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Assessment of Material Properties Using Finite Element Analysis for
Small Punch Creep Testing
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Abstract

Recently small punch creep testing (or miniature disc bend creep test) has received much attention
through European collaborative research projects. This method was considered as a substitute for the
conventional creep rupture testing by which the residual creep life is measured from the specimen
taken out from serviced components of high temperature plants. It would be beneficial if the material
creep properties such as power law creep constants as well as the creep rupture life can be measured
from the small punch creep test.

In this paper a method of assessing creep constants from the small punch creep testing is proposed.
Finite element analyses were performed to investigate evolution of stress and strain rate at the weakest
locations of the small punch creep specimen. Elastic-plastic-secondary creep analyses were carried out.
The estimation equations for creep constants by.the small punch creep testing are proposed based on
the finite analysis results. Small punch creep tests were also performed with 9Cr steel and the accuracy
of the proposed equation was verified by the experimental results.
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‘I'able 1. Material properties of the

tested 9Cr steel at 566C.

Flastic | Yield Tensile l
modulus v strength Strength D m A n
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 (GPa) (MPa) (MPa) (MPa ) (MPa "+ hr )
145.6 0.3 374.8 421.2 4.370E-66 24.19 1.781E-34 12.76
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Fig. 1 Finite element modeling of small punch
testing.

2o]lH  4-node reduced element

(ABAQUS Library Element Type CAX4R)E A}

gstgrh AgHe] 84 % 100070, A4+

integration

P

T = o1
= & 1A Ao AdEn B AEHES o)
Atole] HEzWHoE EF HEZAAW(ABAQUS

Library Contact Surface)& ®jx3tith. &3 o}
ol ZA=E 744 stdem AlgH who] Table 1
o w3l As EAHES Zevn 7HASAT. A
HH dRrto] 2 dFrhe] EH HEHA
Z ¥ % (clamping) 3FL& RIIEA g A=
AR B AHA, AR the] Ateld] %
o} 2 A 5= ] o

02% Abg3tsdch Fig. 19
Ast A4 2"E el

=
4 mm, tT

= Q)

= debEd A

[e]

W o IE

w o

of Ab-&% A Hlo) Al&EE 9Crt
olt}. SP AlgH L& 10x10x05 mme A7E 7}

TEHRom AvtAE o] &d AFH YF EW

Or‘}o
o

& dnpstdth. HF dAwpAlol No. 20008 Avt
AE AEdAth 566C2 Alg2EAA 510N,



O0DN, 640N, 685Ne] AT & HAE B 2o
27t Brhale] SP A E AIE S

11 opetessia o

7hy SP A2l Z siMof ol BF #efA|

Fig. 200 471412 spFz2Ao s}

r\J
£
o M

o

i 2

5 2
1S delel A REAIZ wWE SP # R
Poel g e Raka o) 7 gl
wpeb V] U AR, AEF0 2 osid A9 B
MERe] Al A Fegz Aol ¥4F ARE
AEel Aeek fabetA JdElhkoes 28385
ubel SP A#EZ FAMel AFol AA wWITS
of 4 Ak #FHLEF ol Fubghel wel AdEH
ol 7] Yo FrAsRon d4F AL FaE
2k zle] 2 AF fAMEA A E a3y i)
NYE ARGl velwtch dFe] FEe
Wl ol gl My Hzte] aYE H£xy F49)
Sobeb ok g9l R AA SP A= AW
SLou ek bR R 2 ghdale )l d 8tk
his vhdAel A E ARE FA g
el 2] X £E27F dAAs A Friste d4o)

A

SP A EZ B XAy pztel zglx
SR Al dF AR E Ao M9} npziot

22 Wz (power law)E WET BIE
3otk Fig. 201 A 4% AYEz W &5
485t oEsidon BAE (Ao

FE Results

Dispiacement imm

; J
300 400 500 600
Time (hr)

Fig. 2 Punch displacement vs. time curve obtained
by FEA.
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Fig. 3 Von Mises stress vs. time curves under
several applied load levels of SP creep
analysis.
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Fig. 8 Experimentally measured punch displacement
-time curves of 9Cr steel at 566 C.

Table 2. Experimentally measured P and § values

and converted ¢, &, values.
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Fig. 9 Creep constants determined from converted
0, €, values obtained by experiment.
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