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Sub-sized specimen testing and its relationship with Gen IV Materials Qualification

Adrian Davila -4, Drew C. Johnson?, Mike McMurtrey 2, Robert A. Roach 4
"Virginia Tech — Materials Science and Engineering; 2 INL — Irradiated Fuels and Materials

Background Historical Sub-Sized Testing

Qualification of new nuclear structural materials, currently a 20-30 year Tensile testing of sub-sized specimens
process, is critical to designing safe, reliable, more efficient Gen IV

nuclear reactors that can help the US achieve our clean energy goals. Applying the same loading mode (force application methods, loading direction, testing temp. strain

rate, etc.) on sub-sized specimens as ASTM standard sized samples leads to observing yield

strengths, ultimate tensile strengths, and elongations within +/- 2% of the standard size sample
Design, Fabrication, and measurement
o4 years) | Sub-sized tensile specimens with a minimum width of 6-20 grains within the gauge section were
Post Irradiation Exam and( | ~10 years observed to replicate the bulk yield strength, ultimate tensile strength, and elongation within +/- 2%.
Performance A{s;;sgr;:al:;} per cycle Cree T ] ] ] ]
J . p Testing of sub-sized specimens
0 s o) Uniaxially loaded sub-sized specimen and small punch test (SPT) are common methods of creep
// testing materials with limited volumes within the nuclear industry.

SPT however, is limited by the uniqueness of the testing environment within a given lab and the
need for correlations specific to the material being tested and specific to the material property of M
Interest, thereby leading to enormous amounts of data generation.

INL's Nuclear Materials Discovery and Qualification Initiative (NMDQI)
IS a program designed to accelerate nuclear materials qualification and

reduce that timeline to 3-5 years. _ _ _ _ Clevises for SS-J3 creep testing currently under design and development at INL
To achieve this time frame goal, accelerated tests of materials must be Fatigue Testing of sub-sized specimens
performed within test/fast reactors, which are limited in number and Sub-sized fatigue specimens produce fatigue cycle values within +/- 18% and rupture stress values
have small testing volumes within +/- 7% of ASTM sized samples over the entirety of a Stress-Cycles to failure curve. w
This leads to a need to deviate from American Society for Testing and Although scatter exists with sub-sized fatigue specimen data, the graph below shows a linear | | | | |
Materials (ASTM)/ American Society of Mechanical Engineers (ASME) regression and approximation for the S-N curve is achievable within +/- 1.5% of the fatigue limit. Given that the literature demonstrates governing factors in sub-sizea
standard sized specimens and use sub-sized or miniature specimens. - specimen tgstlng 1S geomet.ry agnostic, S§-J3 sub-3|zeq specimen
. . . , , B 1000 have been identified as an ideal sample size due to their limited
The .goal of this prOJegt was [0 detgrmme the extent to which sub-sized == ggg [ * Sub-size HCF ‘ volume requirements and ubiquity in Nuclear Science User Facilities.
tensile, creep, and fatigue mechanical testing had been performed on = : 550 S + Standard HCF Nevel ¢ clevi 4 mechanical test : ,
materials-applicable to the nuclear industry and the factors necessary = @ & 800 e oVe opment OT CIEVISES and mechanica testing systems lor lesting
to-accurately replicate bulk material behavior =B &= %;gg 9 of |rrad.|ated SS-J3 sub-sized specimens has commenced as part of
- = ;3 2650 NMDQ.
= ot (e ?’Oﬁ?ln(x’: i R INL plans to initially creep test irradiated Inconel 617 SSJ3 sub-sized
Refe rences E = 8> I “Recosose Ocs =730 MPa specimens as copious material testing data of Inconel 617 ASTM
E = B 400 standard sized samples exists within INL's previous experimental
f,,/=R6gch, RdBé'r-t_AIIen. NMDQi Nuclear Materials Discovery and Qualification Initiative f—" ggg results.
Conference Overview. United States: N. p., 2020. Web. : i S e S After comparing with Inconel 617 data, 709, 800H, and 316H alloys
Eaz’(l:gjg,;;OKF;)er:ﬁ(t)izlsk{/\I/DitEli?\(:’ LIJ\/IS,eéSCL)fPSr;)ck:)P_lgizzkea(;I Iz.pe[zier;eerrrrsl.lr?a;;(c;?ezgli_r?gc:IOTfetT}selligll;\/ldE Results of high cycle fatigue tests performed on standard vs sub-sized YVI|| .be tested as these alloys have shown promlsg fOI‘. future viability
specimens in high temperature/Gen |V reactor structural applications.
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