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This thesis describes the developments of quantitative methods for materials
strength characterization by small-punch testing techniques. The materials covered
in this study are: low-alloy ferritic steels used for components in refinery,.chemical
and power plants, newly-developed cryogenic austenitic stainless steels employed in
superconducting magnets of fusion reactors, as well as SUS 316 HTB steel utilized
in superheater tubes. This thesis is divided into six chapters. The introduction of
this work is given in Chapter 1, which describes the theoretical background and the
current state of the applications for the small-punch (SP) testing method to the
characterization of mechanical behavior in materials and the scenario of this
research. The objectives and approaches of this study are illustrated in the attached
figure (Fig.1).

Chapter 2 deals with the determination of the ductile-brittle transition temperature (DBTT) of CVN
impact test by means of the SP testing method in low-alloy ferritic steels, including chemical, physical and
metallurgical factors. A new correlation between DBTTs determined by CVN impact testing method and the
SP technique is established by employing a multiple linear regression analyses, taking into account the
chemical composition and the grain size of the material. The correlation has been shown to be more accurate
than the previous methods.

In: chapter 3, the cryogenic austenitic stainless steels newly developed for fusion reactor component
materials, JJ1, JN1 and JK2 were investigated in terms of their susceptibility to the grain boundary
embrittlement. The materials were subjected to the heat treatments simulating a heat affected zone. The results
showed that the JK2 steel is more resistant to the grain boundary embrittlement due to its high content of Mn.
A new linear correlation between the CVN test energy and SP test energy at 77 K was also determined, which
allows to assess the degree of grain boundary embrittlement in this type of steels.

Chapter 4 demonstrates a unique equivalence of the J-based fracture toughness, Jic and
the equivalent fracture strain, determined by the SP testing method, at cryogenic temperatures
in austenitic stainless steels JN1, JJ1 and JK2. It was shown that there was a unique linear
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correlation between the J-based fracture toughness and the equivalent fracture strain for the
cryogenic materials with and without grain boundary embrittlement.

In chapter 5, the small-punch method testing method was applied to evaluate the creep
properties for a SUS 316 HTB austenitic stainless steel. In the small-punch creep tests, punching
load was held constant during the experiment. The deformation vs. time curve obtained by the SP
creep tests showed clearly the steady state creep behavior similar to uniaxial tensile creep tests.
Finite element analyses revealed that equivalent stress during the steady state creep stage was almost
constant. The creep rupture curve obtained by the SP creep testing method was very close to that
determined by uniaxial creep tests.

The main merit and contributions to the development of quantitative methods for materials
strength characterization by small-punch testing techniques are summarized in the attached figure
(Fig.2).

Objective Approach

@ To get reliable assessment for

properties by considering factors like
chemical composition and microstructure

® To obtain accurate and unique Multlpl; WAl ahaiyals
cormrelations between SP parameters and ikt
conventional tests, which could be

applied in a group of materials.

ol
® To analyze the degradation of
mechanical properties of in small zones ' Heat treatment for
*

of Iindustrial components due to HAZ simulation
microstructure evolution by heating.

@ To compare directly SP test parameters Combining stress
with those of conventional tests. analysis with creep data

Figure 1. Objectives and approaches of this study
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Figure 2. Illustration of the small-punch (SP) testing methods developed in this study
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TARAT—HEE - BEHOLEME TR T 2201011, #HEHEORFESLELFM T2 2 L 2BH
ERAIR LD, AT—A0F (SP) KRBk, EESMHLEEMETANRRABRRZFERTS
ZEiED, BEAERICET M EEETMERALTARFETSHY, SPRARICE VI LT 2
—FicESE, ER FEELHBESESLHETAIHETHS

AmLIE, THFAF—HE - BEHOoEMEBRLEESN, IVEERVEEMEEENARDLNT
WAHEREBEZ, SP RAREIC L 2EEN T HENEREEEOBBICMETIENZITY, TNLOH
BEFLDELOTLREELV 25,

H1IEIHRTHY, AHROFRL HHZER~TND.

FB2ETH, ERRERE7 =74 IR L TRER 2AHEREM & SRR 21TV, SP R
ICESE, Uy HRARIC Y SEME-EEBREFHET S50 0 LWEREMELSEERL
TW5., EREGROZERMITICEY, MEORBGNEZENEELEFTHLII LA RML, #REL
OEERICHERVEMBERZEH LTV, “hid, SP RBEICBITAHERFZUHTHLM
LEcb O TCHERRHMRTHS.

EIETH, BREFEEE~/Fy MEEME L LTHRERIA—2ATFA1 PRRAT VLV AM
(JJ1, INLBEXWJKZ#) Zx LT, BEEFERBOEZE LR L8 SPRRETTV, BES
iz Lo TR R FNRBEDTEMENR DS Z LE2OHD TGRLTWS., 26T, RO E ARR
BEftiz Mn OFMZ L VEETESZEEHLNI LTINS, Zhid, EERARTHS.

FBAETH, BIETHRE LicA—RT7 T4 FRAT VL AFOBER S RFT EROMERE
HEEERE LERBRETER L, BMENFNRRFNEToTWS. TR, SPARTHELNLHM
BEOTHRCESE, EAREOFECLGT, R—0HEXLHWTRR ] BoEEZHETELZ
EERLTEY, SPREEOER LOFHAMEERLTWA.

HEETI, SPABREORRBRMEFM~OILEXEME LT, KABRERA F—HA—XTFA |
FZATFT LA (SUS 316 HIB) #xt& L L SP 27 ) —7REE1T 5 & & iz, HESHART LA
EAbdi= 7 V—HEFECET AR EToTWA. SP 7YV —7RRICIVEBELRGALT—Y
YIFG—=RF A DERIEE 7 ) —TRRBRICLALDOLIZIER—THHILEMDTRHL, SP
HBRICEVEBRZ UV —7H{bEEAERMCFETCES ZLERLTWVWA. ZHiE, BERERTH
5.
EOEILERTHY, RBREHLRELTWVLS,
LI EEET B2 AR, SPARBRICIES < EM-IEMEESEE, BEREENELOCEEBs )V —T
HEOHEEIZE VT, EROMEL L& L TRENIC TR 2R LXE2Z LICKRI L, RFERkC
BUIABRELSLERHTAEOOEFHLMIRARELZ D WICFHEMELZRELELOTHY, Bl
AT AT HA Y TERLPIHEBERORRBICELST D L AR 720,

roT, ARIEL (T%) OFMRTELTARLEBDD.
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