 3.55E-54 18.81
Uniaxial
Transverse 4.50E-37 11.76
Sp 1.54E-39 13.22

Zr-2.5Nb, 300°C
O Uniaxial creep test (Longitudinal)
O Uniaxial creep test (Transverse), predicted value.
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Creep strain rate
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Fig. 12 Uniaxial creep constants in longitudinal and
transverse direction of Zr-2.5Nb alloy and
creep constants determined from SP creep
tests
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